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OBJECTS AND EULES 


OF 

THE ASSOCIATION. 


OBJECTS. 

The Assooiatioh contemplates no interference with the ground occupied 
by other institutions. Its objects arc:—To give a stronger impulse and 
a more systematic direction to scientific inquii'y,—to promote the inter¬ 
course of those who cultivate Science in dilferent parts of the British 
Empire, with one another and with foreign philosophers,—to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 

RULES. 

Admission of Members and Associates. 

All persons who have attended the first Meeting shall be entitled to 
become Members of the Association, upon subsoidbing an obligation to 
conform to its Rules. 

The follows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Ofiieers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical Institution recommended by its Coun¬ 
cil or Managing Committee shall be entitled, in like manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall bo elected by the 
General Committee or Council, to become Life Members of the Associa¬ 
tion, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting* 

Oompositionsy Subscriptions^ and Privileges. 

LilfE Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of the Association. 

Ahhuax. Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermmiem their 
Annual Subscription. By omitting to pay this subscription in any par-, 
tioular year, Members of this class (Annual Subscribers) lose for that cmd 
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all future years tlie privilege of receiving the volumes of the Association 
gratis: but they may resume their Membership and other privileges^ at 
any subsequent Meeting of the Association, paying on each such occasion 
the sum of One Pound. They are eligible to all the Offices of the Asso¬ 
ciation. 

Associates for the year shall pay on admission tho sum of One Pound. 
They shall not receive gratuitomly the Reports of the Association, nor bo 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes:— 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Ponnds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership 
after intermission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis^ or to purchase it at reduced (or Members’) 
price, according to the following specification, viz.:— 

1‘. Gratis *—Old Life Members who have paid Five Pounds as a com¬ 
position for Annual Payments, and previous to 1845 a fur¬ 
ther sum of Two Pounds as a Book Subscription, or, since 
1845, a further sum of Five Pounds. 

ITew Life Members who have paid Ten Pounds as a compo¬ 
sition. 

Annual Members lolio have not intermitted their Annual Sub¬ 
scription, 

2. At reduced or ^ Memiers^ PnW, viz, two-thirds of the Publi¬ 
cation Price.—Old Life Members who have paid Five Pounds 
as a composition for Annual Payments, but no fu.rther mm 
as a Book Subscription. 

Annual Members who have intermitted thoir Annual Sub¬ 
scription. 

Associates for the year. [Privilege confined to the volume 
for that year only.] 

8. Members may purchase (for the purpose of completing their sets) 
any of the volumes of the Reports of the Association up 
to 1874, of which more them 15 copies remain* at 25# 6c?. per 
volume.* 

Application to be made at the Office of the Association, 22 Albemarle 
Street, London, W, 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of tho Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 

* A few complete sets, 18S1 to 1874, are on sale, £10 the set. 
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Meetings, 

The Association shall meet annually, for one week, or longer. The 
place of each Meeting shall be appointed by the General Committee two 
years in advance; and the arrangements for it shall bo entrusted to the 
Officers of the Association. 

General Committee, 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons *.— 

Class A. Permanent Members. 

1. Members of the Council, Presidents of the Association, and Presi¬ 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the poblication of Works or Papers have fur¬ 
thered the advancement of those subjects which are taken into considera¬ 
tion at the Sectional Meetings of the Association, With a view of stib~ 
mitting new claims under this Rule to the decision of the Council, they must 
be sent to the Secretary at least one month before the Meeting of the 
Associatimi, The decision of the Council on the claims of any Member of 
the Association to be placed on the list of the Oeneral Committee to he final. 

Class B. Temporary Members. 

1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained.^ Claims under this Buie to he sent to the 
Secretary before the opening of the Meeting, 

2. Office-bearers for the time being, or delegates, altogether not ex¬ 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims imder this Rule to he approved by the Local Secretaries 
before ifbe opening of the Meeting, 

8, Foreigners and other individuals whose assistance is desired, and 
who are specially hominated in wi-iting, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 

Organizing Sectional Committees,^ 

The Presidents, Vico-Presidents, and Secretaries of the several Sec¬ 
tions are nominated by the Council, and have power to act until their 
names are submitted to the General Committee for election. 

From the time of their nomination they constitute Organissing Com¬ 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,® and of preparing Reports 
thereon, and on the order in which it is desirable that they should be 
read, to be presented to the Committees of the Sections at their first 

* Eevised by the General Committee, 1884. 

® Passed by the General Committee, Edinburgh, 1871. 

* JSfotioe to Contrihntm^s of -Authors are reminded that, under an 

arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
they are to be read, are now as far as possible determined by Organising Committees 
for the several Sections hefora the hyinnmg of the Meeting, It has therefore become 
necessary, in order to give axi opportunity to the Committees of doing justice to the 
several Communications, that each Author should prepare an Abstract of his, Memoir, 
of a length suitable for insertion in tlie published Transactions of the Association, 
and that he should send it, together with the original Memoir, by book-post, on or 
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meeting* The Sectional Presidents of former years are ex officio memberR 
of the Organizing Sectional Committees.^ 

An Organizing Committee may also hold such preliminary mootings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
11 A.M,, to nominate the first members of the Sectional Commitieo, if 
they shall consider it expedient to do so, and to settle the terms of their 
report to the General Committee, after which their functions as an 
Organizing Committee shall cease. ^ 

Constitution of the Sectional Committees.'^ 

On the first day of the Annual Meeting, the President, Yice-Pi’esi- 
dents, and Secretaries of each Section having been appointed by the 
General Committee, these Officers, and those previous Presidents and 
Vice-Presidents of the Section who may deshe to attend, are to meet, at 
2 P.M., in their Committee Booms, and enlarge the Sectional Committees 
by selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. The Sec¬ 
tional Committees thus constituted shall have power to add to their 
number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 A.M. on the next day in the Journal of 
the Sectional Proceedings. 

Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday at 2 p.m., on the 
following Thursday, Friday, Saturday,^ Monday, and Tuesday, from 10 to 
11 A.M., punctually, for the objects stated in the Buies of the Association, 
and specified below. 

The business is to be conducted in the following manner:— 

1. The President shall call on the Secretary to read the minutes of 
the previous Meeting of the Committee. 

% No paper shall be read until it has been formally accepted by iho 
Committee of the Section, and entered on the minutes accord- 
ingiy. 

3. Papers which have been reported on mifavourably by the Organiz¬ 
ing Committees sball not be brought before the Se<d/ional 
Committees.® 

At the first meeting, one of the Secretaries will read the MinutcfS of 
last year’s proceedings, as recorded in the Iviinute-Book, and tlio Bynopnis 

before.... addressed thus—< General Secretaries, Brit ish Asstjcla- 

tion, 2^ Albemarle Street, London, W. For Section .* If it should bo incon¬ 

venient to the Author that his paper should be read on any particular days, hcj is 
requested to send information thereof to the Secretaries in a separate not.e* Auilaors 
who send in their MSS. three complete weeks before the Meeting, and whose papers 
are accepted, will be furnished, before the Meeting, with printed copies of their 
Heports and Abstracts. No Eeport-, Paper, or Abstract can be inserted in the Annual 
Tolume unless it is handed either to the Booorder of the Seciion or to the Secretary, 
lefvre the eonohosUm of the Meeting, 

^ Added by the General Committee, Sheffield, ] 87th 

^ Bevised by the General Committee, Swansea, 1880. 

* Passed by the General Committee, Edinburgh, 1871. 

^ The meeting on Saturday was made optional by the Gonaral Committee at 
Southport, 1883. 

^ These rules were adopted by the General Committee, Plymouth, 1877. 





liULES OF THE ASSOCIATION. 


XXVII 


of Ejecommendations adopted at tbe last Meeting of tbe Association and 
printed in tlie last volume of the Transactions. He will next proceed to 
read the Eepoi’t of tlie Organizing Committee.^ The list of Communi¬ 
cations to be read on Thursday shall be then arranged, and the general 
diwstribution of business thronghont the week shall be provisionally ap¬ 
pointed, At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 a.m. on Thursday in 
the Journal. 

On tlie second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, the list of papers^ 
which have been I'ead on that day, to add to it a list of those appointed 
to be read on the next clay, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 a.m. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Becorder) should calP 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs road in the Sections are to he entered 
in the Minute-Book daily, which, with all Memoirs and Oopios or Abstracts 
of Memoirs fuTHi'^hed by AtUliors^ are to bo forwanhd, at the close of the See-- 
tional Meetings^ to the Secretary. 

Tho Vice-Presidents and Secretaries of Sections become ex officio tern- 
poraryMombers of the General Committee {Me p. xxv), and will receive, 
on application to tho Treasui*er in. tho Reception Room, Tickets entitling 
them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association and the com¬ 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may bo usefully directed, and branches of knowledge on tho state 
and progress of which Reports are wanted; to name individuals or Com* 
mittees for the execution of such Reports or researches; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of tho funds of the Association, by application to> 
Government, Philosophical Institutions, or Local Authorities, 

In case of appointment of Committees for special objects of Science,, 
it is expedient tlnit all Members of the Oorwdttee should he named, and 
one of them appointed to act as Secretary, for insuring attention to business, 

dommitteos have power to add to their number persons whose assist¬ 
ance they may require. 

The recommendations adopted by the Committees of Sections are to- 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Secretary for presentation 
to the Committee of Recommendations. Unless this ha done, the 
mendations cannot receive the sanction of the Association, 

N,B, —Recommendations which may originate in any one of the Sec-, 
tions must first be sanctioned by the OommiUee of that Section before they 

* This and the following sentence were added by the General Committee, 18Tb 
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oaa be referred to the Committee of Recommendations or confirmed by 
the General Committee. 

The Committees of the Sections shall ascertain whether Report has 
been made by every Committee appointed at the previous Meeting to whom 
a sum of money has been granted, and shall report to the Committee of 
Recommendations in every case where no such Report has been received.* 

Notices regarding Grants of Money. 

Committees and individuals, to whom grants of money have boon 
entrusted by the Association for the prosecution of particular researches 
in science, are required to present to each following Meeting of the 
Association a Report of the progress which has been made; and the 
Individual or the Member first named of a Committee to whom a money 
grant has been made must (previously to the next Meeting of the Associa¬ 
tion) forward to the General Secretaries or Treasurer a statement of the 
sums which have been expended, and the balance which remains dispos¬ 
able on each grant. 

Grants of money sanctioned at any one Meeting of the Association 
expire a week before the opening of the ensuing Meeting; nor is the 
Treasurer authorized, after that date, to allow any claims on account of 
such grants, unless they he renewed in the original or a modified form by 
the General Committee. 

ITo Committee shall raise money in the name or under the auspices of 
the British Association without special permission from the General Com¬ 
mittee to do so; and no money so raised shall he expended except in 
.accordance with the rules of the Association. 

In each Committee, the Member first named is the only person entitled 
to call on the Treasurer, Professor A. W. Williamson, University College, 
London, W.C., for such portion of the sums granted as may from time to 
time he required. 

In grants of money to Committees, the Association does nofc contem¬ 
plate the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the con¬ 
tinuation of Researches at the cost of the Association, the sura named is 
4eemed to include, as a part of the amount, whatever balance may remain 
unpaid on the former grant for the same object. 

All Instruments, Papers, Di’awings, and other propex^ty of the Associa¬ 
tion are to be deposited at the Office of the Association, 22 Albemarle 
Street, Piccadilly, London, W,, when not employed in carrying on scien¬ 
tific inquiries for the Association, 

Business of the Sections. 

The Meeting Room of each Section is opened for conversation from 
10 to 11 daily. The Section Mooms and approaches thereto can ha used for 
no notices^ exhibitions^ or other purposes than those of the Association. 

At 11 precisely the Chair will be taken,^ and the reading of communi¬ 
cations, in the order previously made public, commenced. At 3 f;m. the 
^Sections will close. 

, Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 

* Passed by the General Committee at Sheffield, 1879. 

® The meeting on Saturday may begin, if desired by the Committee, at any time not 
‘earlier than 10 or later than 11. Passed by the Goneral Committee at Southport, 1888# 
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A Report presented to the Association, and read to the Section which 
originally called for it, may he read in another Section, at the request of 
the Officci^s of that Section, with the consent of the Author. 

Didies of the. Doorheeper^^, 

1. —To remain constantly at the Boors of the Rooms to whioh they are 

appointed during the whole time for which they are engaged. 

2. —To require of every person desirous of entering the Rooms the ex¬ 

hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 

Ticket, signed by the Treasurer, or a Special Ticket signed by the 

Secretary. 

3. —Persons unprovided with any of these Tickets can only be admitted 

to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the programme, p. 1. 

Duties of the Messengers, 

To remain constantly at the Rooms to which they are appointed, dur¬ 
ing the whole time for which they are engaged, except when employed on 
messages hy one of the Officers directing these Rooms. 

Committee of Recommendations, 

The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the Goneml Committee the measures which 
they would advise to he adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re¬ 
searches, and Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations, 

Gomsponding Societies} 

(1.) Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga¬ 
tions, and publishes notices of the results. 

(2.) Applications may be made by any Society to be placed on the 
List of Corresponding Societies. Application must be addressed to the 
Secretary on or before the 1st of June preceding the Annual Meeting at 
which it is intended they should be considered, and must be accompanied 
by specimens of the publications of the results of the local scientific 
investigations recently undertaken by the Society. 

(3.) A Corresponding Societies Committee shall he annually nomi¬ 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the prepai^ation of a list of the papers 
published hy them. This Committee shall make an annual report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

(4.) Every Corresponding Society shall return each year, on or 
before the 1st of June, to the Secretary of the Association, a sohedtulef 
* Passed by the Genoral Committee, 1B84. 
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properly filled up, wliicli will be issued by the Secretaiy of tlie Avssocia- 
tion, and which will contain a request for such particulars with regard to 
the Society as may be required for the information of tlie ’ Oorresponding 
Societies Committee. 

(5.) Thei’c shall be insei'fcod in the Annual Eoport of the Association 
a list, in an abbreviated form, of the papers publishod by the (.Corre¬ 
sponding Societies during the past twelve months which contain the 
results of the local soientitio work conducted by them ; those papex\s only 
being included which refer to subjects coming under the cognizance of 
one 01 ’ other of the various Sections of the Association. 

(6.) A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Member of the Association, as its dele¬ 
gate to the Annual Meeting of the Association, who shall bo for the time 
a Member of the General Committee. 

Conference of Delegates of Corresponding Societies. 

(7.) The Delegates of the various Corresponding Societies shall con¬ 
stitute a Conference, of which the Chairman, Vice-Clhairmen, and Secre¬ 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the Corresponding 
Societies Committee shall be ex oifoio members. 

(8.) The Conference of Delegates shall be summoned by the Secretaries 
to hold on© or more meetings during each Annual Meeting of the Associa¬ 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. ^ 

(90 The Secretaries of each Section shall be instructed to transmit to 
the Secretaries of the Conference of Delegates copies of any recommenda¬ 
tions forwarded by the Presidents of Sections to the Committee of Ko- 
'oomraendations hearing upon matters in which the co-operation of 
Corresponding Societies is desired; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have ihem 
carried into effect. 

(10.) It will be the duty of the Delegates to make ihcrasolves fatniltaa* 
with the purport of the several recommendations brought before the Confer¬ 
ence, in order that they and others who take part in the mcetirigH may bo 
able to bring those recommendations clearly and favourably hoibre timir 
respective Societies. The Conference may also discuss propositiouH bear¬ 
ing on the promotion of more systematic observation and plans o(’ opom- 
tion, and of greater uniformity in the mode of publisliing results. 

Local Committees* 

Local Committees shall be formed by the OiBficers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire, 

Officers* 

A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 



RULES OF THE ASSOCIA.TION. 


XXXI 


CovAiciL 

111 ilic intervK'xls of tlie Meetings, tlie affairs of tlie Association shall 
be managed by a Oonncil appointed by the General Committee, The 
Council may also assemble for the despatch of business during the week 
of the Meeting, 

Papers and Commiinicaiions. 

The Author of any paper or communication shall be at liberty to 
Tcserye his right of property therein. 

Accoiiuts. 

The Accounts of the Association shall be audited annually, by Auditors 
..appointed by the General Committee. 
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PKESIDENTS AND SEOEETAEIES OF THE SECTIONS. xxxix 


Presidents and Secretaries of the Sections of the Association. 


Date and Placo Presidents Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMMITTEE OF SCIENCES, 1.—MATHEMATICS AND GENERAL PHYSICS. 

1832. Oxford. Davies Gilbert, D.C.L.,F.E.S. Rev. H. Coddiugton. 

1833. Cambridge Sir D. Brewster, F.R.S. Prof, Forbes. 

1834. Edinburgh Rev. W. Wliovvell, P.B.S. Prof. Forbes, Prof. Lloyd. 


SECTION A.—MATHEMATICS AND PHYSICS. 

1835. Dublin. Rev. Dr. Robinson .. I*rof. >Sir W. R. Hamilton, Prof. 

Wheatstone. 

]83(]. Brisiol. Rev.William Wliowcll,F.H.S. Prof. Forbes, W. S. Harris, F. W. 

Jerrard. 

1837. Liverpool... Sir D. Brewster, F.E.S. W. S. Harris, Rev. Prof. Powell, 

Prof. Stevelly. 

1838. Newcaslle Sir J. F. W. Herschel, Bart., Rov. ?i*of. Chcvallier, Major Sabine, 

F.R.S. Prof. Stevelly. 

1830. Itirmingliam Pvov. Prof. Wliewell, F.R.S.... 3. D, Chance, W. Snow Harris, Prof. 

Stevelly. 

1840. Glasgow ... Prof. Forbes, F.R.S..Rev. Dr. Forbes, Prof. Stevelly, 

Arch. Smith. 

1841. Plymouth Rev. Prof. Lloyd, F.R.S. Prof. Stevelly. 

1842. Manchester Very Rev, Cl. Peacock, D.D., Prof. McCulloch, Prof. Stevelly, Rev. 

F.R.S. W. Scoresby. 

1843. Cork. Prof. McCulloch, M.R.LA. ... J. Hott, Prof. Stevelly. 

1844. York,.. The Earl of Rosse, F.R.S. ... Rev. Wm. Hey, Prof. Stevolly. 

1845. Cambridge The Very Rov. the Dean of Rev. H, Goodwin, Prof. Stevelly, G. 

Ety. Q. Stokes. 

1846. Soiitbamp- Sir John F. W. Hcrscbel, John Drew, Dr. Stevelly, G, G 

ton. Bart., F.R.S. Stokes. 

1847. Oxford. Rev. Prof. Powell, M.A., Rev. H. Price, Prof. Stevelly, G, G. 

F.R.S. Stok<\s. 

1848. Swansea ... fjord Wrotieslcy, F.R.S.Dr. Stevelly, G. G. Stokes, 

184().Bh*niingbam William Hopkins, F.R.S....... I*rof. St evelly, G. G. Stokes, W. 

XUdout Wills. 

1850. Edinburgb Prof. J. D. Forbes, If.R.S., W..LMacqiu>rnRankine,Prof.Smylh, 

See. H.S.E, I’rof. SI evelly, Prof. G. G, Stokes. 

1851. IpBwioh ... Rev. W. Whewoll, D.D., S, Jackson, W. J.Maoqiiorn Rankine, 

F.R.S. Pi’of. Stevelly, Prof. G. G. Stokes. 

1852. Belfast...... Prof. W. Thomson, M.A., Prof, Dixon, W. J. Macqxiorn llau- 

F.R.H, L. k E. kine, Prof. Stevelly, J. Tyndall. 

1853. Hull. The Very Rev. the Dean of B. Blaydes Haworth, J. D. Sollitt, 

Ely, F.R.S. Prof. Stevelly, J. Welfcih. 

1854. Liverpool... Prof, (h G. Stokes, M.A., Sec. J. Hartnup, H. G. Fnokle, Prof. 

R.S. Stovclly, J. Tyndall, J. Welsh. 

1855. Glasgow ... Rev. Prof. Kelland, M.A., Rev, Dr.Forbes, Prof.D.Gray, Prof. 

F.R.S. L. k K. Tyndall. 

1856. Cheltenham Bev. E. Walker, M.A., F.R.S. 0, Brooke, Rev, T. A. Southwood, 

Prof. Stevolly, Rev. J. C. Turnbull. 

1857. Dublin. Bov. T. R. Robinson, D.D., Prof. Curtis, Prof. Hennessy, P. A. 

F.B,B., M.B.I.A, Kinnis, W. J. Macquorn Bankine, 

Prof. Stevelly, 

1858. Leeds . Rev. W. Whowell, D.D., Rev. S. Eamshaw, J. P. Hennessy, 

V.P.E.B. Prof. Stevelly, H. J.S,Smith, l^of 

Tyndall, 













xl 


RBPOKT— 1884. 


Date and Place Presidents Secretaries 


1869* Aberdeen.., The Earl of Kosse, M*A., K,P., J* P. Ilcnnessy, Prof. Maxwell, H* 
F.liS. J. S. Smith, Prof, Stev<^lly, 

I860* Oxford. Eev. B. Price, M.A., E.R.S.... Rev. G. C. Bell, Kev* T. Rennison, 

Prof. Btcvelly. 

1861* Manchester G. B, Airy, M.A., B.O.L., Prof. R. B. Clifton, Prof* H. J, S. 
F.R.S, Smith, Prof. Slovelly. 

1862. Cambridge Prof. G. G, Stokes, M*A., Prof. R. B. Clifton, Prof, H, J. 8, 

F.R.S. Smith, Prof, Stcvclly. 

1863. Newcastle Prof.W. J. MacqiiornBankine, Rcv.N.Forrcrs,Prof.Fuller,F.Jenkin, 

C.E., F,R.S. Prof. Stevelly, Rev. 0. T. Whitley, 

1864. Bath.Prof. Cayley, M.A., F.R.S., Prof. Fuller, F. Jonkin, Rev. G. 

F.R.A.S. Buckle, Prof, Stevelly. 

J 866* Birmingham W. Spottiswoode,M.A.,F.R.S., Rev. T. N* Hutchinson, *F. Jonkin, G, 
F.R.A.S. S. Mathews, Prof. H. J. S. vSmith, 

J. M. Wilson. 

1866* Nottingham Prof. Wheatstone, D.C.L., Plceming Jenkin, Prof. H.J.S.Smith, 
F.R.S. Rev. S. N. Swann. 

1867. Dundee ... Prof. Sir W. Thomson, D.C.L., Rev. G. Buckle, Prof. G. C. Foster, 

F.E.S. Prof. Fuller, Prof. Swan. 

1868. Norwich ... Prof. J. Tyndall, LL.D., Prof. G. 0. Foster, Rev. R. Harley, 

F.R.S. R. B. Hayward. 

1869. Exeter.Prof. J. J. Sylvester, LL.D., Prof. G. C. Foster, 11. B. Hayward, 

F.R.S. W. K. Clitford. 

1870. Liverpool... J. Clerk Maxwell, M.A,, Prof. W. G. Adams, W. K. Clitford, 

LL.D., F.R.S. Prof, G. C. Foster, Rev. W. Alien 

Whitworth. 

1871. Edinburgh Prof. P, G. Tait, F.R.S.E. ... Prof. W. G. Adams, J. T. lh)tlomley, 

Prof. W. K. Clitford, Prof. .J. D* 
Everett., Rev. R. Harley. 

1872. Brighton... W. De La Rue, D.O.L., F.R.S. Prof.W.K.Clitfbrd,J. W.L.Glaisher, 

Prof. A. S. Horschcl, < r. F. Rodwid 1. 

1873. Bradford... Prof. H. J. S. Smith, F.R.S. Prof.W. K. Clifford, l»V(vf. Forbes, J. 

W.L. G laisher, Prof. A, S. Herschcl* 

1874. Belfast. Rev. Prof. J. H. Jellett, M.A., J. W. L. (Haisher, Prof. Herschel, 

M.R.I.A. Randal Nixon, J, Perry, G, F. 

Rod well 

1876. Bristol...... Prof. Balfour Stewart, M.A., Prof. W. F. Barrett-,,T.W.L.0laisher, 

LL.D., F.R.S. a T. Hudnon, G. F. Rodwoll. 

1876. Glasgow ... Prof. Sir W. Thomson, M.A., Prof. W, F. Barrett, J. T. Boltomhiy, 

D.G.L., F.B.S. Prof. (L Forbes, J. W. L. Glaislior, 

T. Muir. 

1877. Plymouth... Prof.G.C.Foster,B.A.,F.R.S., Prof.W.F. BavreitMl.T. Bottomloy, 

Pres. Physical Soc. J. W. L. Glsusher, F. G. Lautlon, 

1878. Dublin. Rev. Prof. Salmon, B.D., Prof. J. Ca.Ht‘y, G. F. Fitsjgcu’ahl, J, 

B.C.L., F.R.S. W, J., Gla-isher, t)r. (K ,h 

1879. Sheffield ... George Johnstone Stouey, A. H. Alloti, J, W. L, GlalHfu^r, Dr, 

M.A., P.R.a 0, J. J/idge, 1). MnoAllster. 

1880. Swansea ... Prof. W, Grylls Adams, M.A., W. E. Ayrton, J. W. fi. Glainhor, 

F,R.S. Br. 0. J. Lodge, I). MacAlistcr. 

1881. York. Prof. Sir W. Thomson, M.A., Prof.W. E.Ayrton,Prof. O.J. Lodge, 

LL.B., B.C.L., F.B.S. B. MacAlistor, Bov. W. Houfch. 

1882. Southamp- Rt. Hon. Prof. Lord Rayleigh, W. M, Kicks, Prof. 0. J. Lodge, 

ton. M.A,, F.R.S. D. MacAlister, Rev. G. Richardson* 

1883. Southport Prof,O.Henrioi,Ph.B.,F,R.S., W. M. Hicks, Prof. 0. J. Lodge, 

B. MacAlister, Prof. E. 0. Rowe. 

1884. Montreal... Prof. Sir W. Thomson, M.A., 0. Omiunael, W. M. Hicks, Prof, A. 

LL.B,, B.C.L,, F.R,S Johnson, Prof. 0, J. Lodge, Br* D. 

1 MacAlister. 










PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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CHEMICAL SCIENCE. 


COMMITTEE OF SCIENCES, II.—CHEMISTRY, MINERALOGY. 


Date and Place 

Presidents 

Secretaries 

1832. 

1833. 

1834. 

Oxford. 

Cambridge 

Edinburgh 

John Dalton, D.C.L., F.R.S. 
John Dalton, D.C.L., F.R.S, 
Dr. Hope... 

James F. W. Johnston. 

Prof. Miller. 

Mr. Johnston, Dr Ghristison. 


SECTION B.—CHEMISTRY AND MINERALOGY. 

1835. Dublin. Dr. T. Thomson, F.R.S.Dr. Apjohn, Prof. Johnston. 

1836. Bristol. Rev. Prof. Gumming .Dr. Apjohn, Dr. G. Henry, \V. Hera- 

path. 

1837. Liverpool... Michael Faraday, P.R.S.Prof. Johnston, ProE. Miller, Dr. 

Reynolds. 

1838. Newcastle Rev. Wi lliam Whewell,F,R.S. Prof. Miller, H. L. Pattinson, Thomas 

Richardson. 

1839. Birmingham Prof. T. Graham, B\R.S.Dr. Golding Bird, Dr. J. B. Melson. 

1840. Glasgow ... Dr, Thomas Thom.son, F.R.S. Dr. R. D. Thomson, Dr. T. Glarh, 

Dr. L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S.J. Pridcaux, Robert Hunt, W. M. 

Tweedy. 

1842. Manchester John Dalton, D.G.L., F.R.S, Dr. L. Playfair, R. Hunt, J, Graham. 

1843. Cork. Prof. Apjohn, M.R.I.A.. B. Hunt, Dr. Sweeny. 

1844. York. Prof. T, Graham, F.R,S. Dr. L,Playfair, E, Solly,T.H.Barker. 

1846. Cambridge Rev. Prof. Gumming .R. Hunt, J. P. Joule, Prof. Miller, 

E. Solly. 

1846. Southamp- Micbaol Faraday, D.O.L., Dr. Miller, R. Hunt, W. Randall. 

ton F.R.S. 

1847. Oxford...... Rev. W. V. Haroourt, M.A., B. 0. Brodie, R. Hunt, Prof. Solly, 

F.R.S. 

1848. Swansea ... Richard Phillips, F.R.S.T. H. Henry, R. Hunt, T. Williams. 

1849. Birmingham John Percy, M.D., F.R.S.R. Hunt, G. Shaw. 

1850. Edinburgh Dr. Ghristison, V.P.R.S.E. Dr. Anderson, R. Hunt, Dr. Wilson. 


1861. Ipswich ... Prof. Tliomas Graham, F,R.S. T. J. Pearsall, W. S. Ward. 

1852, Belfast. Thomas Andrews,M.D.,F.R,S, Dr. Gladstone, Prof, Hodges, Prof. 

Ronalds. 

1853. Hull. Prof. J.F. W. Johnston, M.A., H. S. Blundell, Prof. R. Hunt,T. J. 

F.li.S. Pearsall. 


1854. Liverpool Prof.W. A.Miller, M.D.,F.R.S. Dr.Edwards,Dr.Gladstone, Dr.Price. 
1866, Glasgow ... Dr. Lyon Play fair,O.B.,F.R.S. Prof. Frankland, Dr. H. E. Roscoe. 
1866, Cheltenham Prof. B, 0. Brodie, F.R.S. ... J. Horsley, P. J. Worsley, Prof. 

Voelcker. 

1857. Dublin..,.., l^rof, Apjohn, M.D., F.R.S., Dr, Davy, Dr. Gladstone, Prof. Sul- 

M.E.LA. livan. 

1858. Leeds . Sir J. F. W. Hcrschel, Bart., Dr. Gladstone, W. Odling, B. Rey- 

D.O.L. nolds. 

1869, Aberdeen... Dr.LyonPlayfair,aB.,F.R.S. J. S. Brazier, Dr. Gladstone, G. D. 

Liveing, Dr. Odling. 

1860. Oxford.Prof.B, 0. Brodie, F.R.S.. A. Vernon Harcourt, G. D. Liveing* 

A. B. Northcote. 

1861. Manchester Prof. W.A.Miller, M.D.,F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1862. Cambridge Prof.W.A.Millcr,M.D.,F.R.S. H. W, Elphinstone, W. Odling, Prof. 

Roscoe. 

1863. Newcastle Dr. Alex, W, Williamson, Prof. Liveing, H. L. Pattinson, J, 0, 

l!\R.S- Stevenson. 

1864. Bath. W.Odling, M.B.,F.R.S.,F.C.S. A,V.Harcourt,Prof.Liveing,R.Biggs. 

1866. Birmingham Prof. W. A. Miller, M,D., A. V. Harcoxirt, H. Adkins, Prof; 

V.P.R.B. Wankiyn, A. Winkler Wills. 
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KEPOfiT— 1884. 


Date and Place 

Presidents 

1866. Nottingham 

H. Bence Jones, M.D., F.R.S, 

1867. Dundee ... 

Prof. T. Anderson, M.B., 
F.1L8.15, 

1868. Norwich ... 

Prof. F. Frankland, F.R.S., 

F.O.S. 

1869. Exeter. 

Dr.H. Debus, F.R.S,, F.G.S. 

1870. Liverpool... 

Prof. H. E. Eoscoe, B.A., 
F.R.S., P.C.S. 

1871. Edinburgh 

Prof, T. Andrews, M.D., F.R.S. 

1872. Brighton... 

Dr. J. H. Gladstone, F-E-S.... 

1873. Bradford... 

Prof. W. J. Russell, F.R.S.... 

1874. Belfast. 

Prof. A. Crum Brown, M.D., 
F.E.S.E., F.O.B, 

A. G. Vernon Harcourt, M.A., 
F.R.S., F.C.S. 

1875. Bristol. 

1876. Glasgow ... 

W, H. Perkin, F.R.S. 

1877, Plymouth... 

F. A. Abel, F,R.S., F.C.S. ... 

1878. Dublin.. 

Prof. Maxwell Simpson, M.D., 
F.R.S., F.C.S. 

1879. Sheffield ... 

Prof. Dewar, M.A., F.R.S. 

1880. Swansea ... 

Joseph Henry Gilbert, Ph.D., 
F.R.S. 

1881. York. 

Prof. A. W. Williamson, Ph.D 
F.B.S. 

1882, Southamp¬ 

Prof. G. D, Liveing', M.A., 

ton, 

F.R.S. 

1883. Southport 

Dr. J. H. Gladstone, F.R.S... 

1884. Montreal... 

Prof. Sir H. K. Roscoe, Ph.D., 
LL.D„ F.R.S. 


Secret aricK 


J. H. Atliciitnn, Pref. Livoui|.*‘, W. J. 
lliis.se]], ,r. White. 

A. Oritm JSmwn, i^rof. 0.1). J/ivein^', 
W. J. JUissell. 

Br. A. Cnini Jirown, Dr. W* J. Utis- 
sell, F. JiaLion. 

Prof. A. Cnm Brown, Dr. W. J. 
Kuiisell, Dr. Atkin.son. 

ProL*. A. Crann Brown, A. B. Fletcher, 
Dr. Vf, J. Bussell 

J. T. Biichamii, W. N. Hart]e)% T, 
IS. Thorpe. 

Dr. Mills, Vf. Cliandler Boherls, Dr. 
W. J. Uuasscll, Dr. T. Wood. 

Dr. Armstrong;, Dr. Mills, W. Uhaiid- 
Jer Bohrrta, Dr. Tliorpe. 

Dr. T. Oninst oiin (Iharles, W. ClianiD 
Icr Ilnheria, Prof. Tliorpe. 

Dr. H. D. Amslrong, W. ChatKlku’ 
Kobe its, W. A. Til don. 

W. Dittmar, W. Chandler Roberts, 
J. M. Xlioiirjson, W. A. Tildoii. 

Dr. Oxlaid, Vf. Chandler Roberts, 
J. M, Tlnomson. 

W, Obandlci Roberta, J. M. Tluun- 
son, Dr. 0. li Tichborne, T. Wills, 

H. 8. Bell, W. Cliandlor Roborls, J. 
M. Thomson. 

H. B, Dixon, Dr. W. 11 Baton Kodji;*- 
kinaon, P, Phillips Bodsou, ,f. M. 
Tliomaoii, 

P. Phniips Bwlsoii, n. B. Dixon, 
T. Goiiji’li, 

P. Ithllips BiM.son, TI. B, Dixon, 
J. h, Netier. 

Prop. P. Phillips ilslsun, 11. B, 
Dixon, !1, hVirsUa* Ahtrle^y. 

Prof. P. Philli|].s Bedson, il. II Dixon, 
T. MoFarlaiii!, Prof. W, H. i’ikns 


GEOLOGICAL (ato. uktii, 1851, GEOGIUPmOA L) SCIIWOK, 

COMMirm OT SOlENOf'JS, ITL—OEObOUy AKl) CniinrjKAPUf. 

1832. Oxford. E, 1. Murohisou, F.U.8.John Taylor. 

1833. Cambridge, D. B. Greenough, F.R.iS. W. liOiisdaUp dtihri Phitlips, 

183i. Bdinburgh. Prof. Jameson . Prof. Pliillipis, T. Jameson Torria, 

Rev, J. 


SECTION C.—GEOLOGY AND GWOGRAPItr. 


1835. Dublin. 

1838. Bristol. 

1837. Liveipool... 

1838. ITewcastle.. 


E. J. Griffith. 

Rev. Dr. Buokland, P.K.S.— 
(^ea{jfrajj7iy,ll. 1. Murchison, 
F.R.S. 

Rev. Prof. Sedgwick, F.R.S,— 
G.B.Greenough, 

F.R.S, 


a Lyell, F,R.S., T.P.G.S.- 
Beogmphj^ Lord Prudhope, 


Captain Portlock, T. J, Torrio. 
William Simdcrf?, S, Stutclibury,. 
T. J. Torrio, 

Captain Portlocit, R, Hunter,-— 
ympkp. Captain H, M. Denham, 
E,N. 

W. 0. TrcYaljau,, Capt. Portlock.^ - 
Oapt. washingtorL 
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Date and Place rrcsidenls Secretaries 


1839. Dixmlngham Rev. Dr. Buckland, F.R.S.— George Lloyd, M.D., H. E, Stiick- 

^r'm/mjW/t2^,G.B.Gtceiiotigli, land, Charles Darwin. 

F.R.S. 

1840. Glasgow ... Charles Lyell, F.R.S.— Gih)- W. J. Hamilton, D. Milne, Hugh 

ffraj)hy, G. B. Greenotigh, Murray, H. E. Strichland, John 
ILll.S. Secular, M.D. 

1841. Plymouth... H. T. De la Eeche, F.R.S. ... W.J. Hamilton,Edward Moore, M.D,, 

R. Hutton. 

1842. Manchester R. I. Murchison, E.R.S.E. W. lUnney, R. Hutton, Dr, R. 

Lloyd, H. E, Strichland. 

1843. Cork. Richard E. GrilHlh, B\R.S., Francis M. Jennings, H. E, Strick- 

M.R.I.A. land. 

1844. York. Henry Warburton, M.P.,Pres.;Prof. Ansted, E. H. Bunbury. 

Gcol. Soc. 

1845. Cambridge. Rev. Prof. Sedgwick, M.A,, Rev. .L C, Cumming, A. C. Ramsay, 

F.R.S. Rev, W. Thorp. 

1846. Boiithamp- Leonard Horner,B\R.S.— dco- Robert A. Austen, Dr, J. H. Norton, 

ton. ix, B. (Jrcenougb, Prof. Oldham.— OwgraphUyDi:, 0. 

F.R.S. T, Beke. 

1847. Oxford. Very Rov.Dr.Biickland,lf.R,S. Prof. Austed, Prof. Oldham, A. C. 

Ramsay, J. Ruskiii, 

1848. Bwansoa ... Sir PT. T. De la Bcche, C.B., Starling Benson, Prof, Oldliam, 

F.R.S. Prof. Raaisay, 

1849. Bint,iinghain Sir Charles Lyell, F.R.S., J. Bcete Jukes, Prof. Oldham, Prof, 

F.(LS. A. 0. Ramsay. 

1850. Fidlnburgh* Sir Roderick I, Murchison, A. Keith Johnston, Hugh Miller, 

F.R.S. Prof. Nicol, 

SECTION c {coniin%(.ed). —GEOLOGY. 

1861. Ipswich ... WilliattiHopkiuSjM.A.jF.R.S. 0. J. F. Bunbury, G. W. Ormcrod, 

Beaiies W'ood. 

1862. Belfast. Lieut.*Col. PoiTlock, R.E., James Bryce, James MacAdam, 

FJI.S. Prof. M‘Ooy, Prof. Nicol. 

1853. Hull. Prof. Sedgwick, F.R.S. Prof. ITarkness, William Lawton. 

1864. Liverpool.. Prof, Edward Forbes, F.R.S. John Cumiingbam, Prof, Harkness, 

G. W. Ormcrod, J. W. Woodall. 

1855* Glasgow ... Sir R. T. Murchison, F.R.S.... James Bryce, Prof. Hiirkness, Prof, 

Nicol, 

1856. CTieltenham Prof. A. 0. Raimsay, F.R.kS..,, Rov. P. B. Brodie, Bev. R. Hep- 

worth, Eldward PML J. Soongall, 
T. Wright. 

1867. Dublin. The Lord Talbot do Malahido Pi'of. Harkness, Gilbert Sanders,. 

Robert H. Scott. 

1868. Leeds . William Hopkins,M.A.,LL.D., Prof. Nicol, H. C. Sorby, E. WL 

F.R.S. Shaw. 

1861). Aberdeen... Sir Charles Lyell, LL.D., Prof. Harkness, Rev. J, Longmuir, 
D.C.L., F.R.S. . H. C. Sorby. 

1860. Oxford. Rov, Prof. Sedgwick, LL.D,, Prof. Harkness, Edward Hull, Capt. 

F.R.S., F.G.S. D. 0. L. Woodall 

1861. Manchester Sir R. L Murchison, D.C.L., Prof. Harkness, Edward Hull, T. 

LL.D., F.R.S. Rupert Jones, G. W. Oimerod. 

1862. Cambridge J. Becte Jukes, M.A., F.R.S. Lucas Barrett, Prof. lb Rupert 

Jones, H. 0. Sorby. 

1863. Newcastle Prof. Warington W. Smyth, E. F. Boyd, John Daglish, H* 0*. 

F.R.8., F.G.S* Sorby, Thomas Sopwith. 

* At a meeting of the General Committee held in 1850, it was resolved •That 
the subject of Geography be separated from Geology and combined with Ethnology,, 
to. constitute a separate Section, under the title o£ the « Geographical^ and FithnOf 
logical Section,’’ ’ for Presidents and Secretaries of which see page xlriii 
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Date and Place 

1864 Bath. 

1865. Birmingham 
1806. Nottingham 
3867. Dundee ... 
3 868. Norwich ... 

1869. Exeter. 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

1873. Bradford... 

1874. Belfast. 

1876, Bristol. 

1876. G-lasgow ... 

1877. Plymouth... 

1878. Dublin. 

1879. Sheffield ... 

1880. Swansea ... 

1881. York. 

1882. )Southamp- 

ton. 

1883. Southport 
18fe4. Montreal 


Presidents 


Prof. J. Phillip.s, LL.D., 
F.R.S., F.(hS. 

Sir R. I. Murchison, Bart., 
K.O.B. 

Prof. A. C. Ramsay. LL.D., 
F.R.S. 

Archibald Geikic, B’.R.S., 

F.G.S. 

R. A. C. God win-Austen, 
F.R.S., F.a.S. 

Prof. R. Harkness, F.R.S., 
F.G.S. 

Sir Philip dc M.Grey Bgcrion, 
Bari,, M.P., F.R.S. 

Prof. A. Geikie,F.R.S., F.G.S. 

R. A. C. God win-Austen, 
F.R.S. 

Prof. J. Phillips, D.C.L., 
F.E.S., F.G.S. 

Prof. Hull, M.A., F.R.S., 
F.G.S. 

Dr. Thomas Wright, P'.R.S.B., 
F.G.S. 

Prof, John Young, M.D. 

W. Pengelly, F.R.S. 

John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S. 

Prof.P. Martin Duncan, M.B., 
F.E.S,, F.G.S. 

H. C. Sorby, LL.D., P.R.S., 

F.as, 

!a. C. Ramsay, LI^.D., F.R.S., 
F.G.S. 

R. Elh^ridgc, F.R.S,, F.G.S. 

Prof. W. 0. Williamson, 
LL.D., F.R.S. 

W. T. Blanford, F.B.S., Stic. 

I G.S. 


Si’cretarios 


W. B. Dawkins, J, H, t’. 

Sorl>y, W. P<mgelly. 

Rev. P. B. J. Jones, Rev. R. 

lilyens, IL 0. SoHjy, W. Pengelly, 

R. Eth(‘riclge, W. PengtJIy, T^ Wfl- 
son, G. H. Wright. 

Edward Hull, W. Pengtdly, Uiuiry 
Woodward, 

Rev. 0. Fisher, Rev. J. Gumi, W, 
Pengelly, Rev. 11. H. Winwood. 

W. Pengelly, W. Boyd Dawkiiw, 
Rev. IL H. Winwood. 

W. Pengelly, Rev. H. H. Winwood, 

! W. Boyd Dawkins, G. H. Morion. 

R. Etheridge, J. Gcikie, 'J\ McKenny 

j Hughes, L. a Miall. 

L. C. Miall, George Scott, William 
Tophiy, Henry Woodward, 

L. G, Miall, R. IL Tidderimn, W. 
Topley. 

F. Drew, L. 0. Miall, It. G. Sy)ne.s, 
R. H. Tiddcmfin. 

L. C. Miall, E. B. Tawney, W. Top- 
Icy. 

J. Arra.Mlrong, F. W. Rudler, W. 
Topley. 

Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

E. T. Hardman, Prof. J, O’Reilly, 
R. H. Tiddcmam 

W. Topley, Q. Bloke Walker. 

W. Topley, W. Wliitaker. 

J. E. Clark, W. Keeping, W. T<»}»hiy, 
W. Whitaker. 

T. W. SlKUHi, W. Tupley, E. WasU 
lake, W. Whitaker, 

R. Betley, C, E. De lianas W. Top- 
ley, W. WhiUiim\ 

F. Adams, Prof. E. W, Olaypole, W. 
Topley, W. Whitaker. 


BIOLOGICAL SOIBNOiSS, 


COMMITTEE OE SCIENCES, IV.—ZOOhOGT, BOTANY, PHYSIOLOGY, ANATOMY. 


1832. Oxford...,..!Rev. P, B. Duncan, F.G.S. ... 
3 833, Cambridge * i Rev. W. L. P, Garnons, F.L,S. 
1834. Edinburgh.!Prof. Graham..... 


I Rev. Prof. J. S. Heiislow. 
!G. G. Babington, D. Don. 
VV. Yarrell, Prof, Burnett. 


1835. Dublin. 

1836. Bristol. 


1837. Liverpool.., 


SECTION B. 

Dr. Allman,....._ 

Rev. Prof. Henslow 


W. S. MacLeay..... 


-ZOOLOGY AND BOTANY. 

J. Curtis, Dr. Litton. 

J. Curtis, Prof. Don, Dr, Rih^y, S. 
Root sey. 

C. a Babington, Rev. L. Jenyns, W. 
Swainson, 
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Date and Place Presidents Secretaries 

1838. Newcastle Sir W. Jardiiic, Bart. J. E. Cray, Prof. Jones, R. Owen,. 

Dr. Richardson. 

1830. Birmingham Prof. Owen, F.R.S. IS. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, Lrj.D. Prof. W. Oonper, E. Forbes, R. Pat¬ 

terson. 

1841. Plymouth... John Richardson, M.B.,F.R.S. J.Coiioh,Dr.Lankester,R. Patterson* 

1842. Manchester Hon. and Very Rev. W. Her- Dr. Lankester, R, Patterson, J. A* 

bert, LIj.D., F.L.S. Turner. 

1843. Cork. William Thompson, F.L.S.... G. J. Allman, Dr, Lankester, R, 

Patterson. 

1844. York. Very Rev. the Dean of Man- Prof. Allman, H. Goodsir, Dr. King, 

Chester. Dr. Lankester. 

1845. Cambridge Rev. Prof. Henslow, F.L.S.... Dr. Lankester, T. Y. Wollaston. 

1846. Southamp- Sir J. Richardson, M.D., Dr. Lankester, T. V. Wollaston, H. 

ton. F.R.S, Wooldridge. 

1847. Oxford. H. E. Strickland, M.A., F.R.S. Dr. Lankester, Dr. Melville, T. V* 

Wollaston. 


SECTION D (continued ),—zoology and botany, including physiology. 

[For the Presidents and Secretaries of the Anatomical and Physiological Subsec¬ 
tions and the temporary Section E of Anatomy and Medicine, see pp. xlvix, xlviii.] 

Dr. R. Wilbraham Falconer, A. Hen- 
frey, Dr. Lankester. 

Dr. Jjankestcr, Dr. Bussell, 

Prof. J. H. Bennett, M.D., Dr. Lan¬ 
kester, Dr. Douglas Maclagan. 
Prof. Allman, F. W. Johnston, Dr. E. 
Lankester. 

Dr. Dickie, George C. Hyndraan, Dr. 

Edwin Lankester. 

Robert Harrison, Dr. E. Lankester. 
Isaac Byerloy, Dr. E. Lankester. 
William Koddio, Dr. Lankester, 

Dr. J. Abercrombie, Prof. Buokman, 
Dr. Lankester, 

Pro t J. li. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr. W. E. Steele, 
Henry Denny, Dr. Heaton, Dr. E. 

Lankester, Dr. E. Perceval Wright, 
Prof, Dickie, M.D., Dr. E. Lankester, 
Dr. Ogilvy. 

W. S. Glitirch, Dr. B. Lankester, P. 

L. Solater, Dr, E. Perceval Wright. 
Dr. T. Alcock, Dr, E. Lankester, Dr. 

P. L, Sclater, Dr. E. P. Wright. 
Alfred Newton, Dr. E. P. Wright. 
Dr. E. Charlton, A. Newton, Rev. H, 
B. Tristram, Dr. E. P. Wright. 

H. B. Brady, C. E. Broom, H. T. 

Stainton, Dr. E. P, Wright. 

Dr, J. Anthony, Rev. C. Clarke, Rev. 
H. B. Tristram, Dr. E. 1^ Wright. 


1848, Swansea ... L. W. Dillwyn, F.R.S. 

1840. Birmingham William Spence, F.R.S. 

1850. Edinbiu'gli Prof. Goodsir, F.B.S. L, &K. 

1851, Ipswich ... Bev. Prof. Henslow, M.A., 

F.R.S, 

1862. Belfast.W. Ogilhy. 

1853, Hull. C. G. Bahington,M.A.,F.R.S. 

1854. Liverpool... Prof. Balfour, M.D., F.R.S....! 
1856. Glasgow ... Rev. Dr. Flcoming, F.R.S.E, 
1856. Cheltenham Thomas Doll, F,R.S,, rrcs.L,S, 

1867. Dublin. Prof. W. IT. Harvey, M.D., 

F,R.S. 

1868. Leeds . 0, 0. Babington, M.A., F.R.S. 

1869. Aberdeen... SirW.Jardinc,Dari.,F.R.S.E. 

1860, Oxford.. Rev, Prof. Henslow, F.L.S,... 

18C1. Manchester Prof. 0, 0. Bahingt-on, F.R.S, 

1862. Cambridge Prof. Huxley, F.R.S. 

1863. Newcastle Prof. Balfour, M.D., F.B.S.... 

1864. Bath.. Dr, John E. Gray, F,R.S. ... 

1865. Birmingham T. Thomson, M.D., F.R.S. ... 
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SECTION D (continmd), —biology,* 


I)a.to and Place Presidents Secretarics 


1806. Nottingham Prof. Pluxlcy, LFj.D., F.U.S, Dr. J. Ih'ddard, W. Pelkin, Kev. H. 

—PhifMohquuU Dvp.^ 2mL, P. Tristram, W. Turner, H. U. 
tlumi)hry,' M.D., F.U.S.— Tylor, Dr. E. p. Wright. 

A nthropolofjieal Alf. 

R. Wallace, F.R.G.S. 

1867. Dundee ... Prof. Sharpoy, M.D., Sec. E.S. C. Spcncc Bate, Dr. S. (^ibbold, Dr, 
— I)e2>, of Zool, md JBot.i M. Foster, H.T. St a,inton, Bov. PI, 
George Busk, M.D., F.R.S. B. Tristram, Prof. W. Turner. 
1808. Norwicb ... Rev. M. J. Berkeley, F.L.S. Dr. T. S. Cobbold, G. W. P’irtli, Dr. 

— Dty?. of Physiohgy^ W. M. Foster, Prof. Lawson, Jf. 

H. PTovver, F.R.S. Blainton, Jhw. Dr. PI, ih Tristram, 

Dr. F. P. Wriglit. 

1861). Exeter. George Busk, F.R.S., F.L.8. Dr. T. W, Cobbold, Prof. M. lA>stor, 

— Poj). of Boi, and Zool., E. Ray La,nk<jsl(‘r, Prof. IjaAVSoj), 
C. Spence Bate, P\R.S.— H. T Slaintoii, Rev. II. B. Tris- 
Doyy. of Bthno.^ E. B. Tylor. tram. 

1870. Liverpool.., Prof.G. Rolloston, M.A., M.D., Dr. T. S. OobUdd, Sebastian PI vans, 

P\R. S., ILL.S.— Bey), of Prof, Lawson, Tlios. J. Moore, IT, 
Anat. and PhymoLjFxot.M., T. Stainton, Itcv. IT. P>, I'ristram, 
Foster, M.D., F.L.S.— Bej}. 0. Slaniland Wake, E. Ray Lan- 
of Ethno., J. Evans, F.R.S. kestm*. 

1871. Edinburgh Prof. Allen Thomson, M.D., Dr. T. ILP'raser, Dr. Arthur Oamgeo, 

F.R.S.— Bop. of Bot. and E. Ray Lankester, Prof. Ijawson, 
.^a/>Z.,Prof.WyvilleThomson, PI. T. Stainton,C. Staniland Wake, 
P^.R.S.— Bap.of Anthroyfol,, Dr, W, Rutherford, Dr, Ktdhurno 
Prof. W. Turner, M.D. King. 

1872. Brighton ... SirJ.Lubbock, Bart.,F.R.S.— Prof. Thisellon-Dyor,H. T. Htahiton, 

Bep. of Anat. and Physiol., Prof. Lawson, P\ W. Ihuiler, J. H. 
Dr. Burdon Sanderson. Lamprey, Dr. Gamgce, Pk Ray 
F.R.S.— Bep. of Anfhropol., Lankester, Dr. Pye-Smith, 

Col. A. Lane Fox, F.G.S. 

1873. Bradford ... Prof. Allman,F,R.S.— Bcp. of Prof. Thiselton-Dycr, Prof. Lawson, 

Amt.aHdPhydol.,Vvoi.JUx.-- R. M‘Lachlan, l>r. Pye-vSmith, P), 
therfordjM.D.— Bep.ofAn- Ray Lankester, P\ W. Rndler, J, 
thropol., Dr. Beddoe, P\R.S. H. Jiamprey. 

1874. Belfast.. Prof. Kedfetn, M.D.— 1)ep. of W.T.This(dton-Dyer,R,0.(hnining- 

Zool. and Hooker, ham, Dr. ,1. *1. Oharles, Dr, P, H, 

C.B.,Prca.U.S.—Pye-Smith, ,1. ,1. Murtiiy, F* W. 
• fhrop., Sir W.R. Wilde, M.D. Rudler. 

1876, Bristol. P, L. Sclater, PMl.S.— Bap.of E, R. Alston, Dr. McKcndrick, Pntf, 

AnaUindPkyM.,VtQi.Q\o^- W. R, M‘Kab, Dr. Martyn, V\ W, 
land, M.D., F.U.&.-~-B(p.of Kudlcr, Dr, P. H. J*ye-Snutli, Dr. 
Rolleston, W. Spcncei% 

M.D., F.R.S. 

1876. Glasgow ... A, Russel Wallace, F,R.G.S., E. R, Alston, Hyde Clarke, Dr 

F.L.S.—JO/y;. of Zool and Knox, Prof. W. R. M<Kah, Dr. 
i?e»5f.,Prof. A.Hewton, M.A„ Muirhead, Prof, Morrinon Wat** 
F.R.S.— Bop. of A.nat. and son. 

Physiol, Dr. J. G. McKen- 
drick, P’.R.S.E. 

1877. Plymouth... LGwynJeffreys,LL.D.,F.R.S., E. R. Alston, h\ Brent, Dr. D, J. 

F,h.B.--Bep. of Anat. and Cunningham, Dr. 0. A. PDngston, 
Physiol, Prof. Macalister, Prof. W. R. M‘Nab, J. B. Rowe, 
M.D.—-ilry?. of Anthropol, F. W, Rudler. 

Francis Galton, M.A.,F.R.S. 

^ At a meeting of the General Committee in 1 866, it was resolvedThat t he title 
of Section D be changed to Biology j * and ‘That for Die word “Subsection,” in the 
rulesfor condiiciingthebusinesaof the Sections, the word « Department” be snbsi itnt odd 
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Date and Place Prosideuts Secretaries 

J878. Dublin. Prof. W. H. bTower, F.r..S.— Dr. R. J. Harvey, Dr. T. Hayden, 

DrjK of Af{t?froj}ol, Prof. Prof. W. R. M‘Nab, Prof. J. M. 
Huxley, Sec. R.S.— JJoj). l^urser, J. r>. Rowe, F. W. Rudler. 
of A)utt. otul JPItymol., 11. 

McDonnell, M.D., F.R.S. 

1879. Sheffield ... Prof. St. George Mivart, Arthur Jackson, Prof. W. R. M^Nab, 

¥.l^Jt^.-~TJoj).<}f Anthropol., J. B. Rowe, W. Rudlei*, Prof. 

E. B. Tylor, D.C.L., F.R.S. Scliiifcr. 

— Dop, of Anat. and Pky~ 

ii9ol., Dr. Pyc-Smith. 

1880. Swansea... A. C, G. GiinllKT, M.D.,F.R.S. G. W. Bloxani, John Priestley, 

~ JJrp.of Anot. and Pluj- Howard Saunders, Adam Sedg- 
.m;/., F. M, Balfour, M.A., wick. 

F. R.S. nthropol.^ 

F. W. Rudler,‘F.G.S. 

1881. York. Richard Owen, C.B., M.D,, G. W. Bloxam, W. A. Forbes, Rev. 

F.Jt.S.- ])ep,of AnthropoL, W. 0. Hey, Prof. W. R. M‘Nab, 
Prof. W. H. Flower, LL.D., W. North, John Priestley, Howard 
F.R.S. ■ Jkp. of A nai, and Saunders, H, E. Spencer. 

Phjmd , Prof. J. S. Burdon 
Sanderson, M.l)., F.R.S. 

1882. Southamp- Prof. A. Gaingee, M.D., F.R.S. Q. W. Bloxam, W. Heax>e, J. B. 

ton. - Ikp. of /And, and Poi., Nias, Howard Saunders, A. Sedg- 

Prof. M A. Lawson, M.A., wick, T. W. Shore, juu. 

F.L.S, Jkp, of A nt/iroyol.t 
Prof. W, Boyd Dawkins, 

M.A., BMl.S. 

1883. Southport* Prof. E. RayLankester,M.A., Q. W. Bloxam, Dr. G. J, Haslam, 

l\ll.H,---Jkp.ofAnt?m)poL, W. Heape, W. Hurst, Prof. A. M. 
W. Pengelly, F.E S. Marshall, Howard Saunders, Dr. 

G. A. Woods. 

1881. Montreal'-*... Prof. H. N. Moseley, M.A., Prof. W. Osier, Howard Saunders, A. 

F.R.S. Sedgwick, Prof. R. R. Wright. 

ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OF 80TEN0ES, V.—ANATOMY AND rHYSIOLOOT. 

1833. Cambridge I Dr. Haviland.I Dr. Bond, Mr. Paget. 

1834. Edinburgh |Dr. Aherorombio ..iDr, Rogot, Dr. William Thomson. 

SECTION E (until 1847). —ANATOMY AND MEDICINE. 

1835. Dublin Dr. Pritchard... Dr. Hamsun, Dr, Hart. 

1830. Bristol. Dr. Roget, F.R.S. Dr. Symonds. 

1837. Liverpool... Prof. W. Clark, M.D. .■. Dr. J. Carson, jun., James Long, 

Dr. J. R, W. Vose. 

1838. Newcastle T. E. Headlam, M.D. . T. M. Greenhow, Dr. J. ll, W. Yose. 

1839. Birmingham Jolm Yelloly, M.D., F.R.S.... Dr. G. 0. Bees, F; Hyland. 

1840. Glasgow ... James Watson, M.D. .. Dr. J. Brown, Prof. Ooupoj', Prof. 

Reid. 

1841. Plymouth... P. M. Rogei., M.D., Sec. R.S. Dr. J. Butter, J. Fuge, Dr. K. S. 

Sargent. 

1842. Manchester Edward Holme, M.D., F.L.S. Dr. Ohaytor, Dr. R. S. Sargent, 

1843. Cork ......... Sir James Pitcairn, M.D. ... Dr. John Popham, Dr. R, S, Sargent. 

1844 York.iJ. 0. Pritchard, M.D, . I. Erichsen, Dr. R, S. Sargent. 

* By direction of the General Committee at Bouthampton(1882) the Departments 
-of Sioology and Botany and of Anatomy and Physiology were amalgamated, 

® By authority of the General Committee, Anthropology was made a sepai^ate* 
section, for Presidents and Secretaries of which see p, liii. 











xlviii 


KBPORT^—1884. 


SECTION E.—PHyStOEOOy* 


Diit.o and Pliicc 

1815. Oamhndf*’© 

1846. Bouthamx)- 

ton. 

1847. Oxford» ... 


1850. Edinburgh 
1855. Cxlasgow ... 

1857. Bablin. 

1858. Leeds . 

1850. Aberdeen... 
1860. Oxford. 

1801. Manchester 
1862, Cambridge 
1803. Newcastle 

1864. Bath. 

1865. Birming¬ 
ham.'-* 


On'Midcnls Si^cndaries 


Prof. J. HavilaiHh M.D. ..! Dr. U, S. Sargent, Dr. Wehhinn 

Prof. Owen, M.t)., 1<\11.S. I*. Keolo, Dr. liajcooK, Dr. Sar- 

1 gCTil, 

Prof. Ogle, M.D., B\R.S.|Dr. Tlioinas K. Chambers, W. P. 

I Ormerod, 

PHYSIOLOGICAL SUBSECTIONS OF SECTION P. 

Prof. Bennett, M.l)., E.R.S.K. 

Prof. Allen Thomson, F.R.S. l^rof, J. 11. Cnrbeth, Dr. J. Si rut hers. 

Prof. R. Harrison, M.D.. Dr. E. D. Lyotjs, Prof. IledlVrn. 

Sir Benjamin Brodic, Bart., C. 0. Wlioelhonst'. 

F.R.S. 

Prof. SharjKiy, M.D., Sec.U.vS. Prof. Picnmdti, Prof. Eedforn. 

Prof. G. Eolleslon, M.D., Dr. E. M‘Donnell, Dr, Edward 
F.L.S. Smith. 

Dr. John Davy, F.E.S.L,&; BL Dr. W. Eoberts, Dr. Edward Smith. 

G. Xil. Paget, M.D. U. F. Helm, Dr. Edward Smith. 

Prof. Bolleston, M.D., F.E.S. Dr. D. Embloion, Dr. W. Turner. 
Dr. Edward Smith, LL.D., J. S. Bart rum, Dr. W*. Turner, 
F.E.S. 

Prof. Acland, M.D., LL.D., Dr. A. Fleming, Dr. P. Hoslop, 
F.E.S. Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

[P'or Presidents and Secretaries for Geography previous to 1851, soe Section C* 
p, xlii.] 

ETHNOLOaiCAL SUBSECTIONS OF SECTION D. 

1846.Southampton Dr. Pritchard.. Dr. King. 

1847. Oxford. Prof. H. H. MIson, M.A. ... Prof, Buckley. 

1848. Swansea...... G. Grant B'rancis. 

1840. Birmingham...Dr. E. G. Latham. 

1850. Edinburgh Vice-Admiral Sir A. Malcolm Daniel Wilson, 

SECTION E.—-GEOGBAPHT AND ETHNOLOGY. 

Sir E. L Murchison, P\E.S., ll Cull, Bov. ,). W, Donaldson, Div 
Pros. E.G.S. Noidon Shaw. 

Col. Ohesney, R.A., D.O.L., E. Cull, il, MaoAdam, Dr. Norton 
F.E.S. Shaw, 

li. G. M.D., F.E.S. E. Cull, Eov. II. W. Efunp, Ih\ 

Norton Sliaw. 

Sir E, I. Murchison, D.C.L., Richard Gull, Rev. 11. Higginn, Dr. 

F.E.S. Ihno, Dr. Norton Shaw, 

Sir J. Eichardson, M.D., Dr. W. G. lilaokki, IL (hill, Dr. 

F.E.S. Norton Shaw. 

Col, Sir H. C. Bawlinson, E. Cull, P\ I). Hartland, W, IL 
K'O.B. Eumsey, Dr. Norton Shaw. 

Eev. Dr. J. Henthom Todd, E. Cull, S. FcsrguHon, Dr. li. B. 

Pres. E.I.A. Madden, Dr. Norton Shaw. 

Six E.I. Murchison,G.0.St.S., E. Cull, Francis Galton, P. O^Calla- 

ghan, Dr. Norton Shaw, Thomas 
Wright. 

» By direction of the General Committee at Oxford, Sections D and E wore 
incorporated under the name of * Section D—Zoology and Botany, including Phy- 
Biology» (see p. xlv). The Section being then vacant was assigned in IS51 to 
Geography. * ViWfi note on page xlvi# 


3851. li^svvich ... 

1852. Belfast. 

1853. Hull,.!. 

1854. liverpool... 

1855. Glasgow ... 

1856. Chcltenliam 

1857* Dublin. 

1868, Leeds ...... 














PBESIBENTS AND SECRETABIES OF THE SECTIONS. 


xlix 


Date and Place 


Presidents 


Secretaries 


1869. Aberdeen... 

1860. Oxford. 

1861. Mancbester 

1862. Cambridge 

1863. Newcastle 

1864. Bath. 

] 866. Birmingham 

1866. Nottingham 

1867. Dundee ... 

1868. Norwich ... 


Rear - Admiral Sir James 
Clerk Ross, D.C.L,, F.R.S. 
Sir R. 1. Murchison, D.C.Xj.. 

F.R.S. 

John Crawfurd, F.R.S. 

Francis Gallon, F.R.S.; 


Sir R. I. Murchison, K.C.B,, 
F.R.S. I 

Sir R. I. Murchison, K.C.B.,1 
F.R.S. 

Major-General Sir H. Raw- 
linson, M.P., K.C.B., F.R.S. 
Sir Charles Nicholson, Bart., 
LL.D. 

Sir Samuel Baker, F.R.G.S. 


Capt. G. H. Richards, R.N., 
F.R.S. 


Richard Cull, Prof.Geddes, Dr. Nor¬ 
ton Shaw, 

Capt. Burrows, Dr. J. Hunt, Dr. C. 

Lempri6re, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Nor¬ 
ton Shaw, W. Spottiswoode, 

J. W. Clarke, Rev. J. Glover, Dr, 
Hunt, Dr. Norton Shaw, T. 
Wright. 

0. Carter Blake, Hume Greenfield, 

C. R. Markham, R. S, Watson, 

H. W. Bates, 0. R. Markham, Capt. 

R, M. Murchison, T. Wright. 

H. W. Bates, S. Evans, G. Jabet, C. 

R. Markham, Thomas Wright. 

H. W. Bates, Rev. E. T. Gusins, B. 
H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

H. W. Bates, Cyril Graham, Clements 
R. Markham, S. J. Mackie, E. 
Slnrrock. 

T. Baines, IT. W. Bates, Clements R. 
Markham, T. Wright. 


1869. Exeter...... 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton... 

3873, Bradford... 
1874. Belfast. 

1876. Bristol. 

1876., Glasgow ... 

1877. Plymouth... 

1878. Dublin. 

1879. Shefifield ... 

1880. Swansea ... 

1881. York. 

1882. Southamp¬ 

ton, 

1883. Southport 

1884. Montreal 

1884. 


SECTION E {continued). —geography. 


Sir Bartle Frero, K.C.B.,i 
LL.D., F.R.G.S. 

Sir B. I.Murohison, Bt.,K.0.B., 
LL.D., D.O.L., F.R.S., F.G .S. 

Colonel Yxile, C.B., F.B.G.S. 

Francis Gallon, F.R.S. 

Sir Rutherford Alcock, K. C.B, 

Major Wilson, R.E., F.R.S., 
F.R.G.S. 

Lieut. - General Straohey, 
R.E.,aS.T.,F.B.S.,F.R.U.S., 
F.L.S., F.G.S. 

Capt, Evans, C.B., F.R.S. 

Adm. Sir E. Ommannoy, C.B., 
F.R.S., F.R.G.S., F.R.A.S. 

Prof. Sir C. Wyville Thom¬ 
son, LL.D., F.R,S.L.v^E. 

Clements R. Markham, O.B., 
F.R.S,, Sec. R.G.S. 

Lieut.-Gen. Sir J. H. Lefroy, 
C.B., K.C.M.G., R.A., F.R,S., 

1 F.R.G.S. 

Sir J. D. Hooker, K.C.SJ., 

; C.B., F,R,S. 

Sir R. Temple, Bart., G.C.S.I-, 
F.B.G.S. 

Lieut.-Ool. H, H. Godwin- 
Austen, F.R.S. 

Gen. Sir J. H. Lefroy, O.B., 
K,0.M.G., F.B.S.,V.P.R.G.S. 


H. W. Bates, Clements R. Markham, 
J. H. Thomas. 

H.W.Bates, David Buxton, Albert/J. 

Mott, Clements R. Markham. 
Clements R. Markham, A. Buchan, 
J. H. Thomas, A. Keith Johnston. 
H. W. Bates, A. Keith Johnston, 
Rev. J. Newton, J. H, Thomas, 

H. W. Bates, A. Keith Johnston, 
Clements R. Markham. 

E. G. Ravenslein, E. C. Bye, J. H. 
Thomas. 

H. W. Bales, K. 0. Rye, F. F. 
Tuckett. 

IL W. Bates, E. C. Bye, R. Oliphant 
Wood. 

IT. W. Bates, F. E. Fox, E. 0. Eye. 
John Coles, E. 0. Rye, 


H. W. Bates, C. E. D. Black, E. C. 
Eye. 

H. W. Bates, E, 0. Rye. 


J. W, Barry, H. W. Bates. 

E. G. Ravenstein, B. C. Rye. 

John Coles, E. G, Ravenstein, B. 0. 
Rye. 

Rev. Abb4 Laflamme, J. S, O’Hallpran, 
B. G. Ravenstein, J, F. Toimiice. 

0 
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REPOM— 1884 , 


STATISTICAL SCIENCE!. 

coMMrmn op sciekcbs, vr.— statistics. 


Dat e and Tlaco 


I’roHidcnts 


Secret arieti 


1833* Cambridge Prof, Babbage, F.B,B. 

1834. Minburgh Sir Charles Lemon, Bart. 


J. E, Drinkwaler. 

Dr. Cleland, C. Ilojte ‘Maclean. 


SECTION P.—STATISTICS. 


1836. Dublin. 

18.S6. Bristol. 

1837. Liverpool... 

1838. Hewcasile 

1839. Birmingham 

1840. Glasgow ... 
1841 Plymouth,,. 

1842. Manchester 

1843. Cork. 

1844. York. 

1846. Cambridge 

1846. Southamp¬ 

ton. 

1847. Oxford. 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 

1861. Ipswich 

1862, Belfast. 

1868, Hull. 

3864, Liverpool... 

3866, Glasgow 


Charles Babbage, F.R.S. 

Sir Chas. Lemon, Barf., F.R.S. 

RL Hon. Lord Sandon.. 

Colonel Sykes, F.R,S. 

Henry Hallam, F.R.S.. 

Rt. lion. Lord Sandon, M,P„ 
F.R.S. 

Lieut.-Col. Sykes, F.R.S....... 

G. W. Wood, M.P., F.L.S, 

Sir 0. Iioraon, Bart., M.P. ... 
Lieut. - Col, Sykes, F.R,S., 
F.L.S. 

Rt. Hon, the Earl Fitzwilliam 
G. B. Porter, F.R.S. 

Travers Twiss, D.C.L., F.R.S. 

J. H. Tivian, M,P., F.R.S. ... 
Bt. Hon. Lord Lyttelton. 

Very Bev, Dr. John Loo, 
y.P.E.SJS. 

Sir John P. Boileau, Bart. 
His Grace the Archbishop of 
Dublin, 

James Hey wood, M.P,, F.R.kS. 
Thomas Tooke, F.R.S. 

R. Monckton Milnes, M.P.... 


W. (Jrog, Prof. Longiield. 

Rev. J. K. Brnmby, (1 B. Fripp, 
James Hoywo<}d. 

W. li. CIreg, \V, Langton, Dr. W. C. 
Taylor. 

W. Cargill, J. Ileywond, W. R. Wood. 
F. Clarke, R. W. Rawson, Dr. W. C. 
Tayler, 

C. R. Baird, Prof, Ramsay, H. W, 
Rawson. 

Rev. Dr, Byrth, Rev, B. Limoy, R. 
W* Eawson. 

Rev. R. Lunoy, G, W* Ormerod, Dr. 
W. 0. Taylor. 

Dr. D. Bullen,Dr. W. Cooke Taylor. 
J. Fletcher, J. Hey wood, Dr. Lay- 
cock* 

J. Fletcher, Dr. W, Cooko Tayler. 

J. Fletcher, F. G. 3>. Hoison, Dr. W. 

O. Tayler, Rev. T. L, Shapeott. 
Rev. W. H. Cox, J. J. Danson, F, G. 

P, Nelson. 

J, Fletcher, Capi. R. Bhorircdc. 

Dr. Finch, Prof. Hancock, F. G. 1 \ 
Neison. 

Prof. Hancock, J. Floichor, Dr, J. 
Stark. 

J. Flotclier, Prof. Hancock, 

Prof. Hancock, Prof.,Ingram, JamoH 
MacAdam, jun, 

Fdward Choslnre, W. Nowmarcli. 

B. Ohaslnre,J. T. Danson, Dr. W.IL 
Duncan, W, Nowmarch. 

J. A. Campbell, B. Oheshirc, W. Now¬ 
march, Prof. R. JI. Walsh. 


SECTION P (contmued ).—economic science and statistics. 


1866. Cheltenham 


Rt. Hon. Lord Stanley, M.P, 


1867. Dublin 

1868. Leeds , 


His Grace the Archbishop of 
Dublin, M.RJ,A. 

Edward Baines... 


1859. Aberdeen.,. Col. Sykes, M.P., F,E.S....... 

1860. Oxford.. Nassau W. Senior, M#A. 


Rev. C. H. Bromby, F. Cheshire, Dr. 
W. N. Hancock, W. Nowmarch, W. 
M. Tartt. 

Prof, Cairns, Dr. H. D, Hutton, W, 
Newmarch. 

T. B. Baines, Prof, Cairns, S, Brown, 
Oapt. Fishbourne, Dr, J, Btrang. 
Prof, Cairns, Edmund Macrory, A, M, 
Smith, Dr. John Strang. 

Edmund Maorory, W. Newmarch, 
Rev. Prot J. % T. Rogers. 















PBESIDENTS ANB SECEETARIES OE THE SECTIONS, 
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Date and Place Presidents Secretaries 


1861. Manchester William Ncwmarch, David Chadwick, Prof. B. C. Christie, 

K, Macrory, Eev. Prof. J. B. T. 
Bogcrs. 

1862. Cambridge Edwin Chadwick, C.B. H. D. Macleod, Edmund Macrory. 

1863. Newcastle . William Tile, M.P., F.B.S.... T. Donbleday, Edmund Macrory, 

Frederick Purdy, James Potts. 

1864. Bath. William Farr, M.D., D.C.L., E. Macrory, B. T. Payne. F. Purdy. 

F. R.S. 

1865. Birmingham Bt. Hon. Lord Stanley,LL.D., Gr. J. D. Goodman, G-. J. Johnston, 

M.P, B. Macrory. 

1866. Nottingham Prof. J. B. T. Rogers. B. Birkin, jun.. Prof. Leone Levi, E,' 

Macroiy. 

1867. Dundee ..... M. E. Grant Duff, M.P.. Prof. Loono Levi, E. Macrory, A. J. 

Warden. 

1868. Norwich.... Samuel Brown, Pres. Instit. Bcv. W. C. Davie, Prof. Leone Levi. 

Actuaries. 

1869. Exeter. Bt. Hon. Sir Stafford H. North- Edmund Macrory, Frederick Purdy, 

cote, Bart., C.B., M.P. Charles T. D. Acland. 

1870. Liverpool... Prof, W. Stanley jevons, M.A. Clias. B. Dudley Baxter, E. Macrory, 

J. Miles Moss. 

1871. Edinburgh Bt. Hon. Lord Ncaves. J. G. Fitch, James Meikle. 

1872. Brighton ... Prof. Henry Fawcett, M.P.... J. G. Fitch, Barclay Phillips. 

1873. Bradford ... Bt. Hon. W. E. Forster, M.P. J. G. Fitch, Swire Smith. 

1874. Belfast. Lord O’Hagan . Prof. Donnell, Frank P. Fellows, 

Hans MacMordio. 

1875. Bristol...... James Hey wood, M. A,, F.E.S., F. P. Fellows, T. G. P. Hallett, B, 

Pres.S.S. Macrory. 

1876., Glasgow ... Sir George Campbell, K.O.S.I., A. M‘Neel Caird, T. G. P. Hallett, Dr. 

M.P. W. Neilson Hancock, Dr. W. Jack. 

1877. Plymouth... Bt. Hon. the Earl Fortesonc W, F. Collier, P. Hallett, J. T. Pim. 

1878. Dublin. Prof. J. K. Ingram, LL.D., W. J. Hancock, C. Molloy, J. T. Pim. 

M.B.I.A. 

1879. Shetheld ... G, Shaw Lefevre, M.P., Pres. Prof. Adamson, B. E. Leader, 0. 

S.S. Molloy. 

1880. Swansea ... G. W. Hastings, M.P.. N. A. Humphreys, C. Molloy, 

1881. York. Bt. Hon. M. B. Grant Duff, 0. Molloy, W. W. Morrell, J. F. 

M.A., F.B.S. Moss, 

1882. Southamp- Bt. Hon. 0. Bclater-Booth, G. Baden Powell, Prof, H. S. Fox- 

ton. M.P., F.B.S. well, A. Milnes, 0. Molloy. 

1883. Southport B. H. Inglis Palgrave, F.B.S. Rev. W. Cunningham, Prof. H. S. 

FoxweU, J, N. Keynes, C, Molloy, 

1884. Montreal... Sir Biohard Temple, Bait., Prof. H. S. B'^oxwell, J. S. McLennan, 

G. C.S.I., O.LB., F.K.G.S. Prof. J. Watson, 

MBOHANIOAL SOIBNOE, 

SECTION G.—MEOHANICAX. SCIENCE. 

1836. Bristol.. Davies Gilbert, D.O.L., F.R.S. T. G. Bunt, G. T. Clark, W. West. 

1837. Liverpool.,, Bev. Dr. Robinson . Charles Vignoles, Thomas Webster. 

1838. Newcastle Charles Babbage, F.B.S. B. Hawthorn, C, Vignoles, T. 

Webster. 

1839. Birmingham Prof. Willis, F.B.S,, and Bobt. W. Carpmael, William Hawkes, T. 

Stephenson, Webster. 

1840. Glasgow .... Sir John Robinson ... J. Scott Bussell, J. Thomson, J, Tod, 

C. Vignoles* 

1841. Plymouth John Taylor, F,B.S. Henry Chatfiold, Thomas Webster. 

1842. Manchester Bev, Prof, Willis, F.R.S. J* F. Bateman, J. Scott Bussell, J, 

Thomson, Charles Vignoles, 

1843. Cork. Prof. J. Macnoill, M.B.I.A»... James Thomson, Robert Mallet* 

0 2 















Hi 


RBroHT~-1884, 


Dale and Jl’lacn 


rrasidentH 


Si*riTtarujM 


1844. Vork. 

1845. Oambvidj^o 

1846. Sout.liamp- 

tOB. 

1847. Oxford.. 

1848. B wan sea ... 
1840. BirmingliaiB 

1850. Edinbtu;i**h 

1851. Ipswich ..... 

1852. Belfast. 

1853. Hull. 

1854. Liverpool,., 


John Taylor, K'.U.S. 

Uoorgo ilennie. l<Mv.S.. 

lUw. brof. WllliH, M.A., hWLH. 

llev. Prof.Walkor, M.A.,RU.S. 
Ecv.Brof.Walkor. M.A..KU.S. 
Robert Stophonson, M,i\, 
F.IkS. 

Rev. 11. Robinson... 

William Cubiit., F,R.H. 

John Walker, 0.15., LL.D., 
K.R.S. 

William Fairhairn, 

F.R.H. 

John Scott Bussell, F.R.S. ... 


1855. Glasgow 
1866. Cheltenham 


W. J. Maccpiorn Ilankine, 
0.15., F.B.S. 

George Eennie, F.R.!;?.......... 


1867* Dublin. 

1858, Leeds . 

1860. Aberdeen,.. 


Et. Hon. the Earl of Rosse, 
F.R.S. 

William Fairbairn, F.B.S.... 
Eev. Prof. Willis, M.A., F.B.H. 


1860. Oxford. 

1861. Manchester 


Prof. W. J. Macqnom Rankine, 
LL.I)., F.K.IS, 

J. F. Bateman, O.E., F.R*B.... 


1862. Cambridge Wm. Fairbairn, LL.D., F.B.S. 
1863* Newcastle Rev. Prof. Willis, M. A., F.R.S. 


1864. Bath......... 

1865. Birmingham 

1866. Nottingham 

1867. Dundee. 

1868. Norwich ... 


J. Hawkshaw, F,R.B. 

Bir W. G. Armstrong, LL.D., 
F,R.B. 

Thomas Hawkslcy, V.P.Inst. 
0.15., F.G.B. 

Prof .W. J. Macquom Rankine, 
LL.D., F.B.H. 

a. ?. Bidder, C.E., F.R.a.B. 


1869. Exeter. 

1870. Liverpool.,.! 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 


0. W. Bieraens, F.R.B. 

Ohas. B.Tignolcs, 0.15., BMIB. 

Prof. Fleoming Jenkin, F.R.B. 

F. J. Bramwcll, O.E.. 

W. H. Barlow, F.R.B. 


1874. Belfast. 

1875. Bristol. 

1876. Glasgow ... 


Prof. James Thomson, LL.D., 
C.B., F.R.S.K 

W. Froude, O.E., M.A., F.R.8. 
aw. Merrifield, F.B.B.. 


1877. Plymouth... Edward Woods, O.E. 

1878. Dublin...... Edward Easton, O.E. 


liharles Vignob»H, Thomas Webster. 
Rev. W, T. Klngsh’y. 

Willimn Het.ts, jun.,rharles ^tanby, 

J. (dytin, ih A. be Mesnrier, 

R. A.* be Mi^surier, W. P. Struve. 
(Jharles Manby, W. l\ Marstmib 

Dr. David Stephenson. 

John Head, Olmrles Man})y. 

John F, Tiateinan, (1. B. Hancc^ck, 
Charles Manby, James Thomson. 
James Oldham, J. Tlaunson, W. 
Sykes Ward, 

John (Irmitluim, J. Oldham, J. 
Thomson. 

Ij. Hill, jiin„ William Eamsajs J. 
Thomson, 

O. Atherton, B. Jones, jun., 11. M. 
Jotfery. 

Prof. Dowming, W.T. Doyno, A. Tale, 
James Thomson, Henry WrigJit. 
J, C. Dennis, J, Dixon, IL Wright. 
11. Abernethy, F. be Novo Foster, H. 
Wright, 

P. Lo Neve Foster, Rev. F. Harrison. 
Henry Wright, 

P, Le Neve Foster, John Robinson^ 
H. Wright.. 

W. M. Fawcett, P; Lo Neve Fostetr. 
P, Le Novd Foster, P. WestmacoD, 
J. F. Bpeiicor. 

P. Le Neve Foster, Robtu’t. Pitt, 

P. Le Neve Fosi(‘r, Henry Lea, W, 
P. Marshall, Walter May, 

P. Le Novo Foster, J. F. Iselin, M. 

O. TarbotJon. 

P. Jjo Nevo Foster, John P, Smith* 
W. W. Drquhart.. 

P. Ijg Neve Fo8t<n*, J. F. Tsoi in, C. 

Manby, W. vSinith. 

P. Lo Neve Foster, H. Baiiermarn 
n. Banerman, i\ l^o Ntwe I'^oster, T. 

King, J. N. Bhoolbn^d. 

H, Bauerman, Aloxtmdor beslie, J. 

P. Smith. 

H. M. Brunei, P. Le Kewe Foster, 
J. 0. Gamble, J. N, HlK)olbrod, 
Crawford Barlow, H. Bauerman,, 
E.H. Oarbutt, J. il Itawksiuuv, 
J. N. Shoolbred. 

A. T. Atchison, J, N. Shoolbred, John 
Smyth, jxm. 

W. B. Browne, H. M. Brunei, J, G. 

Gamble, J. N. Shoolbred. 

W. Bottomloy, jun., W. J* Millar,, 
J. N. Shoolbred, J* F. Smith. 

A. T. Atchison, Dr. Merritlold, J. N. 
Shoolbred, 

A. T. Atchison, B. G, Byrnes, H. % 
Wood. 















LIST OF EVENING LECTUEBS. 


liii 


Bate and Place 

1879. Sheffield ... 

1880. Swansea ... 

1881. York. 

1882. Southamp¬ 

ton. 

1883. Southport 

1884. Montreal... 


1884. Montreal...I 


Bate and Place 

1842. Manchester 

1843. Cork. 

1844. York. 

1845. Cambridge 

1846. Southamp¬ 

ton. 

1847. Oxford. 

1848. Swansea ... 

1849. Birmingham 

1850. Edinburgh 


Presidents 

Secretaries 

J. Robinson, Pres. Inst. Mech. 
Eng. 

James Abcrnethy, V.P.Inst. 
O.E.. F.R.8.E. 

Sir W. G. Armstrong, C.B., 
LL.B., D.O.L., F.R.S. 

John Ifowler, C.E., B’.G.S. ... 

James Brunlees, If.RS.B., 
Pres.Inst.C.E. 

Sir F. J. Bramwell, F.R.S., 
V.P,Inst.C.E. 

A. T. Atchison, Emerson Bainbridge, 
H. T. Wood. 

A. T. Atchison, H. T. Wood. 

A. T. Atchison, J. F. Stephenson, 
H. T. Wood. 

A. i\ Atchison, F. Ohurton, H. T, 
Wood. 

A. T. Atchison, B, Rigg, H. T. Wood, 

A. T. Atchison, W. B. Dawson, J, 
Kennedy, H. T. Wood. 


ANTHROPOLOGICAL SCIENCE. 

SECTION H.—^ANTOEOPOLOGY. 

K. K Tylor, B.C.L., P.E.S. ...[0. W. Bloxam, W. Hurst. 


List of Evenvng Lectures, 


Lecturer 


Charles Vignoles, F.R.S. 

Sir M. I. Brunei .. 

B. I. Murcliison. 

Prof. Owen, M.B., B\R.S. 

Prof. E. Forbes, Jf.lLS. 

Br. Robinson.. 

Charles Lyell, B\B.S. 

Dr. JB'alconer, JF.E.S.. 

G.B.Airy,B\R.a,Astron.Royal 

R. I. Murchison, B\R.S. 

Prof. Owen, M.B., B\R.S. ...! 

Charles Lyell, B\R.S.. 

W. R. Grove, BMI.S. 


Rev. Prof. B. Powell, F.R.S. 
Prof. M. B'araday, l^’.R.S. 

Hugh E. Strickland, B\a.S.... 
Jolm Percy, M.B., B\R-S....... 

W. Carpenter, M.B., F.R.S.... 

Bx. Faraday, F.R.S. 

IRev. Prof. Willis, M.A.,F.R.S. 


Prof. J. tl. Bennett, M.B., 
1?.R,S.E. 

Br. Blantell, F.R.S. .. 


Subject of Discourse 


The Principles and Construction of 
Atmospheric Railways. 

The Thames Tunnel. 

The Geology of Russia. 

The Binornis of New Zealand. 

The Distribution of Animal Life in 
the .^gean Sea. 

The Earl of Rosse’s Telescope. 

Geology of North America. 

The Gigant ic Tortoise of the Siwalik 
Hills in India. 

I^rogress of Terrestrial Magnetism. 

Geology of Russia. 

Fossil Mammalia of the British Isles. 

Valley and Delta of the Mississippi. 

Propert ies of the Explosive substance 
discovered by Br. Schonbein; also 
some Researches of his own on the 
Becomposi tion of Water by Heat. 

Shootdng Stars. 

Magnetic and Diamagnetic Pheno¬ 
mena. 

The Dodo maptiis)* 

Metallurgical Operations of Swansea 
and its nexglibourhood. 

Recent Microscopical Discoveries. 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying velocities on Railways. 

Passage of the Blood through the 
minute vessels of Animals in con¬ 
nexion with Nutrition. 

Extinct Birds of New Zealand. 
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Date and Place 

Lecturer 

1851. Ipswich ... 

Prof. B. Owen, M.D., 

1852. Belfast. 

G.B.Airy,F.B.S.,Astron. Eoyal 
Prof, G. G. Stokes, D.C.L., 
F.B.B. 

Colonel I’ortlock, B.B., F.R,S- 

1853. Hull. 

Prof. J. Phillips, LL.D., F.B.S., 

F.G.S. 


1854. Liverpool... 

Robert Hunt, F.B.S. 

Prof. B. Owen, M.D., F.B.S. 
Col. E. Sabine, V.P.B.S. 

1855. Glasgow ... 

Dr. W. B. Ca,rpenter, F.B.S. 
Lieut.-Col. H. Bawlinson ... 

1856. Cheltenham 

Col. Sir H. Bawlinson. 

1867. Dublin. 

1858. Leeds . 

1869. Aberdeen... 

W. B. Grove, F.B.S... 

Prof. W. Thomson, F.B.S. ... 
Bev. Dr. Livingstone, D.O.L. 
Prof. J, Phillips,LL.D.,F.R.S. 
Prof. R. Owen, M.D., F.B.S. 
Sir R, I. Murchison, D.O.L.... 
Rev. Dr. Robinson, F.B.S. ... 

1860. Oxford. 

1861. Manchester 

1862. Cambridge 

1863. Newcastle 

Bev. Prof. Walker, F.R.S. ... 
Captain Sherard Osborn, B.N. 
Prof. W. A. Miller, M.A.,F,E.S. 
G.B.Airy,F.R.S.,Astron.Boyal 
Prof. Tyndall, LL.D., F.B.S. 

Prof. Odling, F.R.S. 

Prof. Williamson, F.B.S. 


James Glaisber, F,R.S. 

1864. Bath. 

Prof. Boscoe, !F.R.S. .. 

1865. Birmingham 

Dr. Livingstone, F.B.S. 

J, Beete Jukes, F.R.S. 

1866. Nottingham 

William Huggins, F.B.S. *.. 

1867, Dundee. 

Dr. J. D. Hooker, F.B.S....... 

Archibald Geikie, F.E.S. 


Alexander Herschel, F.B.A.S. 

1868, Norwich ... 

J. Fergusson, F.B.8.. 

1869, Exeter . 

Dr. W. Odling, F.R.S. 

Prof. J. Phillips, LL.D.,F.B,S. j 
J. Norman Lockyer, F,R.S.... 


Subject, of Dlsoourfcic 


Distinction between Plants and Ani¬ 
mals, and ibeir ebanj^evs of l-t'ortm 

Total Solar Del ipso of July 28,1851* 

Eooent discoveries inthtj proportien 
of Light. 

Becent discovery of Bock-salt. at. 
CaiTickfergus, and geological arul 
practical oonsidex’atioiis conn ect ed 
with it. 

Some peculiar Phenomena in t.be 
Geology and Physical Geography 
of Yorkshire, 

The present state of Photography. 

Anthropomorphous Apos. 

Progress of researches in TciTCstrial 
Magnetism. 

Characters of Species. 

Assyrian and Babylonian Antiquities 
and Ethnology. 

Becent Discoveries in Assyria and 
Babylonia, with the rosult.s of 
Cuneiform research up to tbt^ 
present time. 

Correlation of Physical Eorces, 

The Atlantic Telegraph. 

Becent Discoveries in Africa. 

The Ironstones (^f Yorkshire. 

The Fossil Mammalia of Australia. 

Geolojprof the Noii horn Highlands. 

Electrical Disclmrgcs in highly 
rarefied Media. 

Physical Constitution of the Him. 

Arctic Discovery. 

Spectrum Analysis. 

The late Eclipse of the Bun. 

The Forms and Action of Wat.er. 

Organic Chemistry. 

The Ohemistryof tho CJalvanic Bat* 
tery considered in relation to 
Dynamics. 

The Balloon Ascontn made for the 
British Association. 

The Chemical Action of Light.. 

Bccout Travels in Africa. 

Probabilities as to tho posit hm and 
extent of tiie Ooal-m(^asures be¬ 
neath the red rocks of tlu5 Miti- 
land Counties. 

The results of Bpoctriim Analysis- 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origint^f the present 
Scenery of ScotJaud. 

The present state of knowledge re¬ 
garding Meteors and Meteorites. 

Archeology of the early Buddhist 
Monuments. 

Beverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebula^.. 













LECTUKES TO THE OPBKATIVE CLASSES, 


Iv 


Date and Place Lecturer Subject of Discourse 


1870. Liverpool... Prof. J. Tyndall, LL.D., F.B.S. The Scienthic Use of the Imagination. 

Prof.W. J.^TacquornEankino, Stream-lines and Waves, in connec- 
LL.D., F.E.H. tion with Naval Architecture. 

187L Edinburgh F. A. Abel, P.E.B. Some recent investigations and ap¬ 

plications of Explosive Agents. 

E. B. Tylor, F.E.S.The Eolation of Primitive to Modern 

Civilization. 

1872, Brighton ... Prof. P.Martin Duncan, M.B,, Insect Metamorphosis, 

F.E.S. 

Prof. W. K. Clifford.The Aims and Instruments of Scien¬ 

tific Thought. 

1873, Bradford ... Prof. W. C.Williamson,F.E.S. Coal and Coal Plants. 

Prof. Clerk Maxwell, P.E.S, Molecules. 

1874, Belfast. Sir John Lubbock,Bart.,M.P., Common Wild Flowers considered 

F.E.S. in relation to Insects. 

Prof. Huxley, F.E.S.. The Hypotliesis that Animals are 

Automata, and its History. 

1876. Bristol. W,Spottiswoodo,LL.D.,F.E.S. The Colours of X^olarized Light, 

F, J. Bramwcll, F.E.S. Eailway Safety Appliances. 

1876. Glasgow ... Prof. Tait, F.R.8.E. Force. 

SirWyville Thomson, FE.S. The ClhaUmign Expedition. 

1877. Plymouth... W. Warington Smyth, M.A., Tho Physica!l Phcnomona connected 

F.E.S. with the Mines of Cornwall and 

Devon. 

Prof. Odling, IT.R.S.The new Element, Gallium. 

1878. Dublin. G. J. Eomanes, F.L.S. Animal Intelligence. 

Prof, Dewar, F.E.S.. Dissociation, or Modern Ideas of 

Chemical Action. 

1879. Sheffield ... W. Crookes, F.E.S.. Radiant Matter. 

Prof, B. Bay Lankester, F.E.S. Degeneration, 

1880. Swansea ... Prof. W. Boyd Dawkins, Primeval Man, 

F.E.S. 

Francis Gallon, F.E.S.. Mental Imagery. 

1881. York. Prof. Huxley, Sec. E.S. ...... The Bise and ih'ogress of Palason* 

tology. 

W. Spottiswoode, Pres. E.S. Tho Electric Discharge, its Forms 

and its Functions. 

1882. Souibarap- Prof.SirWm.Thomson*F.E.S. Tides. 

ton. Prof. H, N. Moseley, F.E.S. Pelagic Life. 

1883. Southport Prof. B, S. Ball, BMLS.. Becent EcKsearches on the Distance 

of the Sun. 

Prof. J, G. McKcndrick, Galvani an<i Animal Electricity. 
F.E.S.E. 

1884. Montreal... Prof. 0. J, Lodge., D.Sc. Dust. 

Rev. W. H. Dallinger, F.E.S. Tho Modern Microscope in Be- 

searohes on the Least and Lowest 
Forms of Life. 


Lectv/reB to the Operative Classes. 

1867. Dundee...... Prof.LTyndall, LL,D.,F.E.S. Matter and Force. 

1868. Norwich ... Prof, Huxley, LL.D., F.B,S. A Piece of Chalk. 

1869. Exeter.Prof. Miller, M.D., F.R.S. ... Experimental illustrations of the 

modes of detecting the Composi¬ 
tion of the Sun and other Heavenly 
Bodies by the Spectrum. 

1870. Liverpool... Sir John Lubbock, Bart.,M.P., Savages. 

F.R,S. 

1872. Brighton ... W.Spottiswoode,LL.D.,F.R*S. Sunshine, Sea, and Sky, 
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Date and Place J.ecturei‘ Subject of Discourae 


1873. Bradford ... C.W.Siemens, D.C.L.,F.R.S. Fuel. 

1874. Belfast. Prof. OdlinK, . The Discovery of Oxygen. 

1875. Bristol. Dr. W. B. Carpenter, F.R.S. A Piece of Limestone.^ 

1876. Glasgow ...Commander Cameron, C.B., A Journey ilirongh Africa. 

IIN, 

1877 Plymouth... W. H. Prcocc... Telegraphy and the Telephone. 

1879. Sheffield ... W. K. Ayrton . Mcctricity as a Motive Power. 

1880. Swansea ... T-I. Seebohm, B\55.S.. The North*Bast Passage, 

1881. York. Prof. Osborne Reynolds, Raindrops, Hailstones, and Snow- 

flakes. 

1882. Southamp- John Evans, D.C.L.Trcas.R.S. Unwritten History, and how to 

ton. read it, 

1883. Southporl Sir P. J. Bramwell, lf.ll.S. ... Talking by Electricity—Telephones. 

1884. Montreal ... Prof. R. S. Ball, F.R.S. Comets. 
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OmOERS OF SEOTIOlSrAL COMMITTEES PRESENT AT THE 
MONTREAL MEETING. 

SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE. 

President, —Professor Sir William Thomson, M.A., LL.D., D.O.L,, 

E. E.S.L. & E., P.R.A.S. 

Tice-Fresidents. —Professor J. C. Adams, F.R.S. ; Professor R. S. Ball, 

F. R.S.; Professor J. B. Cherriman, M.A.; J. W, L. Glaisher, 
F.R.S.; Professor 0. Henrici, F.R.S.; Professor S. Newcomb. 

Secretaries —Charles Carpmael, M.A.; Professor W. M. Hicks, M.A.; 
Professor A, Johnson, LL.D.; Professor Oliver J. Lodge, D.Sc.; D. 
MacAhster, M.D. (^Recorder). 

SECTION B.—CHEMIC.a SCIENCE. 

President, —Professor Sir H. E, Roscoe, Ph.D., LL.D., F.R.S., F.C.S. 

Vice-Presidents, —Professor Dewar, F.R.S.; Professor Wolcott Gibbs ; 
Professor B. J. Harrington, Ph.D. 5 W. H. Perkin, F.R.S., Pres.O.S. 

Secretaries, —^Professor P. Phillips Bedson, D.Sc. {Recorder) j H. B. 
Dixon, M.A.; T. McFarlane ; Professor W. H. Pike, M.A. 


SECTION C.—GEOLOOT. 

President^W, T. Blanford, LL.D., F.R.S., Sec.G.S. 

Vice^Presidenis.-^PrQhBBov 3, Geikie, F.R.S.; Professor J. Hall, LL.D.; 
Major J. W. Powell; Professor T. Rupert Jones, F.R.S .5 A. B. 0, 
Selwyn, F.R.S. 

Secretaries, —F. Adams, B.Ap.Sc.; Professor E. W. Olaypole, B.Sc.; W. 
Topley, F.G.S. (Recorder); W. Whitaker, F.G.S. 


SECTION n.—BIOLOGY. 

President—PwleBsov Moseley, M.A., LL.D., F.R.S., F.L.S., P.R.G.S. 

Vice^-Presidents, —G. E. Dobson, F.R.S.; Professor George Lawson, 
LL.D. 5 William Oarrnthers, F.R.S.; Professor A. Milnes Marshall, 
D.Sc.; Professor Schafer, P.R.S.; P. L. Sclater, F.B,S. 

Secretaries ,—Professor W. Osier, M.D.; Howard Saunders, F.L.S. 
{Recorder); A. Sedgwick, M.A.; Professor R. Ranisay Wright, B.Sc. 
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SECTION B.—GEOGBAPHT. 

Tresidmil^Gomml Sir J. H. Lefroy, O.B., K.O.M.G., LL.I>„ 
Vice-Pres. E.G.S. 

Vice-^Presidents .—Colonel Rhodes; P. L. Sclator, M.A., Ph*D., F.E.S. 

Secretaries, —Rev. Abbe Laflamme; J, S. O’Hallomn; J. Eraser Torrance^ 
B.A*; E. Q-. Ravenstein, F.R.G.S. (Becorder), 


SECTION F,—ECONOMIC SCIENCE AND STATISTICS. 

President—Siv Richard Temple, Bart., G.O.S.I., CJ.E., D.O.L,, LL.D., 
E,R.G.S. 

Vice-Presidents, —J. B. Martin, M.A., F.S.S.; Professor 3, Clai'k Murray, 

LL.D. 

Secretaries .—Professor H. S. Foxwell, F.S.S. (Becorder ); 3, S. McLennan, 
B.A.; Professor J. Watson, TjL,D. 


SECTION G.—MECHANICAfi SCIENCE. 

President—Siv F. J. Bramwell, LL.D., F.R.S., V.P.Inst.O.E. 

Vice-Presidents ,—Professor H. T. Bovey, M.A.; B. P. Hannaford; V. 0. 
Van Horn; J. F. LaTrobe Bateman, F. R.S.; W. E. Preece, F.E.S.; 
Professor Thurston; Herbert Wallis; Sandford Fleming. 

Secretaries, —A. T. Atchison, M.A. (Becorder) \ W. B. Dawson; J. 
Kennedy, O.E.; H. T. Wood, M.A. 


SECTION n.—ANTEBOPOLOGY. 

President—'E, B. Tylor, D.C.L., LL.D., F.R.S. 

Vhe-Presidenis ,—Professor W. Boyd Dawkins, M.A., F.R.S.; ProfosHor 
Daniol Wilson, LL.D., F.R.S.B.; Major 3, W. Powell; Sir W. 
Dawson, LL,D., F.R.S. 

Secretaries,—G, W. Bloxam, F.L.S. (Becorder) \ Walter Hurst, B.Sc. 
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BEPOHT— 1884. 


TahU showmg the Attendance and Receipt 


pate of Meeting Wlxereheld 


Presidents 


Old Life New Life 
Members Members 


1881, Sept. 27 ... 
1883, June 19 ... 

1883, June 35 ... 

1884, Sept. 8 ... 

1835, Aug. 10 ... 

1836, Aug. 22 ... 

1837, Sept. 11 ... 

1838, Aug, 10 ... 

1839, Aug. 26 ... 

1840, Sept. 17 ... 

1841, July 20 ... 

1842, June 23 ... 

1843, Aug. 17 ... 

1844, Sept. 26 ... 
1846, June 19... 

1846, Sept. 10... 

1847, June 23 ... 

1848, Aug. 9 ... 

1849, Sept. 12 ... 

1850, July 21 ... 

1861, July 2 ... 

1862, Sept. 1 ... 

1863, Sept, 3 ... 

1864, Sept, 20.. 

1865, Sept. 12 ... 
1856, Aug. 6 •• 

1867, Aug. 36 .. 

1868, Sept. 22 .. 

1859, Sept. 14 .. 

1860, June 27 .. 

1861, Sept. 4 .. 

1862, Oct. 1 .. 

1863, Aug. 26 .. 

1864, Sept. 13 .. 

1866, Sept. 6 

1866, Aug. 32 .. 

1867, Sept. 4 .. 

1868, Aug, 19 

1869, Aug. 18 .. 

1870, Sept. 14,. 

1871, Aug. 2 .. 

1872, Aug. 14.. 

1873, Sept. 17 .. 

1874, Aug. 19 .. 
1876, Aug. 26 ,. 

1876, Sept. 6 .. 

1877, Aug. 16 .. 

1878, Aug, 14 .. 

1879, Aug. 20 .. 

1880, Aug. 25 

1881, Aug. 81 .. 

1882, Aug. 23 .. 

1883, Sept. 19 

1884, Aug. 27 .. 


York. 

Oxford . 

Cambridge . 

Edinburgh . 

Dublin . 

Bristol .. 

Liverpool. 

Newcastle-on-Tyne 

Birmingham. 

Glasgow . 

Plymouth. 

Manchester . 

Cork . 

York . 

Cambridge . 

Southampton . 

Oxford . 

Swansea . 

Birmingham. 

Edinburgh .. 

Ipswich. 

Belfast .. 

Hull .. 

Liverpool... 

Glasgow .. 

Cheltenham.. 

Dublin . 

Leeds. 

Aberdeen. 

Oxford . 

, Manchester.. 

Cambridge .. 

Newcastle-on-Tyne 

Bath .. 

Birmingham. 

, Nottingham. 

Dundee... 

Norwich .. 

Exeter ... 

, Liverpool. 

. Edinburgh . 

. Brighton ... 

. Bradford ... 

. Belfast. 

. Bristol .. 

. Glasgow . 

. Plymouth. 

, Dublin .. 

. Sheffield . 

. Swansea . 

. York . 

, Southampton . 

. Southport............ 

, Montreal ... 


The Earl Pitzwilliam, D.C.L. 
The Kev, W. Buckland, P.R.S. 
The Eev. A. Sedgwick, E,B.S. 

Sir T. M. Brisbane, D.C.L. 

The Rev. Provost Lloyd, LL.D. 
The Marquis of Lansdowne ... 
The Earl of Burlington, P.R.S. 
The Duke of Northumberland 
The Rev. W. Vernon Harcourt 
The Marquis of Breadalbane... 
The Rev. W, Whewell, P.R.S, 

The Lord Francis Eger ton. 

The Earl of Rosse, E.R.S. 

The Rev. G. Peacock, D.D. ... 
Sir John E. W. Herschel, Bart. 
Sir Roderick I. Murchison,Bart. 

Sir Robert H. Inglis, Bart. 

The Marquis of Northampton 
The Rev. T. R. Robinson, D.D. 
Sir David Brewster, K.H. 

G. B. Airy, Astronomer Royal 
Lieut.-General Sabine, F.R.S. 
William Hopkins, F.R.S. ...... 

The Earl of Harrowby, F.R.S, 
The Duke of Argyll, F.R.S. ... 
Prof. C. G. B, Daubeny, M.D. 
The Rev.Humphrey Lloyd, D.D. 
Richard Owen, M.D., D.C.L,,.. 

H. R.H. the Prince Consort ... 
The Lord Wrottesley, M.A. 
WilliamPairbairn,LIj.D,,F.E.S. 
The Rev. Professor Willis, M.A. 
Sir William G. Armstrong, C.B. 
Sir Charles Lyell, Bart., M.A. 
Prof. J. Phillips, M.A., LLD. 
William R. Grove, Q.O., F.R.S. 
The Duke of Buccleucli,R.O.B, 
Dr. Joseph D. Hooker, F.11.S. 

Prof. G. G. Stokes, D.C.L. 

Prof, T. H. Huxley, LL.D;. 

Prof. Sir W. Thomson, LL.D. 
Dr. W. B. Carpenter, F,R.S.... 
Prof. A. W. Williamson, T'.B.S. 
Prof. J. Tyndall, LL.D., F.R.S. 
SirJohnHawkshaw,C.E.,F.R.8. 
Prof. T. Andrews, M.D., F.R.S. 
Prof. A. Thomson, M.D., F.R.S. 
W. Spottiswoode, M.A., ]B\R,S. 
ProtG. J. Allman, M.D., F.R.B. 
A. C. Ramsay, LL.D., F.R.S.... 
Sir John Lubbock, Bart., F.R.S. 
Dr. C. W. Siemens, F.R.S. 

j Prof. A. Cayley, D.C.L., B\R.S. 
Prof. Lord Rayleigh, F.R.S, ... 




























































ATTENDANCE AND RECEIPTS AT aNNFAL MEETINGS. Ixi 

at Annual Medinr/s of the Assooiation. 


Attended by 

Amount 
received 
during the 
Meeting 

Sums paid on 
Account of 
Grants for 
Scientilic 
Purposes 

Year 

Old 

Annual 

Members 

New 

Annual 

Members 

Asso¬ 

ciates 

Ladies 

For¬ 

eigners 

Total 






363 



1831 









1832 






900 



1833 






1298 


£20 0 0 

1834 





... 

... 


167 0 0 

1835 



... 


... 

1350 


435 0 0 

1836 



... 

... 

... 

1840 


922 12 6 

1837 




1100» 

... 

2400 


932 2 2 

1838 





34 

1488 


1596 11 0 

1839 




... 

40 

1363 


1546 16 4 

1840 

io 

sTr 


fiO* 


891 


1235 10 11 

1841 

75 

376 

33t 

331* 

28 

1316 


1449 17 8 

1842 

71 

185 

... 

160 

... 



1S86 10 2 

1843 

45 

190 

9t 

2G0 


... 


081 12 8 

1844 

94 

22 

407 

172 

85 

1079 


831 9 9 

1846 

65 

39 

270 

196 

86 

857 


685 16 0 

1846 

197 

40 

495 

203 

58 

1820 


208 5 4 

1847 

54 

25 

376 

197 

15 

819 

£707 0 0 

276 1 8 

1848 

93 

88 

447 

237 

22 

1071 

i)63 0 0 

169 19 6 

1849 

128 

42 

610 

273 

44 

1241 

1085 0 0 

346 18 0 

1860 

61 

47 

244 

141 

37 

710 

C30 0 0 

391 9 7 

1851 

68 

60 

610 

292 

9 

1108 

1085 0 0 

304 6 7 

1862 

66 

67 

367 

236 

6 

876 

903 0 0 

206 0 0 

1863 

121 

121 

765 

624 

10 

1802 

1882 0 0 

380 19 7 

1854 

142 

101 

1094 

643 

26 

2133 

2311 0 0 

480 16 4 

1856 

104 

48 

412 

346 

9 

1116 

1098 0 0 

734 13 9 

1856 

166 

120 

900 

669 

26 

2022 

2015 0 0 

607 15 4 

1857 

111 

91 ! 

710 i 

609 

18 

1698 

1931 0 0 

618 18 2 

1858 

1255 

179 i 

1206 1 

821 

22 

2664 

2782 0 0 

684 n 1 

1859 

177 

69 

686 

463 

47 

1689 

1604 0 0 

766 19 6 

1860 

184 

125 

1689 

791 

16 

3138 

8944 0 0 

nil 5 10 

1861 

150 

67 

483 

242 

25 

1161 

1089 0 0 

1293 16 6 

1862 

154 

209 

1701 

1001 

26 

8886 

8610 0 0 

1608 3 10 

1863 

IH2 

108 

1110 

1068 

18 

2802 

2966 0 0 

1289 16 8 

1864 

216 

149 

766 

608 

28 

1997 

2227 0 0 

1591 7 10 

1866 

218 

106 

960 

771 

n 

2808 
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REPORT OP THE COUKOIL. 

Re^^ort of the Oomicil for the year 1883-84, ^presented to the General 
Committee at Montreal, on Wednesday, August 27, 1884. 

The Council have received reports during the past year from the 
General Treasurer, and his account for the year will be laid before the 
General Committee this day. 

Since the meeting at Southport, Dr. P. Lindemann and Dr, Ernst 
Schroder have been elected Corresponding Members of the Association. 

The present meeting o£ the British Association, the fifty-fourth in 
number, is likely to be long memomblo in its annals, as the first held 
beyond the limits of the United Kingdom. It marks a new point of 
departure, a^^d one probably never contemplated by the founders of the 
Association, although not forbidden by the laws which they drew up. 
The experiment was doubtless a hazardous one, but it seems likely to be 
justified by success; and it may be hoped that the vigour and vitality 
gained by new experience may ultimately compensate for the absence 
from this meeting of not a few familiar faces among the older membei*s ; 
there will, however, be as large a gathering of members of more than one 
year’s standing as is nsual at a successful meeting in Great Britain, and 
the efforts which have been made by our hosts to facilitate the coming of 
members, and render their stay in Canada both pleasant and instructive, 
call for the warmest acknowledgment. 

The inducements offered to undertake the journey were indeed so 
great that the Council felt that it would be nocossaiy to place some 
restriction u])on the election of now members, which for many years past, 
though not unchcokod in theory, has been almost a matter of course in 
practice. Obviously these offers of the Canadian hosts of the British 
Association wore made to its members, not to those on whom they might 
operate as an inducement to be eni’olled amongst its members. Tho 
Council, therefore, before tho close of the Southport meeting, published 
the following resolution:—‘That after the termination of tho present 
month (September 1883), until further notice, new members be only 
elected by special resolution of the Council.’ Applications for admission 
under these terms were very numerous, and wero carefully sifted by the 
Council. Still, although the Council, as time progressed and tho numbor 
augmented, increased the stringency of their requirements, it became 
evident that the newly-elocted members would soon assume an unduly 
large proportion to those of older standing, so that on May 6, after electing 
130 members under this rule, it was resolved to make no more elections 
until the commencement of the Montreal meeting, when it would be safe 
to revert to the usual practice. 

The details of the arrangements made for the journey have already 
been communicated to the members, so that it is needless to make any 
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further special reference to them; bat the Council have to acknowledge 
the great liberality of the Associated Cable Companies in granting, under 
certain restrictions, free ocean telegraphy to the members of the Associa¬ 
tion during the meeting. 

The death of Sir William Siemens has deprived the Association of one 
of its most earnest supporters and friends. It was during his presidency 
at Southampton that the invitation to Montreal was accepted, and ho was 
appointed at Southport a Vice-President for this meeting. The Council 
nominated Sir J. D. Hooker a Vice-President, but he was unfortunately 
obliged, for domestic reasons, to resign the nomination in the early part 
of the summer. 

It has been the custom at meetings of the Association to invito the 
attendance of distinguished men of science from all parts of the world ; 
but the Council considered that on the present occasion it would bo well 
to offer a special welcome to the American Association (of which also 
several eminent Canadian men of science are members); they have 
accordingly issued an invitation to the Standing Committee and Pollows 
of that Association to attend the meeting at Montreal on the footing of 
Honorary Members. 

The Council were informed some time since that the General Treasurer 
would be prevented from attending the meeting at Montreal. They 
decided accordingly on the present occasion (as the usual assistant to the 
General Treasurer could not be present) to appoint a Deputy Treasurer 
and a Financial Officer; the latter to undertake the duties discharged by 
the assistant, together with some of those which usually fall upon the 
Treasurer. To the former office they have nominated Admiral Sir 
Erasmus Omraanney, C.B., F.R.S.; to the latter, Mr. Harry Brown, 
Assistant Secretary of University College, Loudon. 

Four resolutions were referred by the General Oommitteo to the 
Council for consideration, and action if desirable:— 

(1) That the Council be empowered, if they think fit, to form a sepa¬ 
rate section of Anthropology, and to give to the section of Biology the 
title ‘ Section D.—^Biology (Zoology, Botany, and Physiology).* 

The Council, after consideration, resolved to form a separate sociioti 
of Anthropology, with the title ‘ Section H,—Anthropology,* but con^ 
sidered that it was better to continue to designate the section of Biology 
by the simpler title ‘ Section D.—^Biology.* 

(2) That application bo made to the Admiralty to iustituio a Physical 
and Biological Survey of Milford Haven and the a(ljacotit coast of 
Pembrokeshire, on the plan followed by the American Pishorios OmumisBion, 

The Council, after appointing a Committee to consider the lu^eesBary 
details, duly made application, and have been informed by the Lords of 
H.M. Treasury that they regretted to be unablo to institute such a survey, 
as the Admiralty had no vessels available for this service. 

(3) That the Council of the British Association be requested to 
consider the report of the Committee of Section A respecting the suppres¬ 
sion of four of the seven principal observatories of the Meteorological 
Council, and to forward a copy of the same to the Meteorological OounoiL 

The Council, after consideration of the above report, communicated 
with the Meteorological Council as directed. A reply was duly received, 
and in view of the statements therein made, and of supplementary 
information that arrangements had been made whereby thro© out of the 
four observatories relinquished by the Meteorological Council would b© 
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-continued, tliougli on a somewhat different footing, it was considered 
needless to proceed further in the matter. 

(4) That the Council of the British Association he requested to com- 
munioate at the earliest opportunity with the Executive Committee of the 
International Fisheries Exhibition, in order to urge upon that body the 
■appropriation of a sufficient sum out of the surplus funds remaining in 
their hands at the close of the Exhibition, to found a laboratory on the 
British Coast for the study of Marine Zoology; and to point ont, as a 
reason for such appropriation, the great value to science, and to the 
prosperity of the fisheries industries, of such an institution, 

A communication was duly made to the Executive Committee of the 
International Fisheries Exhibition, but there does not seem any prospect 
of such an appropriation of the surplus funds. 

The Council have been informed that, through an inadvertence, the 
resolution of the Sectional Committee recommending the reappointment 
of the Committee on Screw Gauges was not transmitted to the Secretary 
in time to be considered by the Committee of Recommendations, and so 
did not receive the sanction of the General Committee. The Council, 
having regard to the importance of the work carried on by that Com¬ 
mittee, have requested them, through their Secretary, to continue their 
labours and make a report as if duly appointed. The Council ask that 
this action of theirs bo sanctioned, and that the above-named report be 
received and printed among the reports of the committees duly appointed. 

The report of the Committee on Local Scientific Societies, mentioned 
in the report of the Council presented at the Southport meeting, has been 
printed in the volume for 1883; and the Council, believing that the sug¬ 
gestions made therein will be for the advantage of the Association, have 
considered the alterations which their adoption would make necessary in 
the rules. It is proposed to reserve the consideration of this question by 
the General Committee for the meeting to be held in London in November. 
The following are the alterations which will he necessary:— 

No. I —^In Bules^ General Committee, Class B.—Temporary Members. 
To replace the first clause (The President .... representing 
him) by the following: ‘ Delegates nominated by the Correspond¬ 
ing Societies under the conditions hereinafter explained.’ 

No. 11.—To insert in Buies, between the sections headed respectively 
OommiUee of BeQommendatiom and Local OommiUee^ the following 
sections:— 

Oorresjoonding Societies. 

‘ (1.) Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga¬ 
tions, and publishes notices of the results. 

‘ (2.) Applications may be made by any Society to be placed on the 
List of Corresponding Societies. Application must be addressed to the 
‘Secretary on or before the first of June preceding the annual meeting at 
which it is intended they should be considered, and must be aooompanled 
by specimens of the publications of the results of the local scientific 
investigations recently undertaken by the Society. > 

‘ (3.) A Corresponding Societies Committee shall be annually nomi¬ 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
1884 d 
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tbemselves generally informed of the annual work of fclie Cormspondlng 
Societies, and of superintending the preparation of a list of ilu' papers 
published by thorn. This Committee shall make an annual report t(» the 
General Committee, and sliall suggest sucli additions or cdiangi'S in iho 
List of Corresponding Societies «as they may think desirable. 

‘ (4) Every Corresponding Society slaall rotnni eadi yc^ar, on or 
before the 1st of dune, to the Secretary of the AsstKnation, a stdmdulo, 
properly filled up, -which will bo issued by the Secretary of the Associa¬ 
tion, and which will contain a request for such particulars witli rega>r<l to 
the Society as may be required for the information of the Oorrospotiding 
Societies Committee. 

‘ (5.) There shall be inserted in the Annual Report of the Association 
a list, in an abbreviated form, of tbe papers published by the Corresponding 
Societies during tbe past twelve months which contain the results of the 
local scientific work conducted by them ; those papers only being included 
which refer to subjects coming under the cogniziauco of one or other of 
the various Sections of the Association. 

‘ (6.) A Corresponding Society shall have the right to nominate any 
one of its members, who is also a member of the Association, as its <iolo- 
gate to the annual meeting of the ABSOciation, who shall bo for the iimo a 
member of the General Committee. 

‘ Gonference of Delegates of GorTes 2 )ondlng Societies, 

‘ (7.) The Delegates of the various Corresponding Societies shall con¬ 
stitute a Conference, of which the Chairman, Vice-Ohainnon, and Secre¬ 
taries shall be annually nominated by the Council, and appointed by the 
General Committee, and of which the members of the CorrcHponding 
Societies Committee shall be ex officio members. 

‘ The Conference of Delegates shall bo summoned by the Secrctarios 
to hold one or more meetings during each annual mooting of the Associa¬ 
tion, and shall be empowered to invite any member oi* associate to take 
part in the meetings. 

* The Secretaries of each Section shall be instnictod to transmit to tho 
Secretaries of the Conference of Delegates copies of any recommendations 
forwarded by tho Presidents of Sections to tho Oomtnitteo of Rocomtrum- 
dations hearing upon matters in which tho co-opQrati(m of Cori*esponding 
Societies is desired; and tho Secrotarios of the Oonforonee of J lelegatcB 
shall invite the authors of these recommendations to attend tho mcatings 
of the Conference and give verbal explanations of thoir olyects and of tho 
precise way in which they would desire to have them carried into 
effect. 

‘ It will he the duty of the Delegates to make themselves familiar with 
the purport of the several recommendations brought before the Confer¬ 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear¬ 
ing on the promotion of more systematic observation and plans of opera¬ 
tion, and of greater uniformity in the mode of publishing results.* 

The vacancies in the Council t 6 be declared at the General Committee 
meeting in November will be Lord Rayleigh, who has assumed tho Presi¬ 
dency, together with the following who retire in the ordinary oouree; 
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Mr. F. Darwin, Mr. Hastings, Dr. Huggins, and Dr. Bnrdon Sanderson; 
and the Council will recommend for re-election on that occasion the other 
ordinary Members of Council, with the addition of the gentlemen whose 
names are distinguished by an asterisk in the following list:— 


Abney, Captain W. de W. 
Adams, Professor W. G. 

'^Ball, Professor R. S. 

Bateman, J, P. La Trobe, Esq. 
Bramwell, Sir P. J. 

Dawkins, Professor W. Boyd. 

De La Rue, Dr. Warren. 

Dewar, Professor J. 

Evans, Captain Sir P. eT. 

Plower, Professor W. H. 
Gladstone, Dr. J. H. 

Glaisher, J. W. L., Esq. 
Godwin-Austen, Lieut.-Col. H. H. 


Hawkshaw, J. Clarke, Esq. 
Henrici, Professor 0. 

Hughes, Professor T. McK. 
Jefii’eys, Dr. J. Gwyn. 

^Moseley, Professor H. IST. 
“^Ommanney, Admiral Sir E. 
Pengelly, W., Esq. 

Perkin, Dr. W. H. 

Prestwich, Professor. 
Sclater-Booth, The Right Hon. 
Geoi’ge. 

Sorby, Dr. H. 0. 

'^'Temple, Sir R. 


In accordance with the decision arrived at by them at Southport, the 
General Committee will meet on Tuesday, 11th November, at 3 o^clock in 
the afternoon, in the Theatre of the Royal Institution, Albemarle Street, 
London, W., for the transaction of the following business, viz.:— 

To elect the President, Officers, and Council for 1884“5. 

To fix the date of meeting for 1885. 

To appoint the place of meeting for 1886. 

To consider the alteration of rules necessary to give effect to the 
recommendations of the Committee on Local Scientific Societies. 


Sujpplementarif Report presented to the General Oovmvlttee at the Meeting 
held at the Royal Institution, London, Nommber 11, 1884. 

During the Meeting of the British Association at Montreal, a pro¬ 
posal was made to commemorate the first visit of the British Association 
to the Dominion of Canada, and the reception at Montreal, by founding 
a Gold Medal in the McGill University, as a permanent memorial of the 
Meeting. 

There are at present five Gold Medals in the Faculty of Arts of the 
McGill University. Two of the five are for Science subjects, but for the 
special Faculty of Applied Science there is only one Silver Medal* 

Although the final decision as to the details of the award would be 
left to the authorities of the University, it was suggested that the Medal 
should be given annually to the Graduating Class in the Faculty of 
Applied Science, any surplus, income to be expended in prizes in that 
Faculty. 

In support of this proposal private subscriptions from Members and 
Associates at Montreal were paid or promised to the amount of nearly 
600?., and it is believed that many Members of the Association who were 
unable to attend the Meeting, or who had left Montreal before the close 
thereof, will be glad to oontriWe to the fund. 
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The Oo-ancil ax^e of opinion that this commemoration of a 
which was hold under such exceptional circumstances, and wlucli proved 
so eminent a success, should not be wholly left to individual iVIeinhors 
to carry out, hut should also bear the impress of being ilio iict of the 
Association; they would therefore susrgest to the Conernl Oonimiti.<‘e 
that their sanction be given to the Council to obtain, at. ilio <^xpens(J of 
the Association, a die suitable to the occasion, and that the Cenoral 
Treasurer of the Association take the necessary steps to receive the fund 
from the Treasurer of the Committee which was formed at Montreal, and 
transmit it in a suitable manner to the authorities of McjGill Univ<‘rsity» 
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Eeoommbndations adopted by the General Coaimittee at the 
Montreal Meeting m Ahgust and September 1884 

[WGien Committoos are appointed, the Member Brst named is regarded as the 
{Secretary, excexDt there is a sx>eciiic nomination.] 

Imolmng Grants rtf Money. 

That Professor Balfour Stewart (Secretary), Mr. Knox Latighton, Mr. 
G. J. Symons, Mr. R. H. Scott, and Mr. Johnstone Stoney be reappointed 
a Committee, with power to add to their number, for tlie purpose of co¬ 
operating with Mr. E. J. Lowe in his project of establisldng a Meteoro¬ 
logical Observatory near Chepstow on a permanent and scientific basis, 
and that the unexpended sum of 25Z. bo again placed at their disposal 
for the purpose. 

That Mr. Robert H. Scott, Mr. J. Korman Lockyor, Professor Q. G. 
Stokes, Professor Balfour Stewart, and Mr. G. J. Symons be reappointed 
a Committee for the purpose of co-operating with the Meteorological 
Society of the Mauritius in their proposed publication of Daily Synoptic 
Charts of the Indian Ocean from the year 1861; that Mr. R. H. Scott be 
the Secretary, and that the still unexpended sum of 501. be again placed 
at their disposal for the purpose. 

That Mr. James N. Shoolbrod and Sir W. Thomson be reappointed 
a Committee for the purpose of reducing and tabulating the Tidal Obser¬ 
vations in the English Channel made with the Dover Tide-gauge, and of 
connecting them with observations made on the French coast; that Mr. 
Shoolbred be the Secretary, and that the siiin of 10/. ho placed at their 
disposal for the purpose. 

That Professor Cayley, Professor G. G, Stokes, Sir‘William Thomson, 
Mr. James Glaishor, and Mr. J. W. L, Glaisher bo reappointed a Com¬ 
mittee for the purpose of calculating certain tables in the Theory of 
Kumbers, connected with the divisors of a number; that Mr. J. W. L. 
Glaisher be the Secretary, and that the sum of 100/. be placed at tbeir 
disposal for the purpose. 

That Professor Crum Brown, Mr. Milne-Holme, Mr. John Murray, 
and Mr. Buchan be reappointed a Committee for the purpose of co¬ 
operating with the Scottivsh Meteorological Society, in making meteoro¬ 
logical observations on Ben Nevis ; that Professor Crum Brown be the 
Secretary, and that the sum of 50/. be placed at their disposal for the 
purpose. 

That Professor Schuster, Professor Ba-lfour Stewart, Professor Stokes, 
Mr, G, Johnstone Stoney, Professor Sir H. E. Roscoe, Captain Abney, and 
Mr, G. J. Symons be reappointed a Committee for the purpose of con¬ 
sidering the best methods of recording the direct intensity of Solar Eadia- 
tion; that Professor Schuster be the Secretary, and that the sum of 20/, 
Be placed at their disposal for the,purpose. .: . 
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That Mr. John Murray, Professor Schuster, Sir William Thomson, 
Professor Sir H. E. Eoscoe, Professor A. S. Herschel, Captain W. cle W. 
Abney, Professor Bonney, Mr. E, H. Scott, and Dr. J. H. Gladstone be 
reappointed a Committee fm- the purpose of invc^siigaiin;^ the praciiea.. 
bility of collecting and identifying Meteoric Dust, and of (considering the 
question of undertaking regular observations in various localitieB; that 
Mr. Murray he the Secretary, and that the sum of 70/'. bo placed Uft their 
disposal for the purpose. 

That Professors Tilden and Eamsay, and Mr. W. W. J. Nicol be a 
Oommittee for the purpose of investigating the subject of Vapour ProssiiroB 
and Eefractive Indices of Salt Solutions; that Mx\ W. W. J. Nicol ho 
the Secretary, and that the sum of 25/. be placed at their disposal for the 
purpose. 

That Professors Williamson, Dewar, Erankland, Eoscoo, Cinini Brown, 
Odling, and Armstrong, Messrs. A. G, Vernon Harcoiiri, J. Millar 
Thomson, H. B. Dixon, and V. H. Veley, and Drs, F. Japp and H. Forster 
Morley he reappointed a Committee for the purpose of dra,wiiig up a 
statement of the varieties of Chemical Names which have come into use, 
for indicating the causes which have led to their adoption, aud for con¬ 
sidering what can be done to bring about some convergence of the 
views on Chemical Nomenclature obtaining among English and foreign 
chemists; that Mr. H. B. Dixon be the Secretary, and that the sum of 
5Z. be placed at their disposal for the purpose. 

That Professors Eamsay, Tilden, Marshall, and W. L. Goodwin be 
a Committee for the purpose of investigating certain Physical OoiivStants 
of Solution, especially the expansion of saline solutions ; that Professor 
W. L. Goodwin be the Secretary, and that the sum of 20/. be placed at 
their disposal for the purpose. 

That Mr. H.Bauerman,Mr.F. W.Eudler,and Mr. H. J. Johnston-Lavts 
be a Committee for the purpose of investigating the Volcanic Phenotriona 
of Vesuvius; that Mr. H. J. Johnston-Lavis be the Secrotiuy, and that 
the sum of 25/. be placed at their disposal for tho purpose. 

That Professor A. H. Green, Professor L. 0. Miall, Mr. Brigg, and 
Mr. J. W. Davis be reappointed a Committee for tho purposts of report* 
ing upon the Eaygill Fissure, Lothersdalo; that Mr. J. W. Davis tho 
Secretary, and that the sum of 15/. be placod at their disposal for tlio 
purpose. 

That Mr. E. Etheridge, Mr. T. Gray, and Professor J. MJhn^ be 
reappointed a Committco for the purpose of invesstigating tho Eartlupxake 
Phenomena of Japan; that Professor J, Milne be tho Secretary, and that 
the sum of 75/. be placed at their disposal for tho purpose. 

That Mr. E. Etheridge, Dr. H. Woodward, and Professor T. K Jones 
be reappointed a Committee for the purpose of reporting on the Fossil 
Phyllopoda of the Patoossoic Eocks; that Professor T. B». Jones be the 
Secretary, and that the sum of 25Z. be placed at their disposal for tho 
purpose. 

That Mr. W. T. Blanford and Mr. J. S. Gardner be a Oommittee 
for the purpose of reporting upon the Fossil Plants of the Tertiary and 
Secondary Beds of the United Kingdom; that Mr. Gardner be the 
Secretary, and that the sum of 50/. be placed at their disposal for tho 
purpose. 

That Dr. J. Evans, Professor W. J. Bellas, and Messrs. W. Oar* 
rnthers, F. Drew, E. B. Newton, F. W. Eudler, W. Topley, B. Wethered, 
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md W, Whitaker he reappointed a Committee for the purpose of carrying 
on the Geological Eecord; that Mr. W. Whitaker be the Secretary, and 
that the sum of 50L be placed at their disposal for the purpose. 

That Messrs. B. B. Grantham, 0. E. Be Ranee, J. B. Redman, W. 
Topley, W. Whitaker, J. W. Woodall, Major-General Sir A. Clarke, 
Admiral Sir B, Ommanney, Sir J. N. Douglass, Captain Sir F, J. O. 
Evans, Captain J. Parsons, Captain W. J. L. Wharton, Professor J. 
Prestwich, and Messrs. E. Easton, J. S. Valentine, and L, P, Vernon 
Harcourt be reappointed a Committee for the purpose of inquiring into 
the Rate of Erosion of the Sea-coasts of England and Wales, and the 
Induence of the Artificial Abstraction of Shingle or other Material in that 
Action; that Messrs. 0, B. De Ranee and W. Topley be the Secretaries, 
and that the sum of 10?. be placed at their disposal for the purpose. 

That Professor E. Hull, Dr. H. W. Crosskey, Captain Douglas Gallon, 
Professor J. Prestwich, and Messrs. James Glaisher, E. B. Marten, G, H. 
Morton, James Parker, W. Pengelly, James Plant, I. Roberts, Fox 
Strangways, T. S. Stooke, G. J. Symons, W. Topley, Tylden-Wright, E. 
Wethered, W. Whitaker, and C. E. De Ranee be reappointed a Com¬ 
mittee for the purpose of investigating the Circulation of the Under¬ 
ground Waters in the Permeable Formations of England, and the Quality 
and Quantity of the Waters supplied to various towns and districts from 
these formations; that Mr. De Ranco he the Secretary, and that the 
mm of lOZ. be placed at their disposal for the purpose. 

That Professor Ray Lankester, Mr. P. L. Sclater, Professor M. Foster, 
Mr* A. Sedgwick, Professor A. M. Marshall, Professor A, C. Haddon, 
Professor Moseley, and Mr. Percy Sladen be reappointed a Committee for 
ibe purpose of arranging for the occupation of a Table at the Zoological 
^Station at Naples; that Mr. Percy Sladen be the Secretary, and that 
the sum of 100?. be placed at their disposal for the purpose. 

That Mr. Stainton, Sir John Lubbock, and Mr. B. C. Rye he reap- 

E inted a Committee for the purpose of continuing a Record of Zoological 
terature; that Mr. Stainton be the Secretary, and that the sum of lOOZ. 
ho placed at their disposal for the purpose. 

That Mr. J. Cordeaux, Mr. J. A. Harvie Brown, Professor Newton, 
Mr. R M. Barrington, Mr. A. G. More, Mr. J. Hardy, and Mr. W. 
Eagle Clarke be reappointed a Committee for the purpose of obtaining 
(with the consent of the Master and Elder Brethren of the Trinity 
House and of the Commissioners of Northern Lights) observations on 
the Migration of Birds at Lighthouses and Lightships, and of reporting 
upon the same at the meeting of 1885; that Mr. Cordeaux be the 
Secretary, and that the sum of 30Z. be placed at their disposal for the 
purpose. 

That Sir J* Hooker, Dr. Gunther, Mr. Howard Saunders, and Mr. 
Sclater be reappointed a Committee for the purpose of exploring Kili- 
ma-njaro and the adjoining mountains of Equatorial Africa; that Mr* 
Sclater be the Secretary, and that the sum of 25Z. be placed at their 
disposal for the purpose. 

That Dr. H. 0* Sorby and Mr. G. R. Vine be a Committee for 
the purpose of reporting on Recent Polyzoa; that Mr. Vine bo the 
Secretary, and that the sum of lOZ. be placed at their disposal for the 
purpose. 

That Mr. John Murray, Professor Cossar Ewart, Professor Alleyne 
.Nicholson, Professor Mackintosh, Professor Young, Professor Struthers* 
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und Professor McKendrick be a Committee for the purpose of promotiug 
the establishment of a Marine Biological Station at Oinxnioii, Scoi.land ; 
that Mr. John Murray be the Secretary, and that tlio sum of JOO^, be placed 
at their disposal for the purpose. 

That Professor Huxley, Mr. Sclater, Mr. Howard Sauiuhws, Mi\ 
Thiselton Dyer, and Professor Moseley bo a Cornmitloo for the purpose 
of promoting the establishment of Marino Biological Statiotis on the 
coast of the United Kingdom ; that Professor Moseley bo i.be S(K*roi.ary, 
and that the sum of 150/. be placed at tbeir disposal foj' tlio purpose. 

That General Sir J. H. Lefroy, Lieut.-Colonel Godwin-Ausi(m, 
Mr. W. T. Blanford, Mr. Sclater, Mr. Carrnibers, Mr. Thistiltou Dy(U\ 
Professor Struthers, Mr. G. W. Bloxam, Mr. H. W. Bates, Lord Alfred 
Churchill, Mr. F. Galton, and Professor Moseley, with power to add to 
their number, be a Comuiittoe for the purpose of furthcrnig the Mxplora“ 
tion of Kew Guinea, by making a grant to JVlr. Forbes lor the })urpo>ses 
of his expedition ; that Mr. H. W. Bides bo the Seci*etary, a,ud that the 
sum of 200/. be placed at their disposal for the purposci. 

That General Sir L H. Lefroy, the Roy. Canon Carver, Mr. 
Galton, Mr. P. L. Sclater, Professor Moseley, Dr. Fj. 11 'Lyh)!*, Professor 
Boyd Dawkins, Mr. G. W. Bloxam, and Mr. H. W. Bates ho a (k>muilit(io 
for the purpose of furthering the scientiHc Examination of‘ the <*outitry 
in the vicinity of Mount Roraiina in Guiana, by making a grant to M.r. 
Evei'ard F. im Thurn for the purposes of his expedition ; that Mr. H, W. 
Bates be the Secretary, and that the sum of 100/, be pla(*ed ai- thtdr 
disposal for the purpose. 

That Sir Frederick Bramwell, Professor A. W, Williatruson, Professor 
Sir William Thomson, Mr. St. John Vincent Day, Sir F. Aliol, Ca]didn 
Douglas Galton, Mr. E. H. Oarbutt, Mr. Macrory, Mr. JL ^Ihnuunnii 
Wood, Mr* W. H. Barlow, Mr. A. T. Atchison, Mr. R. dl Websttir, Mr, 
A. Carpraael, Sir John Lubbock, Mr. Theodore Aston, and Mr. Jaujes 
Brunlees be reappointed a Committee for the purpose of watching ixnd 
reporting to the Council on Patent Legislation; that Sir FrcHicrick 
Bramwell be tho Secretary, and that the snm of 5/, be phwtMl at their 
disposal for tho purpose. 

That Dr.B.B.Tylor, Dr. Q. M. Dawson, Gmuirnl SirLH* Lefroy, T)r. 
Daniel Wilson, Mr. Horatio Hale, Mr. R. G. Maliburioti, and Mis Get^rgt? 
W. Bloxam be a Committee for the purpose of in voBtigating and piiblish- 
ing reports on the physical charntdors, languages, inrlustvial atul sotnal 
condition of the North-westent tribu.s of tlie Dominioti of Catuula; that 
Mr. Bloxam be tho Secretary, and that tho sum of 50/. bo pliHusd at their 
disposal for the purpose. 

That Mr. J. Park Handaon, General Pitt-Rivers, Professor Flower, 
Professor Thane, Dr. Beddoe, Mr. Brabrook, Ur. Muirhead, Mr. It W* 
Rudler, and Dr. Garson be reappointed a Oommitte© for tluj purpose of 
defining the Physical Oharaoteristics of the Races and Principal CrosBOS 
in the British Isles, and obtaining illustrative Photographs with a view 
to their publication; that Dr. Garson be the Secretai^y, and that the sum 
of lOL b© placed at their disposal for the purpose. 

Not imolvmg Grants of Money* 

That Professor G, Carey Foster, Sir William Thomson, Professor 
AyHon, Professor J. Perry, Professor W. 6. Adams, Lord Rayleigh,. 
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Professor Jenldo, Dr. 0. J. Lodge, Dr. John Hopkinson, Dr. A. Mnir- 
head, Mr. W, H. Preece, Mr. Herbert Taylor, Professor Everett, Pro¬ 
fessor Sclmster, Dr. J. A. Eleming, Professor G*. P. Fitzgerald, Mr. R. T. 
Glazehi'ook, Professor Chrystal, Mr. H. Tomlinson, and Professor W. 
Garnett be reappointed a Committee for the purpose of constructing 
and issuing practical Standards for use in Electrical Measurements; and 
that Mr, Glazobrook be the Secretary. 

That Professor G. Forbes, Captain Abney, Dr. J. Hopkinson, 
Professor W. G. Adams, Professor G. C. Foster, Lord Rayleigh, Mr. 
.Preece, Professor Schuster, Professor Dewar, Mr. A. Vernon Har- 
court, and Professor Ayrton be a Committee for the purpose of 
reporting on Standards of Light; and that Professor G. Forbes be the 
Secretary. 

That Professor Sir William Thomson, Mr. W. H. Barlow, Professor 
A, W. Williamson, Mr. W. H. Preece, and Mr. J. M. Thomson 
be a Committee for the purpose of promoting arrangements for 
facilitating the use of Weights and Measures in accordance with the per¬ 
missive clauses of the Weights and Measures Act, 1878; and that 
Mr. J, M. Thomson he the Secretary. 

That Professors A, Johnson, Maegregor, J. B. Cherriman, and H. J. 
Bovey and Mr. C. Carpmael he a Committee for the purpose of pro¬ 
moting Tidal Observations in Canada; and that Professor Johnson he 
the Secretary. 

That Professor Sylvester, Professor Cayley, and Professor Salmon be 
reappointed a Committee for the purpose of calculating Tables of the 
Fundamental Invariants of Algebraic Forms; and that Professor Cayley 
be the Secretary. 

That Professor G. H. Darwin and Professor J. 0. Adams be reap¬ 
pointed a Committee for the Harmonic Analysis of Tidal Observations; 
and that Professor Darwin be the Secretaiy. 

That Professors Balfour Stewart and Sir W. Thomson, Sir J. H. 
Lefroy, Sir Frederick Evans, Professor G. H. Darwin, Professor G, 
Chrystal, Professor S. J. Perry, Mr, 0. H. Carpmael, and Professor 
Schuster be a Committee for the purpose of considering the best means 
of Comparing and Reducing Magnetic Observations; and that Professor 
Balfour Stewart be the Secretary* 

That Professors Everett and Sir W. Thomson, Mr. G, tT. Symons, 
Sir A. 0. Ramsay, Dr. A. Goikie, Mr. J. Glaisher, Mr. Pengelly, 
Professor Edward Hull, Professor Prestwich, Dr. 0. Le Hevo Foster^ 
Professor A, S. Horschel, Professor G. A. Lebour, Mr. A. B. Wynne,. 
Mr. Galloway, Mi\ Joseph Dickinson, Mr. G. F. Deacon, Mr. E. Wethered, 
and Mr. A. Strahan be reappointed a Committee for the purpose of 
investigating the Rate of Increase of Underground Temperature down¬ 
wards in various Localities of Dry Land and under W ater; and that Pro¬ 
fessor Everett be the Secretary. 

That Professors W. A, Tilden and H. E. Armstrong be reappointed 
a Committee for the purpose of investigating Isomeric Haphthaleno 
Derivatives; and that Professor H. E. Armstrong be the Secretary. 

That Professors Dewar and A. W. Williamson, Dr. Marshall Watts,, 
Captain Abney, Dr. Stoney, and Professors W. N, Hartley, McLeod,, 
Oarey Foster, A. K. Huntington, Emerson Reynolds, Reinold, Liveing,, 
Lord Rayleigh, and W. ‘Chandler Roberts be reappointed a Committee 
for the purpose of reporting upon the present state of our knowledge 
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of Spectrum Analysis; and that Professor W. Chandler Roborts be the 
Secretary. 

That Professor Sir H. B. Roscoo, Mr. Lookyor, ProfesHorB Ihnvai^ 
Liveing, Schuster, W. N. Hartley, and Wolcott Gibbs, Captain Abney, 
and Dr. Marshall Watts be reappointed a Committee for the purposi) of 
preparing a new series of Wave-length Tables of the Spectra of the 
Elements ; and that Dr. Marshall Watts bo the Secretary. 

That Professor J, Prestwich, Professor T. McK. lluglies, fwnl Mr. 
W. Topley be reappointed a Committee for the purpose of assisting in the 
preparation of an International Geological Map of Europe; and iliat Mr. 
W. Topley be the Secretary. 

That Professors J. Prestwich, W. Boyd Dawkins, T. McK. HiigUos, 
and T. G. Bonney, Dr. H. W. Crosskey, Di\ Deane, and Messrs. C. E, 
De Ranee, H. G. Fordbam, J. E. Lee, D. Mackintosh, W. Pongelly, J. 
Plant, and R. H. Tidderaan be reappointed a Committee for the purpose 
of recording the position, height above the sea, lithological chiiracitors, 
size, and origin of the Erratic Blocks of England, Wales, and Ireland, 
reporting other matters of interest connected with tlio same, and taking 
measures for their preservation; and that Dr. IL W. CrosBkey be the 
Secretary. 

That Sir L. Playfam, Professor Moseley, Admiral Sir E. Ommannoy, 
Mr. P. L. Sclater, and Mr, A. Sedgwick bo a Committee for the purpose 
of preparing a report on the aid given by the Dominion Govornrnont and 
the Government of the United States to the encouragement of Fisheries 
and to the investigation of the various forms of marine life on the mmin 
and rivers of North America; and that Mr. Sedgwick be the Secretary. 

That the Rev. Canon Tristram, the Rev. F. Lawrence, and Mr. 
James Glaisher be reappointed a Committee for the purpose of pro* 
mo ting the Survey of Palestine; and that Mr. James Glaisher bo the 
Secretary. 

That the Committee, consisting of Dr. Gladstone (Secretary), Mr. 
Wm. Shaen, Mr, Stephen Bourne, Miss Lydia Bookor, Sir John Inibbock, 
Dr. H. W. Crosskoy, Sir Richard Temple, Sir Henry B. RoBef>o, Mr. 
James Hey wood, and Professor Story Maskolyne bo reappoiTifced u Com* 
mittee on Science Teaching in Elementary Schools. 

That Mr. Mollison bo requested to report on the prosent state of our 
knowledge of tlio Mathematical Theory of Thermal Conduction. 

That Mr. li. T. Glazebrook be requested to draw up a Report on 
recent progress in Physical Optics. 

That Mr. J, J. Thomson be requested to draw up a Report on 
Electrical Theories. 

That Mr. W. Topley be requested to continue his Report upon 
National Geological Surveys. 

Oommurdoations ordered to te printed in extenso in the Afmn&tl 
Bepert of the Association, 

Professor Schuster’s paper, opening the discussion on the Connection 
of Sunspots with Terrestrial Phenomena. 

Professor 0. J. Lodge’s paper, opening the discussion on the seat of 
.the Electromotive Force in the Voltaic Cell. 

Professor Bonney’s paper * On the Archman Rocks of Great Britain/ 
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Dr. Gwyn Jeffreys’ paper, entitled ‘ The Concordance of the Mollusca 
inhabiting both sides of the North Atlantic.’ 

Professor Asa Gray’s paper, entitled * Eemarks on the Characteristic 
Features of North American Vegetation.’ 

Professor Thurston’s paper ‘ On the Theory of the Steam-engine.’ 

Sir James Douglass’s paper ‘On Improvements in Coast Signals,’ 
with such diagrams as may be found indispensable. 

Mr. J. M. Wilson’s paper ‘ On American Permanent Way,’ with the 
necessaiy diagrams. 


Eesolidiom referred to the Oonnoilfor Oonmleratmif and Action if 
desirable. 

That the Council of the Association be requested to communicate 
with the Government of the Dominion of Canada in order (1) to call the 
attention of the Government to the absence of trustworthy information 
concerning the tides of the Gulf of St. Lawrence and the adjoining 
Atlantic coast, and to the dangers which thence arise to the navigation; 
(2) to urge upon the Government the importance of obtaining accurate 
and systematic tidal observations, and of tabulating and reducing the 
results by the scientific methods elaborated by Committees of the 
Association; and (3) to suggest the immediate establishment of a sufficient 
series of observing stations on the coast of the Dominion. 

That the Council be requested to examine the feasibility of instituting 
a scheme for promoting an International Scientific Congress, to meet at 
intervals in different countries, and to report thereon to the General 
Committee at the next meeting of the Association. 

That the attention of the Council be drawn to the advisability of 
communicating with the Admiralty for the purpose of urging on them 
the importance of the Employment of the Harmonic Analysis in the 
Reduction of Admiralty Tidal Observations. 

That the Council memorialise the Canadian Government ha to the 
urgent necessity of encouraging investigation and publication of I'eports 
with respect to the physical characters, languages, social, industrial, and 
artistic condition of the native tribes of the Dominion. 

That, in the event of that part of the Report of the Council concerning 
Corresponding Societies being acceptod by the General Committee at their 
next meeting, the Council be empowered to form the Committee therein 
mentioned (see Report, Oorres^mnding Societies, Section 3). 
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Synopsis of Grants of Money appripriated to Scientific Pnr* 
poses by the General Committee at the Montreal Meetiwj in 
September 1884., The Names of the Members who are entitled 
to call on the General Treasurer for the respective Grants 
are prefixed. 


Mathematics and Physics, 

£ s, (L 

^Stewart, Professor Balfour.—^Meteorological Observa/tious 


near Chepstow . 25 0 0 

^Scott, Mr. B. H.—Synoptic Charts of the Indian Ocean. e50 0 0 

^Shoolbred, Mr. J. —Reduction of Tidal Observations. 10 0 0 

’^Cayley, Professor —Calculation of Mathematical Tables. 100 0 0 

‘^‘Brown, Professor Crum.—Meteorological Observations on 

Ben iJlevis . 50 0 0 

* Schuster, Professor.—Solar Radiation. .. 20 0 0 

^Murray, Mr. John.—Meteoric Dust. 70 0 0 


Chemistry, 

Tilden, Professor.—Vapour Pressures and Refractive Indices 


of Salt Solutions. 25 0 () 

^Willian^son, Professor.—Chemical Nomenclature. 5 0 0 

Ramsay, Professor.—Physical Constants of Solutions. 20 0 0 

Geology, 

Bauerman, Mr. H.—Volcanic Phenomena of Vesuvius . 25 0 0 

^Green, Professor A. H.—Raygill Pissure. 15 0 0 

^Etheridge, Mr. R.—Earthquake Phenomena of Japan. 75 0 0 

^Etheridge, Mr. R.—Possil Phyllopoda of the Palseosfloio 

Knocks . 25 0 0 

Blanford, Mr. W. T.—Fossil Plants of Biitish Tertiary and 

Secondary Beds. 50 0 0’ 

♦Evans, Dr. J.—Geological Record. SO 0 0 

"'"Grantham, R. B.—Erosion of Sea-Coasts. 10 0 0 

♦Hull, Professor B.—Circulation of Underground Waters 10 0 0 


Carried forward... ig 635 0 0 


Ecappointed. 
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£ 5 . d. 

Brouglit forward. 635 0 0 

Biology m 

'^Lankester, Professor Ray.—Table at tlio Zoological Station 

at Naples. 100 0 0 

‘^Stainton, Mr. H. T.—Record of Zoological Literature . 100 0 0 

^Cordeaux, Mr. J.—Migration of Birds . 30 0 0 

‘^Hooker, Sir J.—Exploration of Kilima-njaro and tbe adjoin¬ 
ing Mountains of Equatorial Africa. 25 0 0 

Sorby, Dr. H. 0.—Recent Polyzoa... 10 0 0 

Murray, Mr. J.—Marine Biological Sbafcloii at Granion. 100 0 0 

Huxley, Professor.—Biological Stations on Coast of United 

ICingdom . 150 0 0 

Geography, 

Lefroy, General Sir H.—Exploration of New Guinea . 200 0 0 

Lefroy, General Sir H.—Exploration of Mount Roraima. 100 0 0 

Meohd ttm, 

^Bramwell, Sir E. J.—Patent Legislation. 6 0 0 

Anthrcyjodhgy* 

Tylor, Dr. E. B.—Investigation of Cliaraoteristics, physical 

and otherwise, of North-'Western Tribes of Canada . 60 0 0 

^Harrison, Mr. J. Park.—Physical Oliaractoristics of Races in 

the British Isles.-... 10 0 0 

£1515 0 0 

* Beappninled. 


The Annual Meeii^g in 1886. 

The Meeting at Aberdeen will commence on Wednesday, September 9. 
Blaoe of Meeting in 1886. 

The Annual Meeting of the Association will he held at Birmingham. 
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General Statement of Sums which have been paid on accotmt of 
Grants for Scientifio Purposes. 


£ s, 

1834. 

Tide Discussions . 20 0 0 


1835. 

Tide Discussions . G2 0 0 

British Fossil Ichthyology ... 105 0 0 
' if67 0 ”b 


1836. 

Tide Discussions . 163 0 0 

British Fossil Ichthyology ... 105 0 0 

Thermonaotric Observations, 

See . 50 0 0 

Experiments on long-con¬ 
tinued Heat .. 17 1 0 

Bain-Granges . 0 13 0 

Eefraction Experiments . 15 0 0 

Lunar N utation. 60 0 0 

Thermometers .15_ 6 0 

' 'Mm ~0" '~0 

1837. 

Tide Discussions . 284 1 0 

Chemical Constants. 24 13 6 

Lunar Nutation. 70 0 0 

Observations on Waves ...... 100 12 0 

Tides at Bristol. 150 0 0 

Meteorology and Subterra¬ 
nean Temperature. 98 3 0 

Yitrifilcation Experiments ... 150 0 0 

Heart Experiments . 8 4 6 

Barometric Observations. 30 0 0 

Barometers. 11 18 C 

£922 12 6 


1838. 

Tide Discussions . 29 0 0 

British Fossil Fishes . 100 0 0 

Meteorological Observation s 
and Anemometer (construc¬ 
tion) . 100 0 0 

Oast Iron (Strength of) . 60 0 0 

Animal and Ycgetable Sub¬ 
stances (Preservation of )... 19 110 

Bailway Constants . 41 12 10 

Bristol Tides. 50 0 0 

G-rowth of Plants. 75 0 0 

Mud in Bivers . 3 6 6 

Education Committee .. 50 0 0 

Heart Experiments .. .. 6 3 0 

Land and Sea Level. 267 8 7 

Steam-vessels. 100 0 0 

Meteorological Committee ... 31 9 5 

£932 2 2 


1839* 

Fossil Ichthyology . 110 0 0 

Meteorological Observations 
at Plymouth, &c. ... 63 10 0 


£ s, <f. 

Mechanism of Waves . 144 2 0 

Bristol Tides. 3.5 IS 6 

Meteorology and Subterra¬ 
nean Temperature. 21 II. 0 

Vitritication Experiments ... 1) 4 7 

Cast-Iron Experiments. 100 0 0 

Bailway Constants . 28 7 2 

Land and Sea Level. 274 1 'I 

Steam-vessels’ Engines . 100 0 0 

Stars in Histoiro Celeste. 171 IS 6 

Stars in Lacaille . 11 0 t^ 

Stars in BuA.S. Catalogue ... 166 16 6 

Animal Secretions. 10 10 (V 

Steam Engines in Cornwall... 50 0 0 

Atmospheric Air . 16 I 0 

Cast and Wrought Iron . 40 0 0 

Heat on Organic Bodies . 3 0 0 

Oases on Solar Spect rum. 22 0 0 

Hourly Meteorological Ob¬ 
servations, Inverness and 

Kingussie . 40 7 8 

Fossil jEleptiles . 118 2 0 

Mining Statistics.^50 0 0 

'£mmY\ 0 


1840. 

Bristol Tides... 100 0 0 

Subterranean Temperature... 13 13 6 

Heart Experiments . 18 19 0 

Lungs Experiments. 8 13 0 

Tide Discussions . 50 0 0 

Land and Sea Level. 6 11 1 

Stans (Histoiro CGleste) . 242 10 0 

Stars (Lacaille). 4 15 0 

Stars (Catalogue). 264 0 0 

Atmospheric Air . 15 15 0 

Water on Iron . 10 0 o 

Heat on Organic Bodies. 7 0 0 

Meteorological Observations. 52 17 6 

Foreigm SciouttHe Memoirs.,, 112 I 6 

Working Population. 100 0 0 

School Statistics .. 50 0 0 

Forms of Yessols .. 184 7 0 

Chemical and Electrical J'lni- 

nomena . 40 0 0 

Meteorological Observat-ions 

atinymouth . 80 0 0 

Magnctical Obsorvatioii.s. 185 13 9 

£'f54irT<r'’4 

1841. 

Observations on Waves 30 0 0 

Meteorology and Subterra¬ 
nean Temperature.. 8 8 0 

Actinometers... 10 o 0 

Earthquake Shooks . 17 7 0 

Acrid Poisons. 6 0 0 

Yeins and Absorbents .. 3 0 o 

Mud in Bivers .. 5 0 0 











































































aENERAL STATEMENT, 


Ixxix 


£ s. d. I 

Marine Zoology. 15 12 8 

Skeleton Maps . 20 0 0 

Mountain Barometers. 6 IS 6 

Stars (Histoire Celeste) . 185 0 0 

Stars (Lacaillo). 79 5 0 

Stars (Nomenclature of ). 17 19 6 

Stars (Catalogue of). 40 0 0 

Water on Iron . 50 0 0 

Meteorological Observations 

at Inverness . 20 0 0 

Meteorological Observations 

(reduction of) . 25 0 0 

Fossil Reptiles . 60 0 0 

Foreign Memoirs . 62 0 6 

Railway Sections . 1»8 1 0 

Forms of Vessels . i9i> 12 0 

Meteorological Observations 

at Plymouth . 55 0 0 

Magnetical Observations. 61 18 8 

Fishes of the Old Red Sand¬ 
stone . 100 0 0 

Tides at Leith . 50 0 0 

Anemometer at Edinburgh... 69 I 10 

Tabulating Observations. 9 6 8 

Races of Men. 5 0 0 

Radiate Animals . 2 0 0 

£1286 10 fl 

1842. 

Dynamometric Instruments... 113 11 2 

Anoplura Britannise. 62 12 0 

Tides at Bristol. 69 8 0 

Gases on Light. 30 14 7 

Chronometers . 26 17 6 

Marine Zoology. 1 5 0 

British Fossil Mammalia.. 100 0 0 

Statistics of Education . 20 0 0 

Marine Steam-vessels* En¬ 
gines . 28 0 0 

Stars (Histoire Celeste) . 69 0 0 

Stars (Brit. Assoc. Cat, of),.. 110 0 0 

Railway Sections. 161 10 0 

British Bolemnites . 60 0 0 

Fossil Reptiles (publication 

of Report). 210 0 0 

Forms of Vessels . 180 0 0 

Galvanic Experiments on 

Rocks . 6 8 6 

Meteorological Experiments 

at Plymouth . 68 0 0 

Constant Ladicator and Dyna¬ 
mometric Instruments. 90 0 0 

Force of Wind .. 10 0 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics. 60 0 0 

Vegetative Power of Seeds... 8 1 11 

Questions on Human Race ... 7 9 0 


£1449 17 8 


1843. 

Revision of the Nomenclature 
’ of Stars .. 


Reduction of Stars, British 

Association Catalogue. 25 0 0 

Anomalous Tides, Frith of 

Forth . 120 0 0 

Hourly Meteorological Obser¬ 
vations at Kingussie and 

Inverness . 77 12 8 

Meteorological Observations 

at Plymouth . 65 0 0 

Whcwell’s Meteorological 
Anemometer at Plymouth . 10 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply¬ 
mouth . 20 0 0 

Reduction of Meteorological 

Observations. 30 0 0 

Meteorological Instruments 

and Gratuities . 39 6 0 

Construction of Anemometer 

at Inverness . 66 12 2 

Magnetic Co-operation.. 10 8 10* 

Meteorological Recorder for 

Kew Observatory. 60 0 0 

Action of Gases on Light. 18 16 1 

Establishment at Kew Ob¬ 
servatory, Wages, Repairs, 

Furniture, and Sundries ... 133 4 7 
Experiments by Captive Bal¬ 
loons . 81 8 0 

Oxidation of the Rails of 

Railways. 20 0 0 

Publication of Report on 

Fossil Reptiles .. 40 0 0 

Coloured Drawings of Rail¬ 
way Sections.. 147 18 3* 

Registration of Earthquake 

Shocks . 30 0 0’ 

Report on Zoological Nomen¬ 
clature. 10 0 0’ 

Uncovering Lower Red Sand¬ 
stone near Manchester. 4 4 6 

Vegetative Power of Seeds... 6 3 8 

Marine Testacca (Habits of). 10 0 0 

Marine Zoology. 10 0 0 

Marino Zoology. 2 14 11 

Preparation of Report on Bri¬ 
tish Fossil Mammalia 100 0 0 

Physiological Operations of 

Medicinal Agents. 20 0 0 

Vital Statistics. 36 6 8 

Additional Experiments on 

the Forms of Vessels . 70 0 0* 

Additional Experiments on 
the.Forms of Vessels ...... 100 0 0 

Reduction of Experiments on 

the Forms of Vessels .. 100 0 0 

Morin’s Instrument and Con¬ 
stant Indicator .. 69 14 10 

Experiments on the Strength 
of Materials . 60 0 0 


"®565 f0 % 


2 0 0 





































































RliPOBT-1884. 


£ s. <L 

1841. 

Meicorologioal Obscrval ions 
at Kmj^ussio and Inverness 12 0 0 

‘OoTnplolin;^- Observations at 

Plymouth . 35 0 0 

Maj^*nelic and Meteorological 

Co-operation. 25 S 1 

Publication of tire BiitisU 
Association Catalogue of 

Stars . 35 0 0 

■Observations on Tides on the 

East Coast of Scotland ... 100 0 0 
Eevision of the Nomenclature 

of Stars .1842 2 9 0 

Mainlaining the Establish- . 

ment in Kew Observa- ! 

tory. 117 17 3| 

Instruments for Kew Obser- | 

vatory. 50 7 3 ; 

Influence of Light on Plants 10 0 0 

Subterraneous Temperature 

in Ireland . 6 0 0 

Coloured Drawings of Rail¬ 
way Sections. 15 17 6 

Investigation of Eossil Fishes 
of the Lower Tertiary Strata 100 0 0 
Registering the Shooks of 

Earthquakes.1842 23 11 10 

Structure of Fossil Shells ... 20 0 0 ! 

Radiata and Mollusoa of the ' 

iSgean and Red Seas 1842 100 0 0 
Geographical Distributions of 

Marine Zoology.1842 0 10 0 

Marine Zoology of Devon and 

Cornwall.. 10 0 0 

Marine Zoology of Corfu...... 10 0 0 

Experiments bn the Vitality 

of Seeds .. 9 0 0 

Experiments on the Vitality 

of Seeds.1842 8 7 3 

Exotic Anoplura .. 15 0 0 

Strength of Mat erials. 100 0 0 

Completing Experiments on , 

the Forms of Ships . 100 0 0 | 

Inquiries into Asphyxia . 10 0 0 

Investigations on the Internal 

Constitution of Metals. 50 0 0 

Constant Indicator and Mo¬ 
rin’s Instrument .1842 10 0 0 

£081 12 % 

1845, 

Publication of the British As¬ 
sociation Catalogue of Stars 351 14 6 
Meteorological Observations 


at. Inverness . 30 18 11 

Magnetic and Meteorological 

Co-operation . 18 16 8 

Meteorological Instruments 

at Edinburgh. 18 11 9 

Reduction of Anemometrical 
Observations at Plymouth 26 0 0 



£ 


d. 

Electrical Experiments at 




Kew Obs(M*vatory. 

43 

ir 

H 

Maintaining tluj Mslablish- 




ment. in Kew Observatory 

I 19 

15 

0 

For KnoFs Ilaromelrograpii 

25 

0 

0 

Gas(‘.s from Iron Furna,C(is... 

50 

0 

0 

Tiie ActiiiograpU . 

15 

0 

0 

Microscopic Struct tirt3 of 




Shells ... 

20 

0 

0 

Exotic Anoplura.1843 

10 

0 

0 

Vitality of Seeds .1843 

2 

0 

7 

Vitalitv of Seeds .1844 

7 

0 

0 

Marine Zoology of Cornwall 

10 

0 

0 

Physiological Action of Modi- 




cincss .. 

20 

0 

0 

StatistJes of Sickness and 




Mortality in York. 

20 

0 

0 

Earthquake Shucks ...... 1843 

15 

14 

8 

£831 

9 

9 

184(1. 




British Associa.t.ion Ca,talogU(3 




of Stars .1844 

211 

15 


Fossil Fishes of t/he London 




Olay. 

100 

0 

0 

Computation of t.ho Gaus.siau 




Constants for 1829 . 

50 

0 

0 

Maintaining the Establish- 




ment at Kew Observatory 

140 

jr> 

7 

Strength of Materials. 

GO 

0 

0 

Researches in Asphyxia .. 

0 

Hi 

2 

Examination of Fossil Shells 

10 

0 

0 

Vitality of Seeds .Iv844 

2 

15 

10 

Vitality of Seeds .1845 

7 

12 

3 

Marine Zoology of Cornwall 

10 

0 

0 

Marine Zoology of Britain ... 

10 

0 

0 

Exotic Anopl nra .1814 

25 

0 

0 

Expeuse.s attending Aiiemo- 




meters...... 

n 

7 

0 

Anemometers’ Repairs.... 

2 

3 

0 

Atmospheric Waves .. 

3 

3 

3 

Captive Balloons .IH4‘1 

8 

19 

8 

Varieties t)f tln3 Human Race 




1814 

7 

G 


Statistics of Hickness and 




Mortality in York.. 

12 

0 

0 

£585 

iiL 

o' 

1847. 




Compulation of the Gaussian 




Constants for 1829... 

50 

0 

0 

Habits of Marine,5 Animals ... 

10 

0 

0 


Phj^iological Action of 

cines . 20 0 0 

Marine Zoology of Cornwall 10 0 0 

Atmospheric Waves0 9 3 

Vitality of Seeds . 4 7 7 

Maintaining the Establifth- 
ment at Kew Observatory 107 B 8 

‘ £ 208^^5 4 















































aENEBAL STATEMENT- 


Ixxsi 

$, cl. 


‘ £ s. d, 

1848. 

Maintaining tlio Establish¬ 
ment at Kew Observatory 171 15 n 

Atmospheric Waves .. 10 0 

Vilalily of Seeds . 9 15 0 

Completion of Catalogue of 

Stars . 70 0 0 

On Colonring MattiCrs .. 6 0 0 

On Growth of Plants .^_ 

£275 ■] 8 


1849. 

Electrical ObservatioDs at 

Kew Observatory. 50 0 0 

Maintaining the Eshiblish- 

meiit at ditto. 76 2 5 

Vitality of Seeds . 5 8 1 

On Growth of Plants . 5 0 0 

Registration of I^crioclical 

Phenomena. 10 0 0 

Bill on Account of Aiiemo- 
metrical Observations.. 18 9 0 


-£159 19 6 

1850. 

Maintaining the Establish¬ 
ment at Kew Observatory 256 18 0 


Transit of Earthqiiake Waves 60 0 0 

Periodical Phenomena. 16 0 0 

Meteorological Instruments, 

Azores. 25 0 0 


£845 18 0 

1861. 

Maintaining the Establish¬ 
ment at Kew Observatory 
(includes part of grant in 


1849) ..'. 809 2 2 

Theory of Heat. 20 I 1 

Periodical Phenomena of Ani¬ 
mals and Plants... 5 0 0 

Vitality of Seeds . 6 0 4 

Influence of Solar Radiation 80 0 0 

Ethnological Inquiries. 12 0 0 

Researches on Annelida . 10 0 0 


£891 9 7 

1852. ~ 

Maintaining the Establish¬ 
ment at Kew Observatory 
* (including balance of grant 


for 1850).:. 288 17 8 

Experiments on the Conduc¬ 
tion of Heat . 6 2 9 

Influence of Solar Radiations 20 0 0 
Geological Map of Ireland ... 16 0 0 
Researches on the British An¬ 
nelida . 10 0 0 

Vitality of Seeds .. 10 6 2 

Strength of Boiler Plates...^10 0 0 


£3()4 6 7 


1853. 

Maintaining the Establish¬ 
ment at ICew Observatory 166 0 0 


Experiments on the Influence 

of Solar Radiation . 15 0 0 

Researches on the British 

Annelida. 10 0 0 

Dredging on the East Coast 

of Scotland. 10 0 0 

Etlmological Queries . 5 Q 0 


' £205 0 0 


18.54. 

Maintaining the Estahlish- 
ment at Kew Observatory 
(including balance of 

former grant). 330 15 4 

Investigations on Flax. 11 0 0 

Effects of Temperature on 

Wrought Iron. 10 0 0 

Registration of Periodical 

Phenomena. 10 0 0 

British Annelida . 10 0 0 

Vitality of Seeds . 6 2 8 

Conduction of Heat. 4 2 0 


£880 19 7 
1855. — 

Maintaining the Establish¬ 
ment at Kew Observatory 425 0 0 


Earthquake Movements . 10 0 0 

Physical Aspect of the Moon 11 8 5 

Vitality of Seeds . 10 7 11 

Map of the World. 15 0 (» 

Etlmological Qiuu’ies . 5 0 0 

Dredging near Belfast..4 0 0 


' £480"T6~ 4 

185G. 


Maintaining the Estahliah- 




ment at Kew Observa¬ 
tory:— 




1854. £ 75 0 0\ 

1865....£600 0 0/ 

676 

0 

0 

Slri ckland’s Ornithological 




Synonyms . 

Dredging and Dredging 

100 

0 

u 

Forms... 

9 

18 


Chemi cal Action of Light ... 

20 

0 

0 

Strength of Iron Plates . 

Registration of l^oriodical 

10 

0 

0 

ftenomena... 

10 

0 

0 

Propagation of Salmon. 

10 

0 

0 

£734 

18'“ 

9 

“SSm 

1867. 




Maintaining the Establish- 




ment at Kew Observatory 
Earthquake Wave Experi- 

360 

0 

0 

ments .... 

40 

0 

0 

Dredging near Belfast. 

Dredging on the West Coast 

10 

0 

0 

of Scotland. 

10 

0 

0 


1884. 




















































Ixxxii 


SBPOET— 1884. 


£ 8, d. 

Investigations into tho Mol^ 

Uisoa or California . 10 0 0 

Kxpenmenis on h'lax . 6 0 0 

Natural History of Mada¬ 
gascar . 20 0 0 

Kosoarclics on Britisli Anne¬ 
lida . 25 0 0 

Eoport on Natural Producls 
imported into Liverpool ... 10 0 0 

Artificial Propagation ol Hal- 

naon. 10 0 0 

Temperature of Mines. 7 8 0 

Thermometers for Subterra¬ 
nean Observations. 5 7 4 

Life-boats . 5 0 0 


"£5 0715 4 

1858. 

Maintaining the Establish¬ 
ment at Kow Observatory 600 0 0 


Earthquake Wave Experi¬ 
ments . 25 0 0 

Dredging on the West Coast 

of Scotland. 10 0 0 

Dredging near Dublin. 6 0 0 

Vitality of Heeds . 6 5 0 

Dredging near Belfast. 18 13 2 

Beport on the British Anne¬ 
lida . 26 0 0 

Experiments on the produc¬ 
tion of Heat by Motion in 

Fluids. 20 0 0 

Beport on the Natural Pro¬ 
ducts imported into Scot¬ 
land. 10 0 0 


£(n8 18“ 2 

1850. 

Maintaining the Establish- 
ment at Kow Observatory 500 0 0 


Dredging near Dublin. 15 0 0 

Osteology of Birds . 50 0 0 

Irish Tuuicata . 5 0 0 

Manure Experiments .. 20 0 0 

British Medusidie. 5 0 0 

Dredging Committee . 5 0 0 

Steam-vessels’Performance... 5 0 0 

Marine B’anna of South aud 

West of Ireland....’. 10 0 0 

Photographic Chemistry. 10 0 0 

Lanarkshire Fossils... 20 0 i 

Balloon Ascents... 39 u o 


_£C84 11 1 

1860. ^ 
Maintaining the Establish¬ 


ment at Kew Observatory 500 0 0 

Dredging near Belfast. 10 6 0 

Dredging in Dublin Bay. 15 0 0 

Inquiry into the Performance 

of Steam-vessels .^124 0 0 

Explorations in the Yellow 
Sandstone of Dura Don ... 20 0 0 


Ohemico-mechauical Analysis 

of Bocks and Mincnils. 25 

llcsearches on the Grow 111 of 

Plants. 10 

Bcsoarches on the Solubilily 

of Halts . 3t) 

Besoarcheson theCoiisti t luui t s 

of Manures . 25 

Balance of Oa])Uvc Balloon 

Accounts. 1 

£76(1 

1861. 

Maintaining the Estahlisii- 
mont of iCew Cbservalory., 500 

Earthquake Experim(3nts. 25 

Dredging Nnrtii and Mast. 

Coasts of Hcothmd . 23 

Dredging Oonmut.tco:— 

1860 .£50 0 0 1 

1861 .£22 0 0 / 

Excavations at Dura Den. 20 

Solubility of Salts . 20 

Steam-vessel Performance ... 150 

Fossils of Lesmahago . 15 

Explorations at- Uriconiurn ... 20 

Chemical Alloys . 20 

Classified Index to the Trans¬ 
actions. 100 

Dredging in the Mersey and 

Deo. 5 

Dip Circle . 3() 

Phoioheli ograplilc Ohser va- 

tions . 50 

Prison Diet. 20 

G auging of Wat er. 10 

Alpine Ascents . 6 

Oonstituents of Manures. 25 


Maintain inq 


1862. 

the Eslablish- 


mont of Kow Observahu'y 500 o 0 

Patent Laws . 21 6 0 

Mulluscaof N.-VY. of Ainorica jO 0 0 
Natural IOstoryby Menfant! le 

Marine ... 5 0 0 

Tidal Observations ... 25 0 0 

Pilotoheliomet er at. Kew ...... -i 0 (i 0 

Photographic Pictures (d‘ Ihe 

. 150 0 0 

Bocks of Donegal. 25 0 0 

DredgingDurham and Norlh- 

umboriand. 25 0 0 

Connexion of Storms . 20 0 0 

Dredging North-east- Coast 

of Scotland . 6 9 6 

Eavag’os of Tcrodt > ...... 3 j 1 q 

Standards of Electricsal Be- 

sistanec . 50 0 0 

Kailway Accidents . io 0 0 

Balloon Oomraittcc .. 200 0 0 

Dredging Dublin Bay ......... 10 0 0 
































































aENEKlL STATEMENT. Ixxxiii 


£ s» d. 

Dredging; the Mersey . 5 0 0 

Prison Diet . 20 0 0 

Grauging of Water. 12 10 0 

Steamships’Performance. 150 0 0 

Thermo-Electric Currents ... 5 0 0 

£‘1200 16 G 


ISGO. 

Maintaining the Establish¬ 
ment of Kew Observatory.. COO 0 0 

Balloon Committee deficiency 70 0 0 

Balloon Ascents (other ex- 

IDenses) . 25 0 0 

Entozoa . 25 0 0 

Coal Eossils . 20 0 0 

Herrings. 20 0 0 

Granites of Donegal. 5 0 0 

Prison Diet . 20 0 0 

Vertical Atmospheric Move¬ 
ments . 10 0 0 

Dredging Shetland . 50 0 0 

Dredging North-east coast of 

Scotland. 25 0 0 

Dredging Nortihumberland 

and Durham . 17 0 10 

Dredging Committ eo superin¬ 
tendence . 10 0 0 

Steamship Performance . 100 0 0 

Balloon Committee . 200 0 0 

Carbon under pressure. 10 0 0 

Volcanic Temperature . 100 0 0 

Bromide of Ammonium . 8 0 0 

Electrical Standards. 100 0 0 

-Construction and Distri¬ 
bution . 40 0 0 

Luminous Meteors . 17 0 0 

Kew Additional Buildings for 

Photoheliograph . 100 0 0 

Thermo-Electricity .. 15 *0 0 

Analysis of Kooks . 8 0 0 

Hydroida.. It)_t) 0 


£1608 a 10 

1864. 

Maintaining the Establish¬ 


ment of Kew Observatory.. 600 0 0 

Coal Fossils . 20 0 0 

Vertical Atmospheric Move¬ 
ments . 20 0 0 

Dredging Shetland . 75 0 0 

Dredging Northumberland... 26 0 0 

Balloon Committee .. 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Ko- 

sistance . 100 0 0 

Analysis of Books . 10 0 0 

Hydroida . 10 0 0 

Askham’s Gift .. 50 0 0 

Nitrite of Amyle . 10 0 0 

Nomenclature Committee ... 5 Q 0 

Kain-Gauges.. 10 16 8 

Cast-Iron Investigation ...... 20 0 0 


£ d. 

Tidal Observations in the 


Humber . 50 0 0 

Spectral Kays. 15 0 0 

Luminous Meteors . 20 0 0 


£1281) 15 8 


1865. 

Maintaining the Establish¬ 
ment of Kew Observatory.. 600 0 0 

Balloon Committee . 100 0 0 

Hydroida... 13 0 0 

Bain-Gauges .. 30 0 0 

Tidal Observations in the 

Humber . 6 S 0 

Hexylic Compounds. 20 0 0 

Amyl Compounds. 20 0 0 

Irish l^'lora. 25 0 0 

American Mollusca . 3 9 0 

Organic Acids . 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypterus. 50 0 0 

Electrical Standards. 100 0 0 

Malta Caves Bescarches . 30 0 0 

Oyster Breeding . 25 0 0 

Gibraltar Caves Bosearches... 150 0 0 

Kent’s Hole Excavations. 100 0 0 

Moon’s Surface Observations 36 0 0 

Marine Fauna . 26 0 0 

Dredging Aberdeenshire. 26 0 0 

Dredging Channel Islands ... 60 0 0 

Zoological Nomenclature. 6 0 0 

Besistance of Floating Bodies 

in Water. 100 0 0 

Bath Waters Analysis . 8 10 10 

Luminous Meteors . 40 0 0 


'£1691 ' f 10 


1866. 

Maintaining the Establish¬ 
ment of Kew Observatory.. COO 0 0 

Ltmar Committee.. 64 13 4 

Balloon Committee . 50 0 0 

Metrical Committee. 60 0 0 

British Bainrall.,. 50 0 0 

Kilkenny Coal Fields . 16 0 0 

A him Bay Fossil Loaf-Bed ... 15 0 0 

Luminous Meteors . 50 0 0 

Lingula Flags Excavation ... 20 0 0 

Chemical Constitution of 

Cast Iron .. 50 0 0 

Amyl Compounds. 25 0 0 

Electrical Standards. 100 0 0 

Malta Caves Exploration. 30 0 0 

Kent’s Hole Exploration. 200 0 0 

Marine Fauna, &c., Devon 

and Cornwall. 25 0 0 

Dredging Aberdeenshire Coast 25 0 0 

Dredging Hebrides Coast ... 60 0 0 

Dredging the Mersey . 5 0 0 

Besistance of Floating Bodies 

in Water... 60 0 0 

Polycyanides of OrgamoBadi- 
cala. 20 0 0 
















































































kxxiv 


I113P0ET- 


■1884 


i, a. d. 

Uipjor Mortis. 30 0 0 

irlsli Atniolida .. IS 0 0 

Catalogue of Crania.. 50 0 0 

Biiline Birds t>f Mascarenc 

Islands... 50 0 0 

Typlca.l Crania Rescavclio.s ... liO () 0 


Palestine 3^xplorati( )n Fund... 100 0 0 
it'lJaO Vy I 

1807 . 

Mainiaining tlic TSsiaBlisli- 
ment ol Kew Observatory.. GOO 0 0 


Meteorological Instrument s, 

Palestine. 50 0 0 

Lunar Committee. ISO 0 0 

Metrical Committee.. GO 0 0 

Kent’s Hole Explorations ...100 0 0 

Palestine Explorations. 60 0 0 

Insect Fauna, Palestine . 80 0 0 

Britisli Eainfall. 50 0 0 

Kilkenny Coal Fields . 25 0 0 

Alum Bay Fossil Leaf-Bed ... 25 0 0 

Luminous Meteors . 60 0 0 

Bournemouth, &c., Leaf-Beds 30 0 0 

Dredging Shetland . 76 0 0 

Steamship Eeports Condensa¬ 
tion . 100 0 0 

Electrical Standards..... 100 0 0 

Ethyl and Methyl series. 26 0 0 

Fossil Crustacea . 25 0 0 

Sound under Water . 24 4 0 

North Greenland Fauna. 76 0 0 

Do. Plant Beds 100 0 0 

Iron and Steel Manufacture... 25 0 0 
Patent Laws . 30 0 0 


£17 39 4 0 

18 () 8 . 

Maintaining the Establish¬ 


ment of Kew Observatory,. GOO 0 0 

Lunar Committee. 320 0 0 

Metrical Committee. 50 0 0 

Zoological Beoord. 100 0 0 

Kent’s Hole ISxplorations ... 150 0 0 

Steamship Performances. 100 0 0 

British Eainfall. 50 0 0 

Luminous Meteors. 50 0 0 

OrganioAcids .. GO 0 0 

Fossil Crustacea... 26 0 0 

Methyl Series... 26 0 0 

Mercury and Bile .. 25 0 0 

Organic Eemains in Lime¬ 
stone Boclis .. 25 0 0 

Scottish Earthquakes . 20 0 0 

Fauna, Devon and Cornwall.. 30 0 0 

British Fossil Corals . 60 0 0 

Bagshot Leaf-Beds . 60 0 0 

Greenland Explorations . 100 0 0 

Fossil Flora . 26 0 0 

Tidal Observations . 100 0 0 

Underground Temperature... 60 0 0 

Spectroscopic Investigations 
of Animal Substances . 6 0 0 


.€ 


d. 

Secondary Beptiles, •fee. ..30 

British Marine Invertebrate 

0 

0 

Fauna.. 100^ 

0 

J 


^nHir'irT) 


Maintaining tlu^ Rslahlisli- 
mcmi. of k('\v Ol^KU'valojy., G(I0 0 0 

Lunar Coniniiftoo.,.*..,..50 0 0 

Metrical Commiltcc..,.. 25 0 0 

Zoological Ih'cord. 100 0 0 

Gominitieo ou Gases in Deo])- 

wcllWatcr. 25 0 0 

British Enin fall... 50 0 0 

Thermal Condiicliviiy of Iron, 

&c. 30 0 0 

Kent’s Hole Explorations. 150 0 0 

Steamship Porforinancjos 30 0 0 

Olicmicai Constit ution of 

Oast Iron.. 80 0 0 

Iron and Steel Manufaoinre 100 0 0 

Metliyl Series. 30 0 0 

Organic Itcmains in Intno- 

stone Books. 10 0 0 

Earthquakes in Scotland. 30 0 0 

British Fossil Corals . 50 0 0 

Bagshot Leaf-Bods .. 30 0 0 

Fossil Flora . 25 0 0 

Tidal Observations . 100 0 0 

TTndergrouiid Temporalure... 30 0 0 

Spectroscopic Tnvesligations 

of Animal Substances . 5 0 0 

OrganioAcids . 12 0 0 

Kiltorcan Fossils . 20 0 0 

Chomicul Oonstituiion and 
Pliysiologi cal A cl i on Eel a- 

tions . 15 0 0 

Mountain Limestone Fossils 25 0 0 

Utilisation of Sewage. 10 0 0 

Products of Digestion.. 10 0 0 


1870 . 

Maintaining the Kslahlisli- 


ment of Kew Obstnwalury GOO 0 0 

Motrioal Committee. 25 0 0 

Zoological Eecord. 100 0 0 

Committee on Marine Fauna 20 0 t) 

Ears in Fishes . 10 0 0 

Chemical Nature of Cast-Iron 80 0 0 

Luminous Meteors . 30 0 0 

Heat in the Blood. 15 0 0 

British Eainfall. 100 0 0 

Thermal Conduct iviiy of 

Iron, (fcc. 20 0 0 

British Fossil Corals.. 50 0 0 

Kent’s Hole Exphmitions ... 350 0 0 

Scottish Earthquakes .. 4 0 0 

Bagshot Leaf-Beds . 15 0 () 

Fossil Flora .. 25 0 0 

Tidal Observations 100 0 0 

Underground Temperature... 60 0 0 
Kiltoroon Qiiatries Fossils ... 20 0 0 











































































GENERAL STATEMENT. 
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£ s. d. 

Mountain Limestone Fossils 25 0 0 

Utilization of Sewage. 50 0 0 

Organic Chemical Compounds 30 0 0 

Onny Bivor Sediment . 3 0 0 

Mechanical Equivalent of 
Heat. 50 0 0 


t?1573 0 6 


1871. 

Maintaining the Establish¬ 
ment of Kew Observatory 600 0 0 
Monthly Reports of Progress 


in Chemistry. 100 0 0 

Metrical Committee. 25 0 0 

Zoological Record. 100 0 0 

Thermal Equivalents of the 

Oxides of Chlorine . 10 0 0 

Tidal Observations . 100 0 0 

Fossil Flora . 26 0 0 

Luminous Meteors . 30 0 0 

British Fossil Corals . 25 0 0 

Heat in the Blood. 7 2 C 

British Rainfall. 50 0 0 

Kent’s Hole Explorations ... 150 0 0 

Fossil Crustacea . 25 0 0 

Melhyl Compounds . 26 0 0 

Lunar Objects . 20 0 0 

Fossil Coral Sections, for 

Photographing . 20 0 0 

Bagshot Leaf-Beds . 20 0 0 

Moab Explorations . 100 0 0 

Gaussian Constants. 40 0 0 


£1472 2 6 


1872. 

Maintaining the Establish¬ 
ment of Kew Observatory 300 0 0 

Metrical Committee. 76 0 0 

Zoological Record. 100 0 0 

Tidal Committee . 200 0 0 

Oarboniferotis Corals . 25 0 0 

Organic Chemical Compounds 26 0 0 

Exploration of Moab.. 100 0 0 

Terato-Embryological Inqui¬ 
ries . 10 0 0 

Kent’s Cavern Exploration.. 300 0 0 

Luminous Meteors . 20 0 0 

Heat in the Blood. 15 0 0 

Fossil Crustacea . 25 0 0 

Fossil Elephants of Malta ... 25 0 0 

Lunar Objects . 20 0 0 

Inverse Wave-Lengths. 20 0 0 

British Rainfall...... 100 0 0 

Poisonous Substances Antago¬ 
nism. 10 0 0 

Essential Oils, Chemical Con¬ 
stitution, &c. 40 0 0 

Mathematical Tables . 50 0 0 

Thermal Conductivity of Me¬ 
tals .. 25 0 0 


£1285 0 0 


£ s. d, 

1873. 

Zoological Record. 100 0 0 

Chemistry Record. 200 0 0 

Tidal Oommiiiee . 400 0 0 

Sewage Committee . 100 0 0 

Kent s Cavern Exploration... 150 0 0 

Carbonil'erous Corals . 25 0 0 

Fossil Elephants . 25 0 0 

Wave-Lengths . 150 0 0 

British Rainfall. 100 0 0 

Essential Oils. 30 0 0 

Mathematical Tables . 100 0 0 

Gaussian Conslants . 30 0 0 

Sub-Wealden ExploTaiioiis... 25 0 0 

Underground Temperature ... 150 0 0 

Settle Cave Exploration . 50 0 0 

Fossil Flora, Ireland. 20 0 0 

Timber Denudation and Rain¬ 
fall . 20 0 0 

Luminous Meteors. 30 0 0 

£1685 0 0 

1874. — 

Zoological Record. 100 0 0 

Chemistry Record. 100 0 0 

Mathematical Tables . 100 0 0 

Elliptic Functions... 300 0 0 

Lightning Conductors. 10 0 0 

Thermal Conductivity of 

Rocks . 10 0 0 

Anthropological Instructions, 

SzG. . 50 0 0 

Kent’s Cavern Exploration... 150 0 0 

Luminous Meteors . 30 0 0 

Intestinal Secretions . 15 0 0 

British Rainfall. 100 0 0 

Essential Oils. 10 0 0 

Sub-Wealden Explorations... 25 0 0 

Settle Cave ISxploration. 50 0 0 

Maitritius Meteorological Re¬ 
search . 300 0 0 

Magnetization of Iron. 20 0 0 

Marino Organisms. 30 0 0 

Fossils, Nortli-Wcst of Scot¬ 
land .. 2 10 0 

Physiological Action of Light 20 0 0 

Trades Onions . 25 0 0 

Mountain Limestone-Corals 25 0 0 

Erratic Blocks . 10 0 0 

Dredging) Durham and York¬ 
shire Coasts . 28 5 0 

High Temperature of Bodies 30 0 0 

Siemens’s Pyrometer . 3 6 0 

Labyrinthodonts of Coal- 

Measures..... 7 15 0 

£1151 16 0 

1875. 

Elliptic Functions *. 100 0 0 

Magnetization of Iron 20 0 0 

British Rainfall... 120 0 0 

Luminous Meteors . 30 0 0 

Chemistry Record,,,.,,.....,... 100 0 0 
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£ d, 

Spocific Volume of Lirjuids.,. 25 0 0 
Ksiimalion of Pol ash and 


Pliosplioi’Ic Acid... 10 0 0 

Isoniotric Cresols . 20 0 0 

Sub-Wcaldou Kxplorailous... 100 0 0 
Konl’a Cavern Kxploration... 100 0 0 

kSetile Cave Kxplorai.ion. 50 0 0 

Earthquakes in Scotland. 15 0 0 

Underground Waters . 10 0 0 

Bovolopment of IVT^^xiuoid 

Fishes. 20 0 0 

Zoological Bccord. 100 0 0 

Instructions for Travellers ... 20 0 0 

Intestinal Secretions . 20 0 0 

Palestine Exploration . 100 0 0 

.L1M50 0 0 


1870. 

Printing Mathematical Tables 150 1 2 

Bril ish Rainfall. 100 0 0 

Ohm’s'Law. 0 15 0 

Tide Calculating Machine ... 200 0 0 
Speoilio Volume of Liquids... 25 0 0 

Isomeric Cresols . 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodacoto- 

acetato... 6 0 0 

Estimation of Potash and 

Phosphoric Acid. 13 0 0 

Exploration of Victoria Cave, 

Settle . 100 0 0 

Geological Record. 100 0 0 

Kent’s Cavern Exploration... 100 0 0 
Thermal Conductivities of 

Rocks . 10 0 0 

Underground Waters . 10 0 0 

Earthquakes in Scotland. 1 10 0 

Zoological Rcooi'd... 100 0 0 

Close Time. 5 0 0 

PhysiologicalActionof Sound 26 0 0 

Zoological Station.. 75 0 0 

Intestinal Secretions . 16 0 0 

Physical (JhaTacters of Inha¬ 
bitants of British Isles...... 13 16 0 

Measuring Speed of Ships ... 10 0 0 
ESect of Propeller on turning 

of Steam Vessels . 6 0 0 

£1002 4 2 


1877. 

Liquid Carbonic Acids in 

Minerals.. 20 0 0 

Elliptic Functions . 260 0 0 

Thermal Conductivity of 

Rocks . 9 11 7 

Zoological Record... 100 0 0 

Kent’s Cavern . 100 0 0 

Zoological Station at Kaples 76 0 0 

Luminous Meteors . 30 0 0 

Elasticity of Wires .. 100 0 0 

Pipterocarpse, Report on...... 20 0 0 


£ s. d. 

Mechanical Equivalent, i)!' 


Heat. 35 0 0 

Bonhic (i(un|HUUHl.s of Coiudt. 

aiuH^ickel. 8 0 0 

Uiuhu'groiind Temporal m’es 50 0 0 

S(‘t tie Cave lOxploration 100 0 0 

Underground \\hi,ler,siu New 

Red SandHiorio . 10 0 0 

Action of Ethyl linnnohuty- 
ralo on Ethyl Sodacett)- 

acetate ... tO 0 0 

British Earthworks . 25 t) 0 

Abmo.sphcric Ela-st icily in 

India . 15 0 0 

Bcvelopmcnt of Ligiit from 

Ooahgas. 20 0 0 

Estimaiiun of Potash and 

Phosphoric Acid.*..... I 18 0 

Geological Record. 100 0 0 

Anthro])omotnc tloinmit.toe 31 0 0 

Physiological Action of Phos¬ 
phoric Acid, <kc.15 0 0 

£1128 0 7 

1878. 

Exploration of Settle Caves 100 0 0 

Geological Record. 100 0 0 

Jnvcsligallou of Pulse Pheno¬ 
mena by means of Syphon 

Recorder. 10 0 0 

Zoological Station all Naples 75 0 0 

Invcstlgatioii of Underground 

Waters......... 15 0 0 

Transmission of Electrical 
Impulses through Nervo 

Structure... 30 0 0 

Calculation of E’actor Tahlo 

of E'otirlh Million.. 100 0 0 

Anthropometric Committee... 00 0 0 

Chomical Composition an<1 
Wtructuvo of less known 

Alkaloids. 25 0 0 

Exploration of Kout.’s Cavern 50 0 0 

Zoological Record. 100 0 0 

Fermanagh Cav('sEx)>]oration 15 0 0 

Thermal Conductivit.y of 

Rocks .. 4 10 n 

Luminous Meteors..,.. 10 0 0 

Ancient Earthworks. 25 0 0 




... 

3879. 

Table at the Zoological 

Station, Naples.. • fB 0 0 

Miocene Flora of the Basalt 
of the North of Ireland ... 20 0 0 

Illustrations for a Monograph 

on the Mammoth . 17 0 0 

Record of Zoological Litera¬ 
ture . 100 0 0 

Composition and Btruoture of 
less-known Alkaloids 26 0 0 

























































GENERAL STATEMENT. 


Ixsxvii 


£ s, d. 

Exploration of Caves in 

J5orneo . 50 0 0 

Kent’s Cavern Exploration... 100 0 0 
Bocord of tlie Progress of 

Greology . 100 0 0 

Fermanagh Oaves Exploration 5 0 0 

Electrolysis of Metallic Solu¬ 
tions and Solutions of 

Compound Salts. 25 0 0 

Anthropometric Committee... 50 0 0 
Natural History oE Socotra ... 100 0 0 
Calculation of Factor Tables 
for 5th and 6tli Millions ... 160 0 0 
Circulation of Underground 

Waters..... 10 0 0 

Steering of Screw Steamers... 10 0 0 
Improvement s in Astrono¬ 
mical Clocks .. 30 0 0 

Marine Zoology of South 

Devon. 20 0 0 

Determination of Mechanical 

Equivalent of Heat . 12 16 C 

Specific Inductive Capacity 

of Sprongel Vacuum. 40 0 0 

Tables of Sirn-heat Co- 

eflicionts. 80 0 0 

Datum Level of the Orclnanco 

Survey. 10 0 0 

Tables of Funclamcuial In¬ 
variants of Algebraic Forms 30 14 0 
Atmospheric Electricity Ob¬ 
servations in Madeira . 15 0 0 

Instrument for Detecting 

Fire-damp in Mines. 22 0 0 

Instruments for Measuring 

the Speed of Ships . 17 1 8 

Tidal Observations in the 
English Channel . 10 0 0 

1880. 

New Form of High Insulafion 

Key. 10 0 0 

Underground Temperature... 10 0 0 
Determination of the Me¬ 
chanical Equivalent of 

Heat . 8 5 0 

Elasticity of Wires . 50 0 0 

Luminous Meteors . 30 0 0 

Lunar Disturbance of Gravity 30 0 0 

Fundamental Invariants. 8 6 0 

Laws of Water Friction. 20 0 0 

Specific Inductive Capacity 

of, Sprengel Vacuum. 20 0 0 

Completion of Tables of Sun- 

heat Coefficients . 60 0 0 

Instrument for Detection of 

Fire-damp in Mines. 10 0 0 

Inductive Capacity of Crystals 

and Paraffines . 4 17 7 

Beport on Carboniferous 
Polyzoa .. 10 0 0 


£ 5. d. 

Caves of So\iih Ireland . 10 0 0 

Viviparous Nat ure of Ichthyo¬ 
saurus . 10 0 0 

Kent’s Ctxvcrn Exploration... 50 0 0 

Geological Kocord. 100 0 0 

Miocene Flora of ilie Basalt 

of Noi*th Ireland . 15 0 0 

Underground Waters of Per¬ 
mian Formations . 6 0 0 

Becord of Zoological Litera¬ 
ture . 100 0 0 

Table at Zoological Station 

at Naples . 75 0 0 

InvostigaHon of the Geology 

and Zoology of Mexico. 50 0 0 

Anthropometry. 50 0 0 

Patent Laws . 5 0 0 


•mi 7 7 


1881. 

Lunjir Distnrbance of Gravity 30 0 0 
Underground Temperature... 20 0 0 

High Insulation Key. 5 0 0 

Tidal Observations . 10 0 0 

Fossil Polyzoa . 10 0 0 

Underground Waters . 10 0 0 

Earthquakes in Japan. 26 0 0 

Tertiary Flora . 20 0 0 

Scottish Zoological Station ... 50 0 0 
Naples Zoological Station ... 75 0 0 
Natural History of Socotra ... 60 0 0 

Zoological Becord. 100 0 0 

Weights and Heights of 

Human Beings . 30 0 0 

Electrical Standards. 25 0 0 

Anthropological Notes and 

Queries . 9 0 0 

Specific Refractions . 7 3 1 

1882. 

Tertiary Flora of North of 

Ireland . 20 0 0 

Exploration of Caves of South 

of Ireland . 10 0 0 

Fossil Plants oC Halifax. 15 0 0 

Fundanicntal Invariants of 
Algebraical Forms ......... 70 111 

Becord of Zoological Litora- 

turo.;. 100 0 0 

British Polyzoa. 10 0 0 

Naples Zoological Station ... 80 0 0 

Natural History of Tim or-laut 100 0 0 

Conversion of Sedimentary 
Materials into Metamorphio 

Books . 10 0 0 

Natural History of Socotra... 100 0 0 

Circulation of Underground 

Waters... IS 0 0 

Migration of Birds .. 16 0 0 

Earthquake Phenomena of , ' . 

Japan. 25 0 0 
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£ s. il 

nor»lr>|j:icnl ^lap of Kuropo ... 25 0 0 
Kliininjition (»r 'Niliro^i»;on hy 

Bodily Bxi'roiscj.. 50 0 0 

AniliropouK'tric Ooiuinitico... 50 0 0 
riioi.o?j!.'ra]ihiap; lJUr!i“V’‘inU‘t 

Spark Sp(;cUni . 25 0 0 

Bx.pU)ndiioti oi' riay^pll 

Hiim. 20 0 0 

Ckdibral.ion of Mercurial Thcr- 

xuotTielcrs . 20 0 0 

\Va.ve-loa^’th Tables uf Spec¬ 
tra t»f Blenionts. 50 0 0 

(<eolo,i»’ical Becord. 100 0 0 

Standards for Bleclrical 

Mofisuremcnta . 100 0 0 

Exploration of (Jontral Africa 100 0 0 
Albinninoid Substances of 

Scrum. 10 0 0 

£Ml2(r Til 

188:). “ 
Natural History of Tiiaor-laut 50 0 0 

British Fossil Bolyzoa. 10 0 0 

Circulation of Underground 

Waters. 15 0 0 

Zoological Literature Itccord 100 0 0 

Exploration of Mount Kili- 

ma-njaro. 600 0 0 

Erosion of - Sea-coast of Eng¬ 
land and Wales. 10 0 0 

Fossil Plants of Halifax. 20 0 0 

Elimination of Nitrogen by 

Bodily Exercise. 88 3 3 

Isomeric Naphthalene Deri¬ 
vatives. 16 0 0 

Zoological Station at Naples 80 0 0 

Investigation of Loughton 

Camp . 10 0 0 

Barthfiuake Phenomena of 

Japan . 50 0 0 

Meteorological Observations 
on Bon Nevis. 50 0 0 


£ s, il 

Fossil Phyllopoda of Palmo- 

zoic Kooks . 25 0 0 

Migration of Birds ............ 20 0 0 

Oeological Record.. . 50 0 0 

Exploration of Caves in South 

of Ireland . 10 0 0 

Scottish Zoological Station... 25 0 0 

Screw Uauges. 5 0 0 


1881. 

Zoological l/iluraiur{) Kccoid 101) 0 0 

PYjssil Polyzoa. U) 0 0 

Exj)lora.tion of Mount Kili- 

tna-niaj’o, East A I’l’ica . 500 0 0 

Anihropoinetric CommilUMf... 10 o o 

Fossil i*lanIs of 11 all fax . 15 o 0 

lulcniaiional Ccoiogical Map 20 0 0 
Erratic Blocks of England ... U) 0 0 
Natural History of Tiraor-lant 50 0 0 

Coagulation of Blood. 100 0 0 

Naples Zoological Station ... 80 0 0 
Bibliography of Croups of 

Jnvertobrata . 50 0 0 

Earthquake Phenomena of 

Japan . 75 0 0 

Fossil Phyllopoda of Palam- 

zoio Rocks .. 15 0 0 

Meteorological Observatory at 

Chepstow...... 25 0 0 

Migration of Birds. 20 0 0 

Collecting and Investigating 

Meteoric Dust. 20 0 0 

Circulation of Undorgremnd 

Waters. 5 0 0 

Ultra-Violet S[)ark Spectra ... 8 4 0 

Tidal Observations... 10 0 0 

Meteorological Obsorvati ons 
on Bon Nevis. 50 0 0 


ill78 ^4 0 


General Ileepings. 

On Wednesday, August- 27, at 8 p.m., in the Queen’s Hall, Professor Cayley, M.A., 
D.C.L., TJj.D., F.R.S. (repre.sented by Profes.sor Sir William Thomson, M*A., LL.D., 
D.C.L., resigned the office of President to Professor Lord Rayleigh, 

D.C.L., F.B.S., F.R.A.S., F.R.G.S., who took the Chair, and delivered an Addre.ss, for 
which sec page 1. 

On Thursday, August 28, at 8 P.M., a Soiree took place in the McC ill University, 

On Friday, August 29, at 8.:')0 P.M., in the Queen’s Hall, Professor Oliver J, Lodge, 
D.Sc., delivered a Discoirrso on ‘Dust.’ 

On Monday, September 1, at 8.30 p.m., in the Queen’s Hall, the Rev. W. H. 
Ballinger, LL.D., F.R.S., delivered a Discourse on ‘The Modern Microscope in 
Researches on the Least and Lowest Forms of Life.’ 

On Tuesday, September 2, at 8 p.m,, a Soiree took place in the Skating Rink, 

On Wednesday, September 3, at 2.30 P.M., the concluding OoneraX Meeting took 
place in the Queen’s Hall, when the Proceedings of the Ceneral Committee and the 
Grants of Money for Scientific purposes were explained to the Members, 

The Meeting was then adjourned to Aberdeen, [The Meeting is appointed to 
commence on Wednesday, September 9,1885.] 





































PEESIDENT’S AEDEESS. 
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0 




ADDEESS 


BY 

THE EIGHT HON. LOED EAYLEIGH, 

M.A., D.O.L., F.R.S., F.R.A.S,, F.R.Gr.S., Brofesmj* of Experimental Ehysies in the 
Unwersity of Cmiibridge^ 

PRESIDENT. 


It is no ordinary meeting of the British Association which I have now 
the honour of addressing. For more than fifty years the Association has 
held its autumn gathering in various towns of the United Kingdom, and 
within those limits there is, I suppose, no place of importance which we 
have not visited. And now, not satisfied with past successes, we are 
seeking new woidds to conquer. When it was first proposed to visit 
'Canada, there were some who viewed the project with hesitation. For my 
own part, I never quite understood the grounds of their apprehension. 
Perhaps they feared the thin edge of the wedge. When once the principle 
was admitted, there was no knowing to what it might lead. So rapid 
is the development of the British Empire, that the time might come when 
a visit to such out-of-the-way places as London or Manchester could no 
longer be claimed as a right, but only asked for as a concession to the 
susceptibilities of the English. But seriously, whatever objection^ may 
have at first been felt were soon outweighed by the consideration of tho 
magnificent opportunities which your hospitality affords of extending 
the sphere of our influence and of becoming acquainted with a part of 
the Queen’s dominion which, associated with splendid memories of the 
past, is advancing daily by leaps and bounds to a position of importance 
such as not long ago was scarcely dreamed of. For myself, I am not a 
stranger to your shores. I remember well the impression made upon me, 
seventeen years ago, by the vrild rapids of tho St. Lawrence, and tho 
gloomy grandeur of the Saguenay. If anything impressed me more, it 
was the kindness with which I was received by yourselves, and which I 
doubt not will be again extended not merely to myself but to all the 
English members of the Association. I am confident that those who, 

have made up their min^s to cross the ocean will not repent their 

' 
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decision^ and tliat, apart altogetlior from scientific interests, great 
advantage may bo expected from this visit. We Englislmion onglit to 
know more than wo do of matters relating to the Colouios, and anything 
which tonds to bring the varions parts of the Empire into closer contact 
can hardly be overvalued. It is pleasant to tliink that this Association 
is the means of furthering an object which should bo dear to the In^arts 
of all of us ; and I venture to say that a largo proportion of the visitors 
to this country will be astonished by what they see, and will cainy home 
an impression which time will not readily efface. 

To be connected with this meeting is, to me, a great honour, but also 
a groat responsibility. In one respect, especially, I feel that the Associa¬ 
tion might have done well to choose another President. My own tastes 
have led me to study mathematics and physics rather than geology and 
biology, to which naturally more attention turns in a now country, pre¬ 
senting as it does a fresh field for investigation. A chronicle of aclii(we- 
ments in these departments by woi*kers from among yourselves would 
have been suitable to the occasion, but could not come from me. If' you 
would have preferred a different subject for this address, I hope, at least, 
that you will not hold mo entirely responsible. 

At annual gatherings like ours the pleasure with which friends meet 
friends again is sadly marred by the absence of those who can never more 
take their part in our proceedings. Last year my predecessor in this 
office had to lament the untimely loss of Spottiswoodo and Henry Smith, 
dear friends of many of us, and prominent members of our Association. 
Aud now, again, a well-known form is missing. Por many years 
Sir W. Siemens has been a regular attendant at our meetings, and io few 
indeed have they been more indebted for sirccoss. 'Whatever the occasion, 
in his Presidential Address of two years ago, or in communications to tho 
Physical and Mechanical Sections, ho had always new and interesting 
ideas, put forward in language which a child could understand, so great 
a master was lie of tho art of lucid statoment in his adopted tongue. 
Practice with Science was his motto. Deeply engaged in industry, a,ml 
conversant, all his life, with engineering opomtions, his opinion was never 
that of a moi^e theorist. On the other hand, he abhorred rule of thumb, 
striving always to master the scientific principles which underlie rational 
design and invention. 

It is not necessary that I should review in detail the work of Siemens. 
The part which he took, daring recent yeax's, in tho development of the 
dynamo machine must be known to many of you. Wo owe to him tho 
practical adoption of the method, first suggested by Wheatstone, of' 
throwing into a shunt the coils of the field magnets, by which a greatly 
improved steadiness of action is obtained. The same charaoteristios are* 
observable throughout-—a definite object in view and a well-directed’ 
perseverance in oyercomiug the difficulties by which the path is usually 
obstructed. 
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These ai’e, indeed, the conditions of snccessful invention. The world 
knows little of such things, and regards the new machine or the new 
method as the immediate outcome of a happy idea. Probably, if the 
truth wore known, we should see that, in nine cases out of ten, success 
depends as much upon good judgment and perseverance as upon fertility 
of imagination. The labours of our great inventoi’s are not unappreciated, 
but I doubt whether we adequately realise the enormous obligations 
under which we lie. It is no exaggeration to say that the life of such a 
man as Siemens is spent in the public service ; the advantages which he 
reaps for himself being as nothing in comparison with those which he 
confers upon the community at large. 

As an example of this it will he sufficient to mention one of the 
most valuable achievements of his active life—his introduction, in con¬ 
junction with his brother, of the Regenerative Gas Furnace, by which 
an immense economy of fuel (estimated at millions of tons annually) 
has been effected in the manufacfcure of steel and glass. The nature 
of this economy is easily explained. Whatever may be the work to 
be done by the burning of fuel, a certain temperature is necessary. 
For example, no amount of heat in the form of boiling water would 
be of any avail for the fusion of steel. When the products of com¬ 
bustion are cooled down to the point in question, the heat which they 
still contain is useless as regards the purpose in view. The importance 
of this consideration depends entirely upon the working temperature. 
If the object he the evaporation of water or the warming of a house, 
almost all the heat may be extracted from the fuel without special 
arrangements. But it is otherwise when the temperature required is not 
much below that of combustion itself, for then the escaping gases carry 
away with them the larger part of the whole heat developed. It was to 
meet this difficulty that the regenei’ativo furnace was devised. The pro¬ 
ducts of combustion, before dismissal into the chimney, caused to 
pass thi'ough piles of loosely stacked fire-brick, to which they give up 
their heat. A.ftor a time the fire-brick, upon which the gases first 
impinge, becomes nearly as hot as the furnace itself. By suitable valves 
the burnt gases are then diverted through another stack of brickwork, 
which they beat up in like manner, while the heat stored up in the first 
stack is utilised to warm the unburnt gas and air on their way to the 
furnace. In this way almost all the heat developed at a high temperature 
during the combustion is made available for the work in hand. 

As it is now several years since your presidential chair has been occu¬ 
pied by a professed physicist, it may naturally be expected that I should 
attempt some record of recent progress in that branch of science, if indeed 
such a term be applicable. For it is dne of the difficulties of the task that 
•subjects as distinct as Mechanics, Electricity, Heat, Optics and Acoustics^ 
to say nothing of Astronomy and Meteorology, are included under Physte* 
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Any one of tliose may well occupy tlio life-long attention of a nutn of 
Bcienco, and to be tlioroiigbly conversant •with all of them is more lluut 
can bo expected of any one individual, and is probably inconipatibh* n itli 
the devoiioit of much time and energy to the iudnal advanoeinont of 
knowledgo. ^IlTot that I would comidain of the sissociatioti sanctioncMl 
by conimon parlance. A sound knowledge of at least the principles of 
general physics is necessaty to the cultivation of any depiirimeni. 1'lie 
predominance of the sense of sight as the medhim of communication wiih 
the outer world, biungs with it dependence upon the science of optics; 
and there is hardly a branch of science in which the efifeetsof iomimmUnY 
have not (often without much success) to ho reckoned witli. Besides, tho 
neglected borderland between two branches of laiowledgo is often that 
which best repays cultivation, oi% to uso a metaphor of Max wolfs, the 
greatest benefits may bo derived from a ci’oss fertilisation of the sciencjcvs. 
The wealth of material is an evil only from tho point of vic‘w of one of 
whom too much may be expected. Another difficulty incident to the task, 
which must be faced but cannot bo overcome, is tluit of C8iim«atiug rightly 
the value, and even the correctness, of recent work. It is not always thal. 
which seems at first the most important that proves in tho end iu be so. 
The history of science teems with examples of discoveries which attracl-cd 
little notice at the time, but afterwards have taken root tlowinvards and 
borne much fruit upwards. 

One of tho most striking advances of recent years is in the prodtiction 
and application of electricity upon a large scale—a subject to which I have 
already had occasion to allude in coniiootion with the work of Sir W. 
Siemens. The dynamo machine is indeed founded upon discoveries of 
Faraday now more than half a century old ; but it has required the pro* 
tracted labours of many inventors to bring it to its present high degree of 
efficiency. Looking back at tbo matter, it sooms strange that progress 
should have been so slow. I do not refer to details of design, the clabo™ 
ration of which must always, I supposo, require tho experience of adual 
work to indicate what parts are structurally weaker than they Hhould bc^ 
or are exposed to undue wear and tear. But with regard to 1-hc main 
features of the problem, it would almost seem as if the difficulty lay in 
want of faith. Long ago it was recognised that olootricifcy derived froiu 
chemical action is (on a large scale) too expensive a source of mechanical 
power, notwithstanding the fact that (as proved by Joule in 1840) the 
conversion of electrical into mechanical work can be effbeted with groat 
economy. From this it is an evident consequence that dootxicity may 
advantageously be obtained from mechanical power; and one cannot help, 
thinking that if the fact had been borne steadily in mind, the develop... 
ment of the dynamo might have been much morq rapid. But disoovoricii 
and inventions are apt to appear obvious when regarded from the stand¬ 
point of accomplished fact j and I draw attention to the matter only to 
point the moral that we do well to push the attack persistently when we 
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ean "be sure beforehand that the obstacles to be overcome are only diffi¬ 
culties of contrivance, and that we are not vainly fighting unawares against 
a law of Mature. 

The present development of electricity on a large scale depends, how¬ 
ever, almost as much upon the incandescent lamp as upon the dynamo. 
The success of these lamps demands a very perfect vacuum—^not more than 
about one-millionth of the normal quantity of air should remain,—and it 
is interesting to recall that, twenty years ago, such vacua were rare even 
in the laboratory of the physicist. It is pretty safe to say that these 
wonderful results would never have been accomplished had practical 
applications alone been in view. The way was prepared by an army of 
scientific men whose main object was the advancement of knowledge, and 
who could scarcely have imagined that the processes which they elaborated 
would soon be in use on a commercial scale and entrusted to the hands of 
ordinary workmen. 

When I speak in hopeful language of practical electricity, I do not 
forget the disappointment within the last year or two of many over- 
sanguine expectations. The enthusiasm of the inventor and promoter 
are necessary to progress, and it seems to be almost a law of nature that 
it should overpass the bounds marked out by reason and experience. 
Wbat is most to be regretted is the advantage taken by speculators of 
the often unins fcructed interest felt by the public in novel schemes by 
which its imagination is fired. But looking forward to the future of 
electric lighting, we have good ground for encouragement. Already the 
lighting of large passenger ships is an assured success, and one which will 
be highly appreciated by those travellers who have expeiuenced the tedium 
of long winter evenings unrelieved by adequate illumination. Here, no 
doubt, the conditions are in many respects especially favourable. As 
regards space, life on board ship is highly concentrated; while unity of 
management and the presence on the spot of skilled engineers obviate some 
of the difficulties that are met with under other ciroumstances. At present 
we have no experience of a house-to-house system of illumination on a 
great scale and in competition with cheap gas; but preparations are 
already far advanced for trial on an adequate scale in London. In largo 
institutions, such as theatres and factories, we all know that electricity is 
in successful and daily extending operation. 

When the necessary power can be obtained from the fall of water, 
instead of from the combustion of coal, the conditions of the problem 
are far more favourable. Possibly the sevexuty of your winters may 
prove an obstacle, but it is impossible to regard your splendid river 
without the thought arising that the day may come when the vast powers 
now running to waste shall be bent into your service. Such a project 
demands of course the most careful consideration, but it is one worthy of 
an intelligent and enterprising community. 

The requirements of practice react, in the most , healthy manner ujjon 
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iscieiitifio olccfcricity* Just as in. former days the science received a 
stimulas from the application to telegraphy, under vrhich evei^ything 
relating to measurement on a small scale acquired an importance and 
development for which wo might otherwise have had long to wait, so 
now the requirements of electric lighting are giving rise to a now dove- 
lopment of the art of measurement upon a large scale, which cannot 
Tail to prove of scientific as well as pi*actical imporiaxice. Mere change 
of scale may not at first appear a very important matter, but it is sur¬ 
prising how much modification it entails in the instruments, and in the 
processes of measurement. For instance, the resistance coils on which 
the electrician relies in dealing with currents whose maximum is a 
fraction of an ampere, fail altogether when it becomes a question of 
imndreds, not to say thousands, of amperes. 

The powerful currents, which are now at command, constitute almost 
a new weapon in the hands of the physicist. Effects, which in old days 
were rare and difficult of observation, may now be produced at will 
on the most conspicuous scale. Consider for a moment Faraday^s great 
discovery of the ‘ Magnetisation of Light,’ which Tyndall likens to the 
Weisshorn among mountains, as high, beautiful, and alone. This judg¬ 
ment (in which I fully concur) relates to the scientific aspect of the 
discovery, for to the eye of sense nothing could have been more insignifi- 
oant. It is even possible that it might have eluded altogether the pene¬ 
tration of Faraday, had he not been provided with a special quality of 
very heavy glass. At the present day these effects may bo produced 
upon a scale that would have delighted their discoverer, a rotation of the 
plane of polarization through 180® being perfectly feasible. With tho aid 
of modern appliances, Kundt and Kontgen in Germany, and H. Booquerel 
in France, have detected tho rotation in gases and vapours, where, on 
account of its extreme smallness, it had pi^eviously escaped notice. 

Again, the question of the magnetic saturation of iron has now an 
importance entirely beyond what it possessed at the time of Joule’s early 
observations. Then it required special arrangements purposely contrived 
to bring it into prominence. Now in every dynamo machine, tho iron of 
the field-magnets approaches a state of saturation, and tho very elements 
of an explanation of tho action require us to take tho fact into account. 
It is indeed probable that a better knowledge of this subject might lead 
io improvements in the design of these machines. 

Notwithstanding the important work of Rowland and Stoletow, tho 
whole theory of the behaviour of soft iron under varying magnetic con¬ 
ditions is still somewhat obscure. Much may he hoped from the in¬ 
duction balance of Hughes, by which the marvellous powers of tho 
telephone are applied to the discrimination of the properties of metals, as 
regards magnetism and electric conductivifcy. 

The introduction of powerful alternate-current machines by Siemens, 
<Sordoni, Ferranti, and others, * is likely also to have a salutary effect 
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in educating those so-called practical electricians whose ideas do not 
-easily rise above ohms and volts. It has long been known that when 
the changes are sufiiciently rapid, the phenomena are governed mach 
more by induction, or electric inertia, than by mere resistance. On this 
principle much may be explained that would otherwise seem paradoxical. 
To take a comparatively simple case, conceive an electro-magnet wound 
with two contiguous wires, upon which acts a given rapidly periodic 
•electro-motive force. If one wh'c only be used, a certain amount of heat 
is developed in the circuit. Suppose now that the second wire is brought 
into operation in parallel—a proceeding equivalent to doubling the section 
of the original wire. An electrician accustomed only to constant currents 
would be sure to think that the heating efifect would be doubled by the 
change, as much heat being developed in each wire separately as was 
at first in the single wire. But such a conclusion would be entirely 
-erroneous. The total current, being governed practically by the self- 
induction of the circuit, would not be augmented by the accession of the 
second wire, and the total heating effect, so far from being doubled, would, 
in virtne of the superior conductivity, be halved. 

During the last few years mnch interest has been felt in the reduction 
to an absolute standard of measurements of electro-motive force, current, 
resistance, etc., and to this end many laborious investigations have been 
undertaken. The subject is one that has engaged a good deal of my 
own attention, and I should naturally have felt inclined to dilate upon 
it, but that I feel it to be too abstruse and special to be dealt with 
in detail upon an occasion like the present. As regards resistance, I will 
merely remind you that the recent determinations have shown a so greatly 
improved agreement, that the Conference of Electricians assembled at 
Paris, in May, have felt themselves justified in defining the ohm for 
practical use as the I'esistance of a column of mercury of 0° 0., one square 
millimeti'e in section, and 106 centimetres in length—a definition differing 
by a little more than ono per cent, from that arrived at twenty years ago 
by a committee of this Association. 

A standard of resistance once determined upoi:i can be embodied in 
a ‘resistance coil,’ and copied without much trouble, and with great 
accuracy. But in order to complete tho electrical system, a second standard 
of some kind is necessaiy, and this is not so easily embodied in a permanent 
form. It might cotxvoniently consist of a standard galvanic cell, capable 
of being prepared in a definite manner, whose electro-motive foro^ is once 
for all determined. Unfortunately, most of the batteries in ordinary use 
are for one reason or another unsuitable for this purpose, but the cell in¬ 
troduced by Mr. Latimer Clark, in which the metals are zinc in contact 
with saturated zinc sulphate and pure mercury in contact with mercurous 
-sulphate, appears to give satisfactory results. According to my measure¬ 
ments, the electro-motive force of this cell is 1*435 theoretical volts. 

We may also conveniently express the second absolute, electrical 
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measBieemoni iiecoKKary to tlio complotion o£ tlie system by taking 
advaiktago of Faraday’s law, tliat the (paiitity of metal decomposed 
ill an olcctrolyti (5 coll is ptoporiioiml to tho wliolo quantity of elec¬ 
tricity that passes. Tho best metal tor the pmqioso is silyer, deposited 
from a solution ol! tho nitrate or of the chlorate. ^’Iio results roconily 
obtained by Professor Kohlmusch and by myself arc in veiy good, 
Uigreoment, and the conclnsion that one ampevo flowing for oiio hoar 
decomposes 4*02o grains of silver, can hardly bo in error by inoro than 
a thousandth part. This number being known, tlio silver yoltamottu* 
gives a ready and very accurate method of measuring currents of 
intensity varying from ampere to four or five amperes. 

The beautiful and mysterious phenomena attending tho discharge of’ 
cloctiucity in nearly vacuous spaces have been investigated and in some 
degree explained by Do La Kue, Crookes, Schdster, Moulton, and tlie 
lamented Spottiswoode, as well as by various able foreign experimenters. 
In a recent research Crookes has sought tho origin of a bright citron** 
coloured band in the phosphorescent spectrum of certain earths, and 
after encountering difficulties and anomalies of a most bewildering kind, 
has succeeded iu proving that it is duo to yttrium, an elomcni much 
more widely distributed than had been supposed. A conclusion like this 
is stated in a few words, but those only who have undergone similar ex¬ 
perience are likely to appreciate the skill and perseverance of which it is 
the final reward. 

A remarkable observation by Hall of Baltimoi*e, from ■wdiich it 
appeared that the flow of electricity in a conducting sheet was disturbed 
by magnetic force, has been the subject of much dificusBiou, Mr. 
Shelford Bidwell has brought forward experiments tending to jmive 
that the effect is of a secondary character, due in tho lirst instance to the 
mechanical force operating upon tho conductor of an electric curront when 
situated in a powerful magnetic field. Mr. BiclwolFs vitsw agrees in tho 
main with Mr. IlalFs division of tho metals into two groups according to 
tho direction of the effbet. 

Without doubt tho most important aohiovoraent of ilio older g<uiem** 
tion of scientific men has been tho establishment and application of tho 
great laws of Thermo-dynamics, or, as it is often called, tho Mechanical 
Theory of Heat. The first law, which asserts that heat and mechanical 
work can be transformed one into the other at a certain fixed rate, 
is now well understood by every student of physics, and tho number 
expressing the mechanical equivalent of heat resulting from tho experi¬ 
ments of Joule, has been confirmed by the roscarohos of others, and 
especially of Rowland. But the second law, which practically is oven 
more important than the first, is only now beginning to receive the full 
appreciation due to it. One reason of this may bo found in a not un¬ 
natural confusion of ideas* Words do not always lend themselves readily 
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to the demands that ai’e made upon them bj a growing science, and J 
think that the almost unavoidable nse of the word equivalent in the 
statement of the first law is partly responsible for the little attention that 
is given to the second. For the second law so far contradicts the usual 
statement of the first, as to assort that equivalents of heat and work are 
not of equal value. While work can always be converted into heat, heat 
can only be converted into woi"k under certain limitations. For every 
practical purpose the work is worth the most, and when we speak of “ 
equivalents, we use the word in the same sort of special sense as that in 
which chemists speak of equivalents of gold and iron. The second law 
teaches us that the real value of heat, as a source of mechanical power, 
depends upon the temperature of the body in which it resides ; the hotter* 
the body in relation to its surroundings, the more available the heat. 

In order to see the relations which obtain between the first and the 
second la%v of Thermo-dynamics, it is only necessary for us to glance at 
the thc(.)ry of the steam-engine. Not many years ago calculations were 
plentiful, demonstrating the inefficiency of the steam-engine on the basis 
of a comparison of the work actually got out of the engine with the 
mcclijinical equivtilent of the heat supplied to the boiler. Such calcula¬ 
tions took into account only the first law of Thormo-dynamics, which deals 
with tho equivalents of heat and work, and have very little bearing upon 
the practical question ofefSciency, which requires us to have regard 
also to the second law. According to that law the fraction of the total 
enei-gy which can be converted into work depends upon the relative 
temperatures of the boiler and condenser; and it is, therefore, manifest 
that, as the temperature of tho boiler cannot be raised indefinitely, it is 
impossible to utilise all the energy which, according to the first law of 
Thermo-dynamics, is resident in the coaL On a sounder view of the 
matter, the efficiency of the steam-engine is found to be so high, that 
there is no great margin remaining for improvement. Tho higher 
initial temperature possible in the gas-engino opens out much wider 
possibilities, and many good judges look forward to a time when the 
steam--engino will have to give way to its younger rival. 

To return to tlie. theoretical question, we may say with Sir W. 
Thomson, that though energy cannot be destroyed, it ever tends to be 
dissipated, or to pass from more available to less available forms. No 
one who has grasped this principle can fail to recognise its immense im¬ 
portance in the system of the Universe. Every change—chemical, thermal, 
OX" mechanical—^which takes place, or can take place, in Nature, does so 
at the cost of a certain amount of available energy. If, therefore, we wish 
to inquire whether or not a proposed transformation can take place, the 
question to be considered is whether its occurrence would involve dissipa¬ 
tion of energy. If not, the transformation is (under the circumstances of 
the case) absolutely excluded. Some years ago, in a lectnr© at the Eoyal 
Institution, I endeavoured to draw the attention of chemists to the 
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aBoe of tiio principle of dissipation in relation to tlieir science, pointing 
ont the on'or of tho usual assumption that a general criterion is to bo 
foitnd in the dovolopmcut of beat. For example, tho solniion of a salt in 
water is, if I may be allowed the phrase, a downhill transformation. It 
involves dissipation of energy, and can therefore go forward ; but in 
many cases it Is associated with the absorption rather than with the 
development of heat. I am glad to take advantage of the present 
opportunity in order to repeat ray recommendation, with an emphasis 
jnstiEed by actual achievement. The foundations laid by Thomson 
now bear bm edifice of no mean proportions, thanks to tho labours of 
several physicists, among whom must bo especially mentioned Willard 
Oibbs and Helmholtz. The former has elaborated a theory of tho 
equilibrium of heterogeneous substances, wide in its principles, and wo 
cannot doubt far-reaoWg in its consequences. In a series of masterly 
papers Helmholtz has developed the conception of free energy with very 
important applications to the theory of the galvanic cell. He points out 
that the mere tendency to solution hears in some cases no small pro¬ 
portion to tho afiSnities more usually reckoned chemical, and contributes 
largely to the total electro-motive force. Also in our own country Dr* 
Alder Wright has published some valuable experiments relating to tho 
subject. 

From the further study of electrolysis we may expect to gain improved 
views as to the nature of the chemical reactions, and of tho forces concerned 
in bringing them about. I am not qualified—I wish I wore—to speak to 
you on recent progress in geneml chemistiy. Perhaps my feelings towards 
a first love may blind me, but I cannot help thinking that the next groat 
■advance, of which we have already some foreshadowing, will como on this 
•side, And if I might without presumption venture a word of recom¬ 
mendation, it would bo in favour of a more minute study of the simpler 
■chemical phenomena. 

Under the head of soiontifio mechanics it is principally in relation to 
fluid motion that advances may be looked for. In speaking upon this 
subject I must limit myself almost entirely to experimental work. Thoo- 
.retioal hydro-dynamics, however important and intoroBting to tho maihe- 
matioian, are eminently unsuited to oral exposition. All I can do to 
attenuate an injustice, to which theorists are pretty well accustomed, is 
to refer you to the admirable reports of Mr. W. M. Hicks, published under 
the auspices of this Association. 

The important and highly practical work of the lato Mr. Fronde in 
- relation to the propulsion of ships is doubtless known to most of you. 
Eecognising the fallacy of views then widely held as to tho nature of tho 
resistance to be overcome, he showed to demonstration that, in the case 
of fair-shaped bodies, we have to deal almost entirely with resistance 
dependent upon skin friction, and at high speeds upon the generation of 



ABDUESS. 


13 


surface waves by which energy is carried off. At speeds which are 
modei’ate in relation to the size of the ship, the resistance is practically 
dependent upon skin friction only. Although Professor Stokes and other 
mathematicians had previously published calculations pointing to the 
same conclusion, there can be no doubt that the view generally enter- 
tained was very different. At the first meeting of the Association which 
I ever attended, as an intelligent listener, at Bath in 18G4,1 well remember 
the surprise which greeted a statement by Rankine, that he regarded skin 
friction as the only legitimate resistance to the progress of a well-designed 
ship. Mr. Fronde’s experiments have set the question at rest in a manner 
satisfactory to those who had little confidence in theoretical prevision. 

In speaking of an explanation as satisfactory in which skin friction is 
accepted as the cause of resistance, I must guard myself against being 
supposed to mean that the nature of skin friction is itself well understood. 
Although its magnitude varies with the smoothness of the surface, we have 
no reason to think that it would disappear at any degree of smoothness 
consistent with an ultimate molecular structure. That it is connected 
with fluid viscosity is evident enough, but tlie modus o^^erandi is still 
obscure. 

Some important work bearing upon the subject has recently been pub¬ 
lished by Professor 0. Reynolds, who has investigated the flow of water 
in tubes as dependent upon the velocity of motion and upon the size of tho 
bore. The laws of motion in capillary tubes, discovered experimentally 
by Poiseuille, are in complete harmony with theory. The resistance varies 
as the velocity, and depends in a direct manner upon the constant of 
viscosity. But when we come to the larger pipes and higher velocities with 
which engineers usually have to deal, the theory which presupposes a regu¬ 
larly stratified motion evidently ceases to be applicable, and the problem 
becomes essentially identical with that of skin friction in relation to ship- 
propulsion. Professor Reynolds has traced with much success the passage 
from the one state of things to the other, and has proved the applicability 
under these complicated conditions of the general laws of dynamical 
similarity as adapted to viscous fluids by Professor Stokes. In spite of 
the difficulties which beset both the theoretical and experimental treat¬ 
ment, we may hope to attain before long to a better understanding of' 
a subject which is certainly second to none in scientific as well as practical 
interest. 

As also closely connected with the mechanics of viscous fluids, I 
must not forget to mention an important series of experiments upon the 
friction of oiled surfaces, recently executed by Mr. Tower for the Instil 
tution of Meobanical Engineers. The results go far towards upsetting 
some ideas hitherto widely admitted. When the lubrication is adequate^ 
the friction is found to be nearly independent of the load, and much 
smaller than is usually supposed, giving a coeffi.cient as low as 
Wheu the layer of oil is well formed, the pressure between the solid 
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KiirfaceB IB really homo by the flaid, and the work lost is spent in 
slK'aring, that is, in causing ono stmtnm of the oil to glide over another. 
In order* to maintain its position, the fluid must possess a cert.ain 
degrtK5 of viscoBity, proportionate to the pressure; and even when this 
condition is satisfied, it would appear to bo nccossaiy that the layoi* 
should be thicker on the ingoing than on the outgoing side. Wo may, 
I holievo, expect from Professor Stokes a further elucidation of tlio pro- 
cesRCS involved. In the meantime, it is obvious that the results already 
obtained are of the utmost value, and fully justify the action of the 
Institution in devoting a part of its resources to experimentn)! work. 
Wo may hope indeed that the example thus wisely set may be followed 
by other public bodies associated with various departments of industry. 

I can do little more than refer to the interesting observations of 
Professor Darwin, Mr. Hunt, and M. Ford on Bipplemark. The processes 
concerned would seem to be of a rather intricate character, and largely 
-dependent upon fluid viscosity. It may ho noted indeed that most of the 
still obscure phenomena of hydro-dynamics require for tbeir elucidation a 
better comprehension of the laws of viscous motion, '’.riie subject is one 
which offers peculiar difficulties. In some problems in which I have 
lately been interested, a circulating motion presents itself of the kind 
which the mathematician excludes from the first wlion ho is treating of 
fluids destitute altogether of viscosity. The intensity of this motion 
provc*s, however, to be independent of the coefficient oi‘ viscosity, so that 
it cannot be correctly dismisvsed from consideration in (tonscquenco of a 
supposition that the viscosity is infinitely small. The apparent broftch 
of continuity can be explained, but it shows how much care is needful in 
dealing with the subject, and liow* easy it is to Ml into error. 

The nature of gaseous viscosity, as duo to the diflusion of niomontum, 
has been made clear by the theoretical and experimoxital researches of 
Maxwell. A fiat disc moving in its own piano between two parallel 
solid surfaces is impeded by the necessity of shearing tho int(n*v<'ning 
layers of gas, and the magnitude of tho hindrance is proportional to tlm 
velocity of the motion and to tho viscosity of tho gas, bo that under 
similar circumstances this effect may bo taken as a measure, or tiithor 
definition, of tho viscosity. From tho dynamical theory of gas«^s, to tho 
development of which ho contributed so much, Maxwell drew tho 
startling conclusion that tho viscosity of a gas should bo indopondent of 
its density,—that within wido limits tho resistance to the moving disc 
•should be scarcely diminished by pumping out tho gas, so as to form a 
partial vacuum* Experiment fully confirmed this theoretical anticipation, 
—one of the most remarkable to be found in the whole history of science-— 
and proved that the swinging disc was retarded by tho gas, as much 
when the barometer stood at half an inch as when it stood at thirty 
inches. It was obvious, of course, that tho law must have a limit, that 
at a certain point of exhaustion the gas must begin to lose its power i and 
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I remember disoussiDg with Maxwell, soon after the publication of Ms 
experiments, the whereabouts of tho point at which the gas would cease 
to produce its ordinary effect. His apparatus, however, was quite un¬ 
suited for high degrees of exhaustion, and the failure of the law was 
first observed by Kundt and Warburg, as pressures below 1 mm. of 
mercury. Subsequently the matter has been thoroughly examined by 
Crookes, who extended his observations to the highest degrees of ex¬ 
haustion as measured by MacLeod’s gauge. Perhaps the most remark¬ 
able results relate to hydrogen. Prom the atmospheric pressnre of 760 
mm. down to about ^ mm. of mercury the viscosity is sensibly constant. 
Prom this point to the highest vacua, in which less than one-millionth of 
the original gas remains, the coefficient of viscosity drops down gradually 
to a small fraction of its original value. In these vacua Mr. Crookes 
regards the gas as having assumed a different, ultra-gaseons, condition; 
but we must remember that the phenomena have relation to the other 
circumstances of the case, especially the dimensions of the vessel, as well 
as to tho condition of the gas. 

Such an achievement as the prediction of Maxwell’s law of viscosity 
has, of course, drawn increased attention to the dynamical theoi'y of gavses. 
The success which has attended the theory in the bands of Clausius, 
Maxwell, Boltzmann, and other mathematicians, not only in relation to 
viscosity, but over a large part of the entire field of our knowledge of 
gases, proves that some of its fundamental postulates are in harmony with 
the reality of Hature. At tho same time, it presents serious difficulties j 
and we cannot but feel that while the electrical and optical propei'ties of 
gases remain out of relation to the theory, no final judgment is possible. 
The growth of experimental knowledge may be trusted to clear up many 
doubtful points, and a younger generation of theorists will bring to bear 
improved mathematical weapons. In the meantime we may fairly con¬ 
gratulate ourselves on the possession of a guide which has already 
conducted us to a position which could hardly otherwise have been 
attained* 

In Optics attention has naturally centred upon the spectrum. Tho. 
mystery attaching to the invisible rays lying beyond the red has been 
fathomed to an extent that, a fev^ years ago,^ would have seemed almost 
impossible. By the use of special photographic methods Abney has 
mapped out the peculiarities of this region with such success that our 
knowledge of it begins to be comparable with that of the parts visible 
to the eye. Equally important wort has been done by Langley, using 
a refined invention of his own based upon the principle of Siemens’ 
pyrometer. This instrument measures the actual energy of the radia¬ 
tion, ar^d thus expresses the effects of various parts of the spectrum 
upon a common scale, independent of the properties of the eye and o£ 
sensitive photographic preparations. Interesting results have also bpn 
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obtained by Becquerel, whose method is founded upon a curious action 
of the xiltra-red rays in enfeebling the light emitted by phosphorescent 
substances. One of the most startling of Langley’s conclusions relates 
to tlio influence of the atmosphere in modifying the quality of solar 
light. By the comparison of observations madt^ through varying 
thicknesses of air, he shows that the atmospheric absorption tells most 
upon the light of high refrangibility; so that, to an eye situated out¬ 
side the atmosphere, the sun would present a decidedly bluish tint. It 
would be interesting to compare the experimental numbers with the law 
of scattering of light by small particles given some years ago as the result 
of theory. The demonstration by Langley of the inadequacy of Cauchy’s 
law of dispersion to represent the relation between refrangibility and 
wave-length in the lower part of the spectrum must have an important 
bearing upon optical theory. 

The investigation of the relation of the visible and ultra-violet spectrum 
to various forms of matter lias occupied the attontiou of a host of able 
workers, among whom none have been more sue.cossfiil than my colloagties 
at Cambridge, Professors Livcing and Dewar, Tlio subject is too large 
both for the occasion and for the individual, and I must pass it by. But, 
as more closely related to Optics proper, I cannot resist rocaJling to your 
notice a beautiful application of the idea of Doppler to the discrimination 
of the origin of certain lines observed in the solar spectrum. If a vibrating 
body have a general motion of approach or recession, the waves omitted 
from it reach the observer with a jfrequency which in the first case exceeds, 
and in the second case falls short of, the real frequency of the vibrations 
themselves. The consequence is that, if a glowing gas bo in motion in the 
line of sight, the spectral linos arc thereby displaced from tho position 
that they would occupy were tho gas at rest—a principle which, in the 
hands of Huggins and others, 1ms led to a detomination of the motion 
of certain fixed stars relatively to tho solar aystem. But tlie sun is itself 
in rotation, and thus the position of a solar spectral lino is slightly 
different according as tlic light comes from the advancing or from the 
retreating litnb. Tins displacement was, I beliovo, first obsorvcHl by 
Thollon; but what I desire now to draw attention to is tho application 
of it by Cornu to determine whether a lino is of solar or atmospheric 
origin, for this purpose a small imago of tho sun is thrown upon ilm slit 
of the spectroscope, and caused to vibrato two or three times a second, in 
such a manner that the light entering the instrument comes altornaioly 
from the advancing and retreating limbs. 'Under these circumstanccB 
a line due to absorption within the sun appears to tremble, as the result 
of slight alternately opposite displacements! But if tho seat of tho ab¬ 
sorption be in the atmosphere, it is a matter of indifference from what 
part of the sun the light originally proceeds, and the line maintains its 
position in spite of the oscillation of the image upon tho slit of the spec¬ 
troscope. In this way Oomu was able to make a discrimination which 
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can only otherwise he ejBPected by a difficult comparison of appearances 
under warious solar altitudes. 

The instrumental weapon of investigation, the spectroscope itself, 
has made important advances. On the theoretical side, we have for our 
guidance the law that the optical power in gratings is proportional to the 
total number of lines accurately ruled, without regard to the degree of 
closeness, and in prisms that it is proportional to the thickness of glass 
traversed. The magnificent gratings of Rowland are a new power in 
the hands of the spectroscopist, and as triumphs of mechanical art seem 
to be little short of perfection. In our own report for 1882, Mr. Mallock 
has described a machine, constructed by him, for ruling large diffraction 
gratings, similar in some respects to that of Rowland. 

The great optical constant, the velocity of light, has been the subject 
©f three distinct investigations by Cornu, Michelson, aad Forbes. As 
may be supposed, the matter is of no ordinary difficulty, and it is there¬ 
fore not surprising that the agreement slionld he less decided than could 
he wished. From their observations, which were made by a modification 
of Fizeau’s method of the toothed wheel, Young and Forbes drew the con¬ 
clusion that the velocity of light in vacuo varies from colour to colour, to 
such an extent that the velocity of blue light is nearly two per cent, 
greater than that of red light. Such a variation is quite opposed to 
•existing theoretical notions, and could only he accepted on the strongest 
evidence. Mr. Michelson, whose method (that of Foucault) is well suited 
to bring into prominence a variation of velocity with wave length, informs 
me that he has recently repeated his experiments with special reference 
to the point in question, and has arrived at the conclusion that no varia¬ 
tion exists comparable with that asserted by Young and Forbes. The 
actual velocity differs little from that found from his first series of experi¬ 
ments, and may be taken to be 299,800 kilometres per second. 

It is remarkable how many of the playthings of our childhood give 
rise to questions of the deepest scientific interest. The top is, or may be 
understood, but a complete comprehension of the kite and of the soap- 
bubble would carry us far beyond our present stage of knowledge. In spite 
of the admirable investigations of Plateau, it still iwiains a mystery why 
soapy water stands almost alone among fluids as a material for bubbles. 
The beautiful development of colour was long ago ascribed to the inter¬ 
ference of light, called into play by the gradual thinning of the film. In 
accordance with this view the tint is determined solely by the thickness 
of the film, and the refractive index of the fluid. Some of the phenomena 
are however so curious, as to have led excellent observers like Brewster 
to reject the theory of thin plates, and to assume the secretion of various 
kinds of colouring matter. If the rim of a wine-glass be dipped in 
isoapy water, and then held in a vertical position, horizontal bands soon 
begin to show at the top of the film, and extend themselves gradually, 
downwards. According to Brewster these bands are not formed by the 
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^ subsidence and gradual thinning of the film/ because they maintain 
their horiaiontal position when the glass is turned round its axis. I’lns 
experiment is both easy and interesting ; but the eonclusiou drawn from 
it cannot bo accepted. The fact is that the various parts of iho film 
cannot quickly alter their thickness, and hence when the glass is rotated 
they re-arrange themselves in order of superficial density, th<' Uunner 
parts floating up over, or through, the thicker parts. Only tlius can the 
tendency be satisfied for the centre of gravity to assume the lowest 
possible position. 

When the thickness of a film falls below a small fraction of 11 lo Icmgth 
of a wave of light, tlie colour disappears and is ro])laced by an intense 
blackness. Professors Reinold and Rtlckor have recently made tho re- 
maikahle observation that the whole of the black region, soon after its 
formation, is of uniform thickness, tho passage froiri the l)la<jk to tlio 
coloured portions being exceedingly abrupt. By two independent 
methods they have determined tho thickness of tho black film to lie 
between seven and fourteen millionths of a millimetre; so that tho 
thinnest films correspond to about one-sevontictli ol‘ a wjive-Umgth of 
light. The importance of these resulis m regard to inolt^etilar theory is 
too obvious to be insisted upon. 

The beautiful inventions of tho telephone and Iho phonograph, although 
in the main dependent upon principles long since established, have imparted 
a new interest to the study of Acoustics. Tho former, apart from its uses 
in every-day life, has become in the hands of its inventoi*, C5 raham 1 >ell, and 
of Hughes, an instrument of first-cluss scioutifie iniportanco. Tho theory 
of its action is still in some respects obscure, as is shown by tho com})ara- 
tive failure of the many attempts to improve it. In connection with some 
explanations that have been offered, wo do well to remember that molecular 
changes in solid masses arc inatidiblo in thcniHclvcH, and can only bo 
manifested to our ears by the genoratitni of a to and Iro motion of tho 
external surface extending over a sensible area. If the surface of a solid 
remains undisturbed, our cars can tell ns nothing of what goes on in tlu^ 
interioi\ 

In theoretical acoustics progress has been si;oa<lily miuntiiincd, and 
many phenomona, which wore obsenro twenty or thirty y(‘ars ago, havtj 
since received adequate explanation. If some important pnicticid, <|uoh- 
tions remain unsolved, one reason is that they have not yet been defiiutely 
stated. Almost everything in connection with tho ordimny use of our 
senses, presents peculiar difficulties to Bciontific investigation. Some 
kinds of information with regard to their surroundings are of such para¬ 
mount importance to successive, generations of living beings, that they 
have learned to interpret indications which, from a physical point of 
view, are of the slenderest character. Every day we are in the habit of 
recognising, without much difficulty, the quarter from which a sound 
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proceeds, but by wbat steps we attain that end has not yet been satis¬ 
factorily explained. It has been proved that when proper precautions 
are taken we are unable to distinguish whether a pure tone (as from a 
vibrating tuning fork held over a suitable resonator) comes to us from 
in front or from behind. This is what might have been expected from 
an d prion point of view; but what would not have been expected is 
that with almost any other sort of sound, from a clap of the hands to 
the clearest vowel sound, the discrimination is not only possible but easy 
and instinctive. In these cases it does not appear how the possession of 
two ears helps us, though there is some evidence that it does; and even 
when sounds come to us from the right or left, the explanation of the 
ready discrimination which is then possible with pure tones, is not so easy 
as might at first appear. We should be inclined to think that the sound 
was heard much more loudly with the ear that is turned towards than 
with the ear that is turned from it, and that in this way the direction 
was recognised. But if we try the experiment, we find that, at any rate 
with notes near the middle of the musical scale, the difference of loudness 
is by no means so very great. The wave-lengths of such notes are long 
enough in relation to the dimensions of the head to forbid the forma¬ 
tion of anything like a sound shadow in which the averted ear might 
be sheltered. 

In concluding this imperfect survey of recent progress in physics, I 
must warn you emphatically that much of great importance has been 
passed over altogether. I should have liked to speak to you of those far- 
reaching speculations, especially associated with the name of Maxwell, in 
which light is regarded as a disturbance in an electro-magnetic medium. 
Indeed, at one time, I had thought of taking the scient^c work of 
Maxwell as the principal theme of this address. But, like most men of 
genius, Maxwell delighted in questions too obscure and diiSicult'for hasty 
treatment, and thus much of his work could hardly be considered upon 
such an occasion as the present. His biography has recently been pub¬ 
lished, and should be read by all who are interested in science and in 
scientific men. His many-sided character, the quaintness of his humour, 
the penetration of his intellect, his simple but deep religious feeling, 
the affection between son and father, the devotion of husband to wife, 
all combine to form a rare and fascinating pictime. To estimate 
rightly his influence upon the present state of science, we must I'egard 
not only the work that he executed himself, important as that was, 
but also the ideas and the spirit which he communicated to others. 
Speaking for myself as one who in a special sense entered into his 
labours, I should find it difficult to express adequately my feeling of 
obligation. The impress of his thoughts may be recognised in much of 
the best work of the present time. As a teacher and examiner' he was 
well acquainted with the almost uniTersal tendency of uninstructed minds, 
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to elevate phrases above tilings: to refer, for example, to the principle 
of the conservation of energy for an explanation of tbo persistent rotation 
of a fly-wheel, almost in the stylo of the doctor in ‘Le TMalacle Imaginaire,’ 
who explains tlic fact that opium sends you to sleep by its soporific 
virtue* "Maxwell’s endeavour was always to l<ec}) the facts in tlio fore¬ 
ground, and to his influence, in conjunction with that of Tlioinson and 
Helmholtz:, is largely duo that elimination of unnecessary hypothesis 
which is one of the distinguishing characteristics of the science of the 
present day* 

In speaking unfavourably of superfluous hypothesis, let me not be 
misunderstood. Science is nothing without generalisations. Detached 
and ill-assorted facts are only raw material, and in the absence of a 
theoretical solvent, have but little nutritive value. At tlio present time 
and in some departments, the accumulation of material is so rapid that 
there is danger of indigestion. By a fiction as remarkable as any to be 
found in law, what has once been published, even though it bo in the 
Russian language, is usually spoken of as ‘ known,’ and it is often for¬ 
gotten that the rediscovery in the library may be a more difixcult and 
uncertain process than the first discovery in the laboratory. In this 
matter we are greatly dependent upon annual reports and abstracts, 
issued principally in Germany, without which the search for the dis¬ 
coveries of a little-known author would be well-nigh hopeless. Much 
useful work has been done in this direction in connection with our 
Association. Such critical reports as those upon Hydro-dynamics, upon 
Tides, and upon Spectroscopy, guide the investigator to the points most 
requiring attention, and in discussing past achievements contribute in 
no small degree to future progress. But though good work has been 
done, much yet remains to do. • 

If, as is sometimes supposed, science consisted in nothing but the 
laborious accumulation of facts, it would soon come to a stand-still, 
omshod, as it were, under its own weight. The suggestion of a now 
idea, or the detection of a law, supersedes much that had proviously heon 
a burden upon the memory, and by introducing order and cohox^once 
facilitates the retention of the remainder in an available foinu. TIioso 
who are acquainted with the writings of the older electricians will under¬ 
stand my meaning when I instance the discovery of Ohm’s law as a step 
by which the science was rendered easier to understand and to remerxjbor. 
Two processes arc thus at wox'k side by side, the reception of new 
material and the digestion and assimilation of the old; and as both are 
essential, we may spare ourselves the discussion of their relative impor¬ 
tance* One remark, however, should be made. The work which deserves, 
but I am afraid does not always receive, the most credit is that in which 
discovery and explanation go hand in hand, in which not only are new 
facts presentedl, but their relation to old ones is pointed out. 

In making oneself acquainted with what has been done in any subject, 
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it is good policy to consult first the winters of highest general reputation. 
Although in scientific matters we should aim at independent judgment, 
and not rely too much upon authority, it remains true that a good deal 
must often be taken upon trust. Occasionally an observation is so simple 
and easily repeated, that it scarcely matters from whom it proceeds ; Wt 
as a rule it can hardly carry full weight when put forward by a novice 
whose care and judgment there has been no opportunity of testing, and 
whose irresponsibility may tempt him to Hake shots,' as it is called. 
Those who have had experience in accurate work know how easy it would 
be to save time and trouble by omitting precautions and passing over 
discrepancies, and yet, even without‘dishonest intention, to convey the 
impression of conscientious attention to details. Although the most 
careful and experienced cannot hope to escape occasional mistakes, the 
effective value of this kind of work depends much upon the reputation of 
the individual responsible for it. 

In estimating the present position and prospects of experimental 
science, there is good ground for encouragement. The multiplication of 
laboratories gives to the younger generation opportunities such as have 
never existed before, and which excite the envy of those who have had to 
learn in middle life much that now forms part of an undergraduate course. 
As to the management of such institutions there is room for a healthy 
difference of opinion. For many kinds of original work, especially in 
connection with accurate measurement, there is need of expensive 
apparatus; and it is often difficult to persuade a student to do his best 
with imperfect appliances when he knows that by other me&us a better 
result could be attained with greater facility. Nevertheless it seems 
to mo important to discourage too great reliance upon the instrument 
maker. Much of the best original work has been done with the homeliest 
appliances; and the endeavour to turn to the best account the means 
that may he at hand develops ingenuity and resource more than the most 
elaborate determinations with ready-made instruments. There is danger 
otherwise that the experimental education of a plodding student should 
be too mechanical and artificial, so that he is puzzled by &mall changes of 
apparatus much as many school-boys are puzzled by a transposition of 
the letters in a diagram of Euclid. 

From the general spread of a more scientific education, we are war¬ 
ranted in expecting important results. Just as there are some brilliant 
literary men with an inability, or at least a distaste practically amounting 
to inability, for scientific ideas, so there are a few with scientific tastes 
whose imaginations are never touched by merely literary studies, To 
save these from intellectual stagnation during several important years of 
their lives is something gained; but the thorough-going advocates of 
scientific education aim at much more. To them it appears strange, and 
almost monstrous, that the dead languages should hold the place they, do 
in general education; and it can hardly be denied that their supremac^y is 
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the result of routine rather than of argument. I do not, myself, take up 
the extreme position, I doubt whether an exclusively scientific training 
would be satisfactory; and where there is plenty of time and a literary 
aptitude I can believe that Latin and Greek may make a good foundation. 
But it is useless to discuss the question upon the supposition that tins 
majority of boys attain either to a knowledge of the languages or to an 
appreciation of the writings of the ancient authors. The contrary in 
notoriously the truth; and the defenders of the existing system usually 
take their stand upon the excellence of its discipline. From this point of 
view there is something to be said. The laziest boy must exert himself 
a little in puzzling out a sentence with grammar and dictionary, while 
instruction and supervision are easy to organivso and not too costly. But 
when the case is stated plainly, few will agree that wo can aiford so 
entirely to disregard results. In after life the intellectual energies ar<^ 
usually engrossed with business, and no further opportunity is found 
for attacking the difficulties which block the gateways of knowledge. 
Mathematics, especially, if not learned young, are likely to roxnjiin 
unlearned. I will not further insist upon the educational importance of 
mathematics and science, because with respect to them I shall probably 
be supposed to be prejudiced. But of modern languages I am ignorant 
enough to give value to my advocacy. I bolievo that French and German, 
if properly taught, which I admit they rarely are at presexxt, would go 
far to replace Latin and Greek from a disciplinary point of view, while 
the actual value of the acquisition would, in the majority of cases, be 
incomparably greater. In half the time usually devoted, without success, 
to the classical languages, most boys could acquire a really serviceable 
knowledge of French and German, History and tlio serious study of 
English literature, now shamefully neglected, would also find a place in 
such a scheme. 

There is one objection often felt to a modeimised education, as to 
which a word may riot bo without use. Many excellent people arc afraid 
of science as tending towards materialism. That such apprehouHion 
should exist is not sinq)rising, for unfortunately there are writers, sptjak*. 
ing in the name of science, who have sot themselves to foster it. Jt m 
true that among scientific men, as in other classes, crude views arc^ to be 
met with as to the deeper things of Hateo; but that the life-long fioliefs 
of Hewton, of Faraday, and of Maxwell arc inconsistent with, iho 
scientific habit of mind, is surely a proposition which I need not pause to 
refute. It would be easy, however, to lay too much stress upon the 
opinions of even such distinguished workers as these. Men, who devote 
their lives to investigation, cultivate a love of trutU for its own sake, and. 
endeavour instinctively to clear up, and not, as is too often the object in 
business and politics, to obscure a diflBoult question. So far the opinion 
of a scientific worker may have a special value; but I do not think that 
he has a claim, superior to that of other educated men, to assume the 
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attitude of a prophet. In his heart he knows that underneath the 
theories that he constructs there lie contradictions which he cannot recon¬ 
cile. The higher mysteries of being, if penetrable at all by human intel¬ 
lect, require other weapons than those of calculation and experiment. 

Without encroaching upon grounds appertaining to the theologian 
and the philosopher, the domain of natural science is surely broad enough 
to satisfy the wildest ambition of its devotees. In other departments of 
human life and interest, true progress is rather an article of faith than a 
rational belief; but in science a retrograde movement is, from the nature 
of the case, almost impossible. Increasing knowledge brings with it in¬ 
creasing power, and great as are the triumphs of the present century, we 
may well believe that they are hut a foretaste of what discovery and 
invention have yet in store for mankind. Encouraged by the thought 
that our labours cannot be thrown away, let us redouble our efforts in the 
noble struggle. In the Old World and in the New, recruits must be 
enlisted to fill the place of those whose work is done. Happy should I 
he if, through this visit of the Association, or by any words of mine, a 
larger measure of the youthful activity of the West could he drawn into 
this service. The work may he hard, and the discipline severe; but the 
interest never fails, and great is the privilege of achievement. 
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Report of the Gommittee^ consisting of Bir William Thomsoisl Pro¬ 
fessor A. W. Williamson, Mr. W. H. Pheece, Mr. BxVELow, and 
]\Ir. J. M. Thomson {Secretari/), appointed to consider and advise 
on the best means for ftciliiating the adoption of the Metric 
System of Weights and Measures in Great Britain. 

Youe Committee liave Iield several meetings during the past year. 

They wish to take this opportunity of expressing their very deep 
regret at the loss which the Committee has sustained in the death of 
their colleague, Sir William Siemens, P.R.S., since the last meeting of 
the British Association. Sir William Siemens had taken a very pro¬ 
minent part in the formation of this Committee, and had himself under¬ 
taken personally much of the business of the Committee, and his 
colleagues further regret that his sudden and unexpected death has 
prevented them hearing from him more particulars of the results of the 
inquiries which he had undertaken to make. 

Tour Committee have been in correspondence with the Board of Trade 
on the subject of the introduction and wider employment of the metric 
system in Great Britain; but the answer received has not been so favour¬ 
able to the general adoption of the system as they could have wished. 

After due consideration, your Committee determined to memorialise 
Her Majesty’s G-overnmont on tho subject, and endeavour to induce the 
English Government to become mombors of tho ^ Bureau International 
des Poids et Mesitres.’ 

Understanding that tho Royal Society had already entered upon 
negotiations with the Government, and wishing to proceed upon the 
same grounds, your Oommittoe put themselves in communication with the 
Society. 

IVom the Royal Society your Oommitiee learn that the former has 
been, and is still, in communication with the Secretary of the Treasury, 
and that the chief difficulties in the way of the Government joining the 
Bureau are (1) the expense, especially the arrears of payment, and (2) 
the question of being able to contribute to the Bureau without joining 
the Metric Convention, Her Majesty’s Government—they are given to 
understand—regarding this latter step as committing this country to the 
metric system, which they are unwilling to do, as being opposed, in their 
, judgment, to the public opinion of the country. 
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On receipt of this information from the Royal Society your Com¬ 
mittee, iahittg into con si deration, not only the late period of the present 
Session of Parliament, but also the short time that remains before the 
dissolution of the present Parliament, bavo (letoiniiinccl that it will bo 
more advantageous to dolor approaching Govcnimcnt on tho subject till a 
later period. 

Your Committee still wish to hold tho matter under furthei' considera¬ 
tion, and they tborefoYe ask that tho Committee bo reappointed without a 
grant of money. 

Kotb.—S ince the above Report was drafted tho Government have 
agreed to join the ‘ Biu’cau International des Poids et Mesures ^ 


Report of the Committee^ consisting of Professor Balfour StkwarT’ 
{Secretary)^ Professor Stores, Mr. G. Johnstone Stonby, Professor 
Sir H. E. Eoscoe, Professor Schuster, Captain Abney, and Mr. G. J. 
Symons, appointed for the purpose of considering the best methods 
of recording the direct intensity of Solar Radiation. 

This Committee, acting on a suggestion made by General Stracliey, Imvft 
chiefly devoted their attention to the subject of a self-recording actino- 
meter. 

The self-recording actinometer of Mr. Winstanley would not bo 
suitable,^ because it is influenced by radiation from all quarters. Othor* 
aotinometers require manipulation on the part of the observer which would 
make it almost impossible to make them self-recording. It was suggested 
by Professor Balfour Stewart that a modification of liis actinometer might 
be adapted to self-i’egistration by taking for the quantity to he observed, 
not the rise of temperaturo of the enclosed thermometer after exposure for 
a given time, but the excess of its temperature when continuously exposed 
over the tomporaturo of the envelope. After making some calculations 
as to the behaviour of such an instrument, Professor Stokes came to tho 
following conclusions: 

(1) The enclosure should be of such a natm'o as to change h.s tom¬ 
poraturo very slowly, and of such a material that tlm various portions of 
tho interior should be at tho same moment of tho same uiiiforin tempera¬ 
ture. For this purpose an arrangement somewhat siinilar to that risod in 
Prof. Stewart’s aoiinometor is suggested ; the outside to consist of polished 
metallic plates, then a layer of some non-conducting substance, such ns- 
felt, then a thick copper interior which need not bo polished. Into this* 
copper is to be inserted a thermometer which will give the tomporaturo 
of the copper interior from moment to moment. 

(2) In the middle of the on closure is to bo placed tho thermometer, 
upon which the heat of the sun is made to fall by nioauB of a hole in the 
enclosure, either with or without a lens. This themometer should be so 

* ‘This is the case at present, bat there would not bo any great difficulty in 
modifying it so as to act as required. It is quite a matter worth consideration, 
whether a diterential air-thermometer would not be very suitahle, one bulb silvered 
and the other blackened or of green glass, as I suggested to thci Moteorologii'al (joundl 
some years back. By this means only one reading would be uecessary, whilst in the- 
plajr suggested two would have to be recorded, and tho mcasnrementB w<mld bft 
more difficult.^ (Me ht/ (ktj^tain Ahney.') 
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constructed as to be readily susceptible of solar influences. It is proposed 
to make it of green glass (a good absorber and radiator), and to give it 

a flattened surface in tbe direction perpendicular to tbe light from tbe hole. 

Such an instrument should be so adjusted as to receive the sun’s light 
continuously through the hole, and the objects of record would be the 
simultaneous heights of the two thermometers, the one giving the tem¬ 
perature of the enclosure, and the other of the central thermometer. There 
are two conceivable methods by which the necessary adjustment with 
regard to the sun’s light might be secured, namely, (a) the enclosure 
might be subject to an equatorial motion so as to follow the sun, or (/3) 
the enclosure might be kept at rest and the solar rays kept upon the hole 
by a hellos tat. Captain Abney is of opinion that the latter arrangement 
is, mechanically, much preferable to the former. 

As the direction of the earth’s axis may be chosen as that into which 
the sun’s light is to bo reflected, a heliostat of a very simple construction 
will suffice ; and as the angle of incidence on the mirror of such a heliostat 
changes only very slowly with the season, there is no difficulty in applying 
the small correction required for the change in the intensity of the reflected 
beat consequent on the change in the angle of incidence. It is assumed 
that the tnixTor of the heliostat is a speculum. 

It has beexi remarked by General Strachey that some such instrument 
as this now suggested, even if not made self-i*ecording, would have the 
advantage of giving an observation without the objectionable necessity of 
putting the light on for a given time and then shutting it off, operations 
only suitable for trained observers. We think that it would be desirable 
to construct an enclosure with its two thermometers such as herein 
recorded. In all probability the loan of a heliostat and of an actinometer 
might be obtained. By aid of the heliostat the sun’s light might be kept 
continuously upon the hole of the enclosure. The two thermometers 
would be read, and the results compared with the simultaneous reading 
of ail ordinary actinometer. By such means it is believed that the best 
method of constructing such an instimment and observing with it might 
be found. . 

Wo would therefore ask for a continuance of our Committee, with the 
sum of 30Z. to be placed at our disposal for the purpose herein specified. 


Report of the GomwMtee^ consisting of Professor G*. Carey Foster^ 
Bir William Thomson, Professor Ayrton, Professor J. Perry, 
Professor W. G. Adams, Lord Eayleigh, Professor Jenkin, Dr. 0. 
J. Lodge, Dr. John Hopkinson, Dr. A, Muirhead, Mr. W. H. 
Preece, Mr. Herbert Taylor, Professor Everett, Professor 
Schuster, Dr. J. A. Fleming, Professor G. F* Fit^igerald, Mr. E. 
T. Gla^ebeook {Secretary)) Professor Chrystal, Mr. H. Tomlin¬ 
son, aoid Professor W. Garnett, appointed for the purpose of 
Gonstructing and issuing practical Standards for use in Blec^ 
trical Measurements. 

The Committee report that daring the year the construction and testing 
of standards of electrical resistanoe has been proceeded with. The 
coils of 10, 100, 1,000, and 10,000 B.A. units, mentioned in the last 
Beport, have been compared with the standard unit coils. An account 
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of tlio comparison made by the Secretary and Mr. H. M. Elder, with a 
table of the values arrived at, is given in Appendix I. Eurtlicr ox- 
perlmonts on the temperature coefficients of thcHo coils are in [)rogn)ss. 
During the year, twelve coils have been coui])ared 'with tho B. A. 
standards, and certilicafces of their values issued by tho Socixdary. A 
Table of the values found is given in Appendix It. 

At tho Southport meeting of tho Association a grant w'as made fo 
defray the expense of procuring standards of resistauco iji terms <4* the 
ohm,’ At a meeting of the Committee held iu March, 1881, it was 
decided to defer the purchase of these till after tho meeting of tlu) Paris 
Congress, and a resolution was passed to the effoet that ‘In tho event of 
the Paris Congress adopting any definite standard of rosisfance, 
standards be ordered for the Committee in accordance with tha»t value,’ 

Tho Paris Congress adopted as a standard, to bo called the ‘legal 
ohm,’ the resistance at 0°C. of a column of a mercury lOG coniinu;l.rcs 
long, and one square millimetre in section. Tho standard resistances ai» 
present in use being B.A. units, it became necessary to assume a rehidieu 
between tho B.A. unit and the legal ohm, in order to construct coils whoso 
resistance should be one legal ohm. This relation lias been determined 
by various observers with slightly difficront results, and a meeting of tho 
Committee was held on June 28 to consider the ciuestion, At this meet¬ 
ing the following resolution, proposed by Professor W. (h Adams, 
seconded by Lord Rayleigh, was carried:—‘That, for tho purpose) of 
issuing practical standards of electrical resistance, tho number of B.A, 
units adopted as the resistance of a column of mercury 100 cm. in length, 
1 sq. mm, in section, at 0®0., bo *9540. 

Taking this number, then 

1 legal ohm=l‘0112 B.A. units. 

1 B.A. unit=s’9889 legal ohms. 

Coils having respectively a resistance 1, 10, 100, 1,000 and 10,000 
legal ohms have been ordered, two of each value, so that, by frequent 
comparison of one with the other, an accident to either may bo ehoekod. 
These standards are to have their correct values at tomporaturos neai* 
15° C. 

Tho two 1-ohm coils have boon sent by the makers, and tbeir testing 
is being proceeded with. When this is complete the Committee will be 
in a position to test and certify to the values of coils in terms of Bus 
legal ohm. 

They propose that tlio certificate should run as follows :— 

^TMs is to certify that tho resistance coil X bUvS boon tesietl by the 
Electrical Standard Committee, and that its value at a tomporatiiro of 
4^^ centigrade is P legal ohms. 

‘ It has been assumed, for the purposes of this comparison, that 1 legal 
ohm is equal to 1*0112 B.A. units/ 

The coils will be stamped with the monogram and a reforencc- 
;aumber. 

A portion of the grant has been expended in some additions to tho 
wire bridge belonging to the Committee, which have added greatly to its 
utility, while two thermometers for tho testing room have boon purchased. 

The Committee yirould ask, in conclusion, that they may bo reappointed, 
with the addition of the name of Mr. W. N. Shaw, in order to continue 
the work of issuing standards of resistance, 
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Appendix I. 

O 71 th> milavs of the B,A, standards of resistance greater than 1 B.A. mvit, 

Tlic coils of approximate value 10 B.A. units marked Elliott Bros., 
No. 6C) and No. 67, or ^ 20 and 21 respectively, were compared witk tlie 
B.A. standards by the method described in the last report,^ with the results 
gjiven in the followiiAg table : 


Mnrk ol' coil 

Date 

ynluc Ibiiiul ill TJ.A. IT, ! 

TeiupcratLirt' ' 

Elliuti No. OG 

July 5 

10‘OOG5 1 

iii°-i 

^ No. 20 

July 7 

l()-0043 i 

1 

is°-:i 

Elliott No, G7 

July 5 

lO'OOGO i 

10°’l 

^ No. 21 

July 7 

lO'OOin - 

1 

is°*;j 

Blliotl No. fiS 

J uly 2 1 

100*038 

1G“*7 

No. 22 

An<*ust 11 

100-11.3 

10°*0 

Elliott No. Cli 

July 24 

100*024 

u;®*7 

^ No. 23 

August U 

100-09T 

, L9°*9 

Elliott No. 70 

July 2G 

999'7f) 

l.j°\S 

^ No. 24 

August 11 

1000*78 

10°*0 

Elliott No. 71 

July 2() 

009*81 

]G°-8 

No. 2 -, 

August 11 

1000*79 

j 19°-0 

Elliotl. No. 72 

— 

— 

i 

:f^No.2(i 

Angnst U 

IOOOG‘2 

j T.r-8 

Elliott No. 7.3 

— 

— 


^ No. 27 

August 11 

IOOOG‘0 

j 19°-8 


The coils were immersed in the water bath, the temperatui^e of which 
remamed constant during each obseiwation, for some days before the 
measurements were made. 

The values thus found were used for the determination of the coils of 
higher resistance, the methods of the last report ^ being employed in this 
case also. The insulation of the varioris parts of the apparatus was tested 
carefully. Each result given in the table is the mean of two or more 
determinations at the same temperature. The readings of the thermo¬ 
meter used were compared with those of a standard instrument. 
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Appbndik II. 


Tahht (jiunrj iko rallies iif ilic Coils tiistnd for Lite Gimmittra in 18S;i-4. 


Mark of CoW 

OiTtilic.al c 
value 

Tciu|K‘rature 

Destination 

Kllioti Bros., No. 95 

cu n ^ 51 

•9093G 

1-003.^7 

13°-i) 

15® 

Vrof. Sidiart. 

CU(! 

r00237 

15°-5 

Prof. iS. 1\ 'I'honijisoYi. 

Wiirdon, 460 53 

•99920 

15° 

Mason Coll(‘g*c, lUmiingliant 

Klliott, 19 ^ 51 

•09937 

170*7 

Cn vcnrlish Laboratory, 

Klliott, 41 05 

■999511 

13®*8 

I\lnssrs. IClliott Brojs. 

Klliott, 56 50 

■99919 

130*8 

n 

Klliott, 113 

1 '00000 

p 

cb 

Prof. Adams, Iving’s Collogo, 

Simmons, 4 58 

1-00101 

100.9 

Mossns. Simmons. 

Klliott, !)2 ^ .59 

I'OOlOO 

180 

Ph iladoli >1 1 ia Exlubition. 

Klliott, 00 

1 •00007 

18°-1 


Klliott, 01 

10-0103 

190-8 

It 


Report of the Committee, cowisi'mg of Mr. liojjEJiT H. Soott 
{Secretary), Mr. J. Norman liOCKYEU, Professor G-. (r. Swkks, 
Professor Balfour 8tb\vart, (md Mr. (1. J. Symons, appointeA 
for the p'wipose of Go-operaMnt/ with the hleteorolot/ical Sockly of 
the MauritiuH in their propmed pvUiociiion of JCaily Synoplk 
Charts of the Iiidmi Ocean from the year 1861. Ovimm. np by 
Mr, Ji. H. Soo-rT. 

As no application has boon made for any portion of tho griuit placed at 
their disposal, tho Committeo ask that they may again lie ronppoiiited, 
ivith a oontiananoe of the grant. 

The present condition of tho proposed publication may bo loanietl 
from the following extract from a letter trom Dr. Meldram, dated 
Mauritius Observatory, July 9,1884:— 

‘Oar synoptic oliarts from January and March, 18G1, have been 
lithographed by Messrs. Johnston, so far as tho winds and weathers aro 
■ cottoemed, and all that is wanted to complete them aro the isobars. I 
regret that I have been unable to complete them for tho meeting. The 
tracks of the cyclones for the Indian Ocean for each year since 1845^ aro 
ready.’ 
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Second Report of ike Committee^ consisting of Professors G, H, 
Dakwin and 3. (J. Adamh, for the Hcwmonic Analysis of Tidal 
Observations, Drawn %ip by Professor Gr. H. Darwin. 

Dupjnu ilio past year Major Baird Las been engaged in tlie transformation 
of the tidal constants for the scv’eral Indian ports, as deduced from the 
observations of previous years, to the form recommended in our first 
report (1883). He also intends to treat the European tidal results, pub¬ 
lished in previous Reports of the Association, in the same manner. 
Under his superintendence auxiliary tables have been prepared and 
printed in India for the use of the computers ; a portion of these tables 
was given at the end of the Report of 1883. The current work at 
Poona is now being cai'ricd out in accordance with our suggestions. 
Forms have been prepared by Mr. Roberts for the reduction of the new 
compound tides MK, 2MIC, MN (see Schedule H., Report of 1883); but 
I have not lieard whether the range of any of these tides has been found 
to be sufficiently great to make it desirable that the reductions should be 
continued. The recommendations with regard to the tides M^ and L have 
not been yet sufficiently tested, but the procedure is certainly theoretically 
correct. 

An unexpected delay has occurred in the prepai’ation of the now 
forms for the tides of long period, but they arc to bo complete by the 
beginning of November. 

It has been found expedient to depart somewhat from the form 
recommended in Schedule R for the entry of the diurnal means from 
which these tides are reduced. The table is now divided into two parts; 
the rows marked ‘change’ are put together, and form the second half of 
the table. In the case of the tide MSf, to which Schedule R applies, 
the mode of the entry in the new forms will be thus. The values for 
days 0, 1, 2, 3, are entered from left to right in the first half; then, in 
the second half, entries 4, 5, 6, 7 are inserted from right to left, and 8, 9, 
10, 11 from left to right; then we ascend to the first half again, and 
enter two rows, namely, 12,13,14 from right to left, and 15, 16,17, 18 
from left to right, and so on alternately. In both halves of the table the 
positive entries are put to the left and the negative to the right. The 
•summations are carried out independently in the two halves, and the signs 
in the sums of the lower half are changed, before the final sums of both 
halves are formed. 

In the preface to the Report of 1883 the intention was expressed of 
sending copies of the computation forms to certain public libraries, and a 
grant of money was made by the Association for the purchase of these 
oopies. Complete copies have not, however, been as yet obtainable, on 
account of the delay in the preparation of the forms for the tides of long 
period. 

Up to the present time the forms have been privately printed for the 
Indian Government, and as they have not been on sale, this method of 
harmonic analysis has been inaccessible to the public. To meet this want 
I have been making arrangements for producing an edition for sale. In 
the course of a month or two the copies will be on sale,^ at a price nots 
yet determined on, I have received much assistance towards the ex- 

* By the Cambridge Scientific Instrument Company, St. Tibbs* Bow, Cambridge. 
1884 n 
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ponses of publication, and tborefore tbe pwee will be considorably loss 
than that which would pay for the printing. The printers for the India 
OiHco still had about fifteen pages in type, and poi*rai«sion was obtained 
thi'ough General Strachoy to have copies struck olF irom these and from 
the shoots o£ the long period forms as they wore ready. IMio remaining 
eighty pages of tAio work have been copied by photo-zincograpliy at the 
olHce of the Ordnance Survey at Southampton. j\'Ir. liobcn'ts kindly 
corrected a few errata with the pen before sending the; originals to be 
photographed. I have to thank the ofTicors of tlio Eoyal Enginetu's in 
charge, and especially Major Bolland, E.E., for the attention which wa,s 
bestowed on the matter. 

It was through the exertions of General Btracliey that permission 
w^as obtained to have this work done at Southampton; and in consequence 
of a correspondence between the India Office, the Board of Works, and 
the Treasury this part of the work has been done free of charge, on the 
condition of my supplying a certain number of copies to the Admiralty. 
I am also assisted in the publication by a grant from the fund admini¬ 
stered by the Royal Society. 

It is to be regretted that notwithstanding this requisition for compu¬ 
tation forms it appears that the Admiralty is satisfied with the old method 
of tidal reduction, and has no intention of making any contribution to 
our tidal knowledge by instituting harmonic analysis of tidal records. 

Br, 0. Bdrgen, of Wilhelmshavon, informs mo, in a letter, that the 
tides of the North German Sea are now being reduced according to the 
harmonic method, presumably for the Imperial Admiralty, and ho writers 
* It is intended to publish the results for the Gorman coast in exactly the 
same manner as you propose for the English, so that they may bo strictly 
comparable. The calculation for Heligoland, 1882, is begun and will bo 
completed in about a month or so (from the end of Juno 1884).’ 

1 learn from M. Bouquet de la Gryo, of the Bureau clcs Longitudes, 
that he has been engaged for some time past in the reduction of a largo 
mass of tidal observations according to an harmonic method devised by 
himself, and that the work approaches completion. 

Mr. Ncison, now in charge of the Natal Observatory, expvosst^H his 
intention of reducing the tidal observations at Natal according io our 
methods, and I sliall supply him with computation forms. 

Mr. Gil], Astronomer lioyal at the Cfipo, will also inuhnlnko iht» 
reduction of iho tides of tho Cape Colony, and will be supplied with 
forms* 

There seems to bo a possibility that some of the Australian Colonics 
may be induced to take up the matter. 

Major Baird will probably undertake to draw u]) a manual of praciieal 
instructions for the erection of continuous tide-gauges, atid the priudAcal 
experience of one who has supervised so much work ol‘ tlio kind will prove 
of great value. 

The fate of tho tide-ga.uge erected by tho Portuguese GovcirimH'nt at 
Madeira affords a proof that it is not of much use to direct tl^o establish¬ 
ment of a tide gauge, unless tho work bo placed in the hands of seme one 
who has had experience in the matter. It is said that tho tube which 
was sunk into the sea from the Loo Bock at Madeira was open at tho 
bottom, and that the platinum wire attached to tho float was broken at 
once by the pumping up and down of the water. I believe that nothing 
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has been done to remedy this defect, and that the instrument has remained 
unused during several yeai-s. 

On the whole wo may congratulate ourselves on the amount of activity 
which is being displayed in the matter of tidal research, and we may 
hope that in a few years we shall be in possession of a large mass of tidal 
information, arranged in a form which will lend itself satisfactorily to 
theoretical examination* 

As we already have a considerable amount of data with regard to India, 
extending over several years, I have requested Major Baird to supply me 
with the values of mean water-mark for a series of years, and I am in 
hopes that an examination of these results will give us the amount of 
the nine teen-yearly tide, if not with great precision, at least with some 
degree of accuracy. The result will be of much interest for the purpose 
of evaluating the degree of elastic yielding of the earth^s figure. 

A few errata have been detected in the Heport of 1883, but only one 
of them has any importance, viz., that in Schedule [I], as noted below. 
The corrections to be made are as follows:— 

1. First of (40), for ^.ead B. 

2. First of (43) and second of (44), multiply the expressions on the 
right by 

3. First of (50), multiply the numerator by 

4. Schedule [I], entries K 2 , K 2 , third column, multiply the numera¬ 
tors 1*46407 by A This important error arises from the mistakes (2) 
and (3). 

5. After (67), in the next transformation, the which occur before 

(Ii + Iq)1 and be deleted; the subsequent analysis is- 

correct. 


Report of the GommiMeej consisting of Professor Balfour Stewart 
{Secretary), Mr. Knox Laughton, Mr. Gr. J. Symons^ Mr. E. H. 
Scott, mid Mr. Johnstone Stoney, appointed for the purpose of 
co-operating ivith Mr. E. J. Lowe in his project of establishing 
a Meteorological Observatory near Chepstow on a permanent and 
scientific basis, 

Mr. B. H. Scott and Professor Balfour Stewart have been in corre¬ 
spondence with'Mr, Lowe, and the former has seen the site of the 
proposed observatory, which appears to him to he good. Professor 
Stewart purposes visiting the site at the end of July, and reporting the 
result of his visit to the other members of the Committee. Meanwhile it 
is proposed that the Committee he reappointed, with power to add to 
their number, hut without any further sum beinej placed at their 
disposal. 
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Report of the Comittittee^ consisting of Professor Crt’M I#nowN 
(Secretary) and Messrs. 1), Milne Home, John AfuuKAY, (wd 
Alexander IUjcuan, appointed for the purpose of eO’^operafhtg 
ivith the Directors of the Ben Nevis Observatory in maliag 
Meteorological Observations on Ben Nevis. 

A GRANT of 50Z. "was made to the Committee by the British Association 
in 188B to aid the Directors of the Ben Nevis Observatory in making 
meteorological observations on Ben Nevis during the summer months ol 
1883. The observations were in continuance of those made by Mr. Wragge 
in 1881 and 1882. As Mr. Wragge was nnablo to make the observations 
in 1883, owing to a contemplated visit to Australia early in tlio autumn, 
the observations wore made by Messrs. Whyte and Eankin, who had been 
assistants to Mr. Wragge in 1881 and 1882. The observations began 
on June 1, and were continued to October 31, 1883, with scrupulous 
regularity and accuracy. 

The observations included two series at The Lake (1,840 feet high), 
one on ascending and the other on descending the mountain, and fivo on 
the top, at 8, 8.30, 9, 9,30, and at 10 a.m. ; and, with these, simultaneous 
observations near sea-level at Port William, to which one series was 
added on starting for the mountain at 4 a.m., and another on returning 
at 2 p.M. 

In the meantime the building of the permanent observatory was 
pushed forward with such success that the observatory was formally 
opened on October l7tlL Shortly thereafter Mr. R. T. Omond, superin¬ 
tendent, and Messrs. Rankin and Duncan, the assistants, went into 
residence, and the regular observations began in the end of Novombor. 
These consist of hourly eye-observations by night as well as by day* Tbo 
Committee have much gratification in reporting that from November to 
..the present date (July 25), the barometric observations have been made 
without the break of a single hour, and, since May 7, all the observations 
.have boon made without intermission. The omissions of the thormomotric 
and other outside observations were mostly in winter and during the 
night, when the stormy state of the weather rendered it unsafo to ventnro 
•'Out* Not unfrequontly the observations were made by two of the 
observers, and sometimes all the three, roped together for safety* Tlus 
Directors are making arrangomonts, by additions to the buildings and 
the introduction of new instruments, to secure, for tbo future, a more 
continuous record. 

In connection with the Ben Nevis observations, Mr. Colin Livingstone 
makes eye-ohservations at Fort William at 8 and 9 a,m,, 2, 6, 9, and 
10 P.M., these being the hours at which observations are ohiofiy made in 
the British Islands. Mr. Livingstone is also furnished with a barograph 
•and a thermograph, by which extremely valuable data havo been contri¬ 
buted, Normals for temperature and atmospheric pressure at Bon Nevis 
Observatory have been calculated from the simulianeous observations 
made there and at the sea-level station at Fort William for five monthB 
for each of the years 1881, 1882, and 1883, from June to October, and 
seven months, from December 1883 to Juno 1884. 
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The following Table gives the normal monthly temperature and 
pressnre at sea-level at Fort William, taken from Mr. Buchan’s ‘ Papers 
on the Climate of the British Islands ’ (‘ Journal of Scottish Meteoro. 
logical Society,’ vol. vi. pp. 4-40), and the calculated normals for the 
Ben l!^'evis Observatory:— 


Mean tomperaturo 

Jan. 

Fob, 

Mar. 

Apr. 

May 1 

June 

1 July 

Au.!?. 1 

Sopt. 

Oct, 

Nov. 

Dec. 

Year 


. 0 

0 

o 

o 

o . 

o 








Port 'William . . 
BeiiNevia Obser- 

38?) 

38*9 

41*0 

45 5 

49*8 

55*7 

57*8 

57*0 

rj2*8 

47*5 

41^2 

39*8 

47*2 

vatory.... 

23-2 

22'0 

23*4 

27*5 

32*7 ! 

38*7 

41*3 

41*1 

37*4 


26*2 

24*9 

30*9 

Moan rressiirc— 

ins. 

I 

ins. 

ins. 

ins. 

1 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

Fort William . . 
Ben Nevis Obser¬ 

29*747 

29*814 

29*800 

29*878 

29*931 

29*914 

*20 884 

29 855 

21)*82i 

29*780 

29*S4( 

29*793 

29*838 

vatory. ... 

25*111 

25*194 

35*196 

25*296 

25*38(1 

25*41i 

•25*400 

25373 

25*314 

25*241 

33*289 

•25*189 

25*281 


These normals for pressure at the Ben hTevis Observatory have been 
arrived at from a table of corrections for the height (4,406 feet) which 
has been prepared directly from observations of the High and the Low 
Level Stations, the observations at the latter being reduced to sea-level. 
The approximate corrections have been calculated for each tenth of an 
inch of the sea-lovel pressui’e, and for each degree Fahr. of the mean 
temperature of the stratum of air from sea-level to the top of the 
mountain. The arithmetical moan of the temperatures at the base and 
the top has been assumed as the mean temperature of the intervening 
stratum. 

The results of these observations will shortly be published, in detail,, 
in the ‘Journal of the Scottish Meteorological Society.’ Thereafter a 
more complete examination of the observations at both stations will he 
I’esumed, and comparisons made of the two sets of observations, more 
especially as regards the relations of the varying results to the changes- 
of weather which have px’oceded, accompanied, and followed them. 


Report of the Commiitee, consisting of Mr, James N*. Shoolbred^ 
(Secretary) and Sir William Thomson^ appointed for the pur^ 
pose of reducing and tabulating the Tidal Observations in the 
English Channel made voith the Dover Tide-gauge^ and of 
connecting them %vith Observations made on the French coast 

Tee Committee beg leave to report that the tidal curves of the self-register- 
ing tide-gauge at Dover for the years 1880, 1881, 1882, and 1883 have' 
been kindly placed at their disposal by the Board of Trade, for reduction 
and tabulation; and that the Belgian Government has been good 
enough to present to the Committee copies of the tidal curves at Ostend 
during the same period of four years- 

The reduction and tabulation of the high and low water registers of 
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tlicse two sets of tidal curves lias progressed saiisfitctorily, and will be 
siortly completed. 

It is hoped also that a like reduction will bo soon conitnonctHi with 
other self-registering tidal curves during tho same period at sev^U'al oiln'r 
points, both on tho English and tho French coasts. 

The Committee request to bo allowed to transmit to the Board of 
Trade, and to the Belgian Government respectively, tlio thanks of iln^ 
Association for thoir assistance and donations in furtherance of‘ this 
inquiry. 

The Committee request to be reappointed, with a grant of ton pounds 
to defray the expenses of reduction, Ac. 


Fo'wHlh Report of th,e GommitCee^ eovHhst 'un/ of 'Professor ScncsTKit 
{Secretary)^ Sir William Tiiomsox, Professor Sir H* E. KosiooL, 
Professor A. S Captain W, m W. Abnky^ Mr. li. H. 

ScoTTj and Dr. J. IL QhAmrom^ (fppointed for tke purpone of 
investigating the pvadicabUiiy of collecting and idmtifyhoj 
Meteoric Dmt, and of considering the qimlion of iindertaling 
regular ohservatiom in various localities. 

Dubing the past year a grant of 20L has been spent in constructing a» 
new instrument for collr-oting continuously any cosmic dust, volcfinic 
dust, or other impurities mechanically suspended in tho atmosphere. Tho 
essential part of the instrument consists in a series of lilters of tine 
platinum wires thi'ough which the air is continuously drawn by an 
aspii'ator. 

This instrument is being experimented with at tho Marino Kiet.irni for 
Sexontifio Eesearch at Qi'aiiton, and a complete dcsctijiiion of tho inslru- 
ment and dust collected will bo given in next year’s Eoport. Largo 
carboys furnished with glass liliors, fourtcom ixichos in diaTuottsr, hav© boon 
arranged for (iollocting the dust earned down by rain on tho top of' Ben 
Kovis, Lord MiicLaron’s residenco in Eossshiro, Inch Mickry in hlxo Ifirih 
of Forth, and at tho Scottish Marino Station. 

Tho dust from theso ditferont points and elevations will bo carefully 
compared with that collected by tho now instrument, by Messrs. Murray 
and Eenard and by mombers of the Committee. 

A full report will bo furnished to tho next meeting, 

T^he Committee also consider it to be of groat iraportanco to collect 
dust on the island of Bermuda and on another coral islxind in tho Pacifio> 
Say Longalubon, and hope to obtain a sufficient grant of money to enable 
them to carry out their intention. 
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Second Report of the Committee^ consisting of Professors William- 
DkwaKj Fuankland, Eoscoe, Chum Biiow]S'j Odling, and 
Armsthong, INIessrs, A. Q. Vernon Harcoukt, J. Millar Thom- 
i^ON, H. B. I)ixoN {Secretavi}\ and V. H. Veley, and Drs. F. R. 
Japp and 11. Forsitj^ Morley, reappointed for the purpose of 
drawing %ip a siatemeiU of the varieties of Chemical Names which 
have come into nse^for indicating the causes which have led to 
their adoption^ and for considering luhat can be clone to bring 
about some convergence of the views on Ghemiccd Nomenclature 
obtaining amorg English and foreign chemists^ 

CHEMICAL NOMEXCLATUEE. 

Historical Notes. 

Up io about tlio year 1780 no systematic attempts were made to give to 
chemical substances names in any way indicating their composition. 
The names used were derived for the most part in three ways: either 
they were relics of the nomenclature of the alchemists, who named the 
common metals after the known planets; or the substances bore the name 
of their discoverer; or lastly, chemists, adopting, as Dumas said, the 
language of the kitchen, gave names to substances on account of slight 
external resemblances with bodies in common use— e.g* oil of vitriol, 
butter of antimony, milk of lime, and cream of tartar, Lavoisier ascribes 
to Macquer the credit of being the first to classify substances under 
generic names, by introducing the terms vitriol and nitre, to indicate the 
classes of sulphates and nitrates respectively* 

The term salt was applied in the writings of the alchemists to any 
substance which could be dissolved in water, and which affected the sense 
•of taste. So bodies as different in nature as sal-ammoniac, sal-petra?, 
a^nd sal-nitricum (ITNO 3 ) came to be classed together. In the eighteenth 
century the three most distinctly marked classes of soluble substances— 
namely, those which are now commonly called acids, salts, and bases—^were 
distinguished as salia acida, salia media, aiad salia alkalina. The salia 
media were also known as salia salsa or neutral salts, a name which sur¬ 
vived long after the separation of the acids and alkalies from the salts. 

The foundation of the present ideas as to salts is to bo found in two 
papers presented to the French Academy in 17*14 and 1754, by G. F, 
Eouelle. Ho excludes the alkalies and acids from the class of salts and 
defines a neutral salt as the product of the action of an acid on any body 
which can act as a base. This is the first definition of a salt based on its 
chemical properties. 

The first complete attempt to devise a system of inorganic nomen¬ 
clature was made in 1782, simultaneously and independently by Bergmann ^ 
and Guyton de Morveau/*^ The names proposed by the two are nearly 
identical, and resemble to some extent the names still in use. De Mor- 
veau lays down five principles to be observed in the choice of names for 
chemical substances:— 

1. A phrase is not a name : the name * Talkali Prussien ’ is therefore 

' Bergmann, Ohfserv. de SgsteynaU FesdUum Natumli. 

Jotmial de Phynguct April, 1782; also as Cit, Guyton, Chvm* voh 

XXV.p. 2da. [1798.] 
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to be prefeiTed to fclie other name in vogue at that time—viz,, * liqnerir 
alkaline satnrce do la matiere oolorante da bleu de Prusse.* 

2 . The name should be as far as possible in real correspondonco with 
the object. As corollaries to this rule he lays down that wliere a name is 
made up of an adjective and a substantive the more esfiontial Jind unalter¬ 
able constituent should bear tlio substantive form; also Hint the* names of 
discoverers, since they stand in no essential connection svitli the bodies 
they discover, should find no place in the system. 

8 . If the constitution of a body is unknown, it is bettor io give it a 
name which conveys no meaning, than one which conveys a wrong one. 
Hence he prefers to call the body of unknown composition which we now 
know as potassium ferrocyanidc, ‘alkali Pnission,’ rather than * alkali 
phlogistique.’ 

4. In tho choice of new names it is advisable to derive them from 
roots in the best-known dead languages. 

5. Names must be adapted to the structure and nature of the difierent. 
languages in which they are to bo used. 

De Morveau applies these principles to the nomenelaturo of 474 sub¬ 
stances, belonging to the four classes, earths, alkalies, acids, and metals, 
and tho products of their union. In tho naming of salts ho forms words 
for all the acids known to him, on tho analogy of the terms vitriol and 
nitre introduced by Macquor, so that the salts BaSoj, CaOla, acetate of 
iron, are called respectively vitriol baroiique, muriate calcaire, and aceto 
martial. He also tries to fix one name for carbonic acid gas, and calls it 
acide mephitique, and its salts mephites. The principal advance which wo 
find in De Morveau is, then, that acids receive names with uniform 
terminations, and salts receive names indicating their being compositions, 
from acid and base. 

In 1787 Lavoisier audDe Morveau,^ with the assistance of Bcrthollefc 
and Pourcroy, prepared and laid before tho IVcnoh Academy a scheme of 
chemical nomenclature based on the dualistio hypothesis, and theii* 
proposals form the basis of tho nomenclature still in use. A system oi* 
nomenclature is necessarily bound up with a classification, of known 
substances, and so we find that Morveau and Lavoisier give a table of a,U 
the substances to which they assign definite names arranged according to 
their relationships one with another. The elements retain their ac¬ 
customed names, except that the names oxygon, hydrogen, and azote nro 
introduced. The term oxide is introduced for the first Brno, and oxides 
are looked on as substances in a state intermediate between the elonumi 
and its acid. Thus txioy call tho two oxides of arsenic oxide d^arHfmic 
(white arsenic) and acid arsaniqne; and the two known oxides of 
molybdenum, oxide do molybden© and acide molybdiquo. Tho corre¬ 
spondence of the terminations ‘-ate ’ and *.xc/ ‘-ito * and ‘-ous ’ in acids and 
salts is introduced for the first time. Tlio nomenclature of salts thus 
came to be nearly identical with that now used. In this classification tins- 
Prench chemists do not distinguish by generic names between higher and 
lower basic oxides. 

The views thus developed by Lavoisier and Morveau found acceptance 
all over Europe. Girrtannor translated the French names into German, 
and several English chemists, such as Dickson and Kirwan, Ohevenix and 
Thomson,^ adopted the system in its main outlines. AddiMons were made 

* Chwj/t translated by George Pearson, UA)* 1704 ; 2nd etl 1700# 

^ Bijstem of Chemistry^ eel. 1S02, 
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to ifc from time to time, sucli as that of Thomson,^ who distinguished the 
different metallic oxides as protoxides, dentoxides, &o, 

Berzelius ^ made a more exact classification of salts, and added some 
new forms of names. Ho laid down the rule that the names of the 
simplest compounds should he Formed by adding to the name of the one 
element the termination ‘ -ide ’ or ‘ -ure ;' to that of the other, the termi¬ 
nation ^ -eux * or ‘ -iqne,’ with tho further provision that the more 
electro-negative of the two constituents should have the substantive form. 
Instead of the terms protoxide, &c., he adds the terminations * -ous ’ and 
‘ -ic ’ to the name of the other constituent— e.g, ferrous oxide. Among 
the compounds of elements with oxygen he separated the compounds 
with electro-negative elements—tho acids—^from the other oxides, with¬ 
out thereby implying the existence of any fundamental difieronce befcw'een 
them. The halogen compounds of hydrogen he calls hydracids. In the 
investigation of salts he was the lii'st who made clearer distinction 
between nentral, acid, and basic salts; instead of those terms he used the 
terms supersalts and subsalts. 

From time to time systems of chemical nomenclature have been pro* 
posed which entirely discard the arbitrary names given oven to the best 
known substances, and introduce artificial words, each of whose vowels 
or consonants means either a substance or a number. Thus Gmelin ® pro¬ 
poses a system in which the different vowels and diphthongs represent the 
numbers from 1 to 9, and the elements arc described by monosyllables 
with tho vowel a, thus:—K = Pate, Mn = Ganno, &c. In combining 
the names of tho elements the vowel is altered according to the number of 
atoms of the olemont to be denoted. Thus, if 0 == Ane, and Fe Mart, 
then FegOs = Mortin, and Fe^Oj = Mirton. Laurent attempted a system 
of the same sort but found it unworkable. For organic substances New- 
lands ^ has devised a series of nam'os, some of which might he useful. 

Laurent ^ enters into an elaborate comparison of the qualities of the 
compounds of hydrogen, zinc, gold, silver, and platinum, and shows 
that in respect of crystalline structui'e, behaviour on heating, and power 
of entering into chemical combinations tho corresponding compounds 
of hydrogen and zinc— i,e. tho Jiydrogen salts and the zinc salts—show 
a closer analogy with each othoi'* than the zinc salt does with those of 
the other metals. Ho concludes that if hydrogen were not gaseous and 
its oxide were not volatile, no one would hesitate to place it among 
the metals. lie therefore looks on tho acids as belonging to the same 
chemical type as their salts, as being, in fact, hydrogen salts. Laurent 
proceeds further to show that thoro is no essential distinction to be drawn 
between acids and salts and oxides. Tho differences between hydrogen 
and other metallic salts aro as a rule not gi-eater than the differences 
between the salts of two such metals as platinum and potassium, or two 
such bodies as a chloride and a carbonate. The reactions of the hydrogen 
salts are not always moi'e energetic than those of the other metallic 
salts: thus, sulphate of hydrogen attacks metallic oxides just as the 
sulphates of gold and platinum do. The distinction which has been made 
between them is due to the non-metallio appearance of hydrogen, and the 

* Sgstimof Ghcnmtrg^ ed. 1801,1807, 1810, ko, ^ 

“ Journal do Physiqm, vol. Ixxxiii, p. ^03; also in Lelibruoltf der Cliemie. 

» JffdndhooJi, vol. vii, p. 140, 

< O/mi, NmSi 1861. 

* MetJwde do Ckemie, 
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readiness which it; can bo removed from a compotind in the ft)rni of 
water. Laurent thus concludes that oxides, hydrogen sails, and other 
salts may with perfect propriety bo classed together. 

A(nn AND Basic Salts. 

Bouclle was the first to call attention to the (‘act l^liat a given acid 
and base can combine in dillbrent proportions. JJe })»Tpar(‘d tlio salt 
now kno-wn as KHSO 4 from potassic snlphatc (tartre viiriole), and uu 
vestigated ii-s properties. He distinguished tln*ee clifierent classt‘S of salts* 

1 . He calls neutral salts with an excess or snperahnndanco of acid/ 
salts which, besides the amount of acid which makes thorn quite neutral, 
have an additional quantity of acid cowhmed with thorn, and ho knows 
that this excess of acid has its point of saturation, yuch salts, ho snys, 
are as a rule more soluble than the cori’osponding salts of his third class, 

2. What we call neutral salts he calls ‘ sels neutros parfaiis,^ or ‘ sols sales.^ 
ik The third salts he calls ^ neutral salts with the smallest possible 
quantity of acid.’ At first sight those classes seem to correspond with 
what we now call acid, neutral, and basic salts, hut ItDnello’B (examples 
show that this is not the case. The only acid salts which ho seems to 
have known is the hydric potassic sulphate wliich lio was the first to 
prepare, and he puts in the same class with it mercuric chloride and othoi* 
persalts, while calomel is given as the typical instance of a sndt with the 
smallest possible amount of acid. This confounding of hydrogen double 
salts with salts containing as largo an amount of acid as the base can 
saturate continued up to the end of the century. 

1787.—^In course of time, however, more salts of the two abnormal 
classes were discovered. In the‘Morvcau-Lavoiaier’namonelature, salts 
of the acid class were called acidulous salts, thus: KHSO.i=:sulphato 
potassique aoidule, while salts with an excess of the basic couvstitueuts 
were called alkaline, or supersaturated salts. Salts gcnei'ally ar(» (sailed 
neutral salts. These terms were translated directly into English iti 
Pearson’s translation of 1794. 

In an essay on ‘ Chemical Nomenclature,’ published in 179fi by 
Stephen Dickson, he proposes to denote the predominance of aciil njid 
base respectively by prefixing the prepositions ^ super-’ or ^ sub-’ to the 
adjoctivo the name of the acid. 

Thus:— 

KHSO.iassuporviti'iolated vegetable alkali. 

Cu^CLj^submuriated copper. 

1809. —In Murray’s ® System of Chemistry^ wo find that a disl.iuciion 
is at last made between the relation of K^SO^ to KHSO.j, and that of 
HgOlg to HgaCl^. Ho says that submuriato is not a good immo for ihlg 
last salt, as it contams enough acid to make it neutral. Ho ch)es not, 
however, propose a systematic name for this subslauco, but calls it mihl 
muriate of mercury. Similarly, ho rejects the name of siipoi^-sulphate o£ 
iron, and distinguishes the two sulphates as red and greon sulphates. 

1810. —In the fourth edition of Thomson’s treatise, we fnul yot 
another method of naming these salts. Thomson, following Lavoisier’s 
theory of oxygen acids, considers that the difference between calomel and 
corrosive sublimate is that in the latter the mercury is in a more highly 
oxidised condition. He therefore calls HgOlg oxymuriatc of mercury* 
This leads to a confusion with chlorate of mercury, then called by some 
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cliemists oxy-, by others hyperoxyimiriato. Thomson also calls 
mercuric nitrate, oxynitrate, and says that on adding hot water to it an 
insoluble subnitrate and a soluble supernitrato are formed, 

181L—In Klaproth and Wolff's ‘Dictionary of Chemistry’ (Trench 
trans.), wo find the names sulphate acido do potasse, sulphate de for 
oxidulc (=FoSOi); for the two potassium carbonates, the names carbonate 
sature and nonsa.ture. 

1811.—Berzelius ^ uses entirely distinct means of denoting the two 
classes of salts with which wo have been dealing. To mark the degree 
of oxidation of the base of a salt, he adds the termination -ous, or -ic, 
to the name of .the metal— e.cj, nitras mercnrosus and nitras niercuriciis., 
To denote the degree of acidity or basicity of a salt, he prefixes supor- 
or sub-, to the name denoting the acid. Tx'om his language, it seems 
as though he had invented this method independently. In the cases 
where more than one acid or basic salt is found, ho denotes the most acid 
salt by the adjective supremus, and tho most basic by infimus, c.y.— 

Superoxalas kalicus supremus. 

Subnitras plumbicus infimus. 

1829.—In his later works—e.//. in tho Trench edition of his Treatise, 
1829—ho makes a diffcrenco in tho nomenclature between haloid and 
ampliid salts. In the case of acid haloids, ho adds the woi"d acid to the 
name of the salt, c.y.— 

Tluorure potassique acide. 

Basic salts of this class are named thus:— 

Ohlorure plombiquo bibasique. 

„ „ tribasique, &c. 

In tho case of acid amphid salts, he drops the word acid, but pi'cflxes to 
the name of the acid a suffix indicating the number of acid molecules, 
ej;.~ 

Bisulphato sodique. 

Zweilaeh phosphoi’saures natron. 

Basic salts are named thus:— 

Sous-sulphate trialuminiquo. 

1827,—A somewhat similar system is adopted by Thonard.- He 
introduces into tho name of each salt tho Ml name (according to 
Thomson’s system) of the oxide supposed to exist in it, thus:— 

Sous-sulphate de dent oxide de mercure. 

All those attempts at naming acid salts were founded on a false idea 
of their composition, inasmuch as it was not known that hydrogen is a 
constituent of bisulphat© of potash. Thus in Turner’s ‘ Chemistry ’ we 
find the formula:— 

Sulphate of potassa, EO+SO 3 . 

Bisulphate „ KO+ 2 SO 3 . 


^ Journal de vol. Ixxii. p. 266. 

« TmUSf 5th ed, 1827. 
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Graham seems to have been the first to maintain that hydrogen existed 
in these salts otherwise than as watei' of crystallisation. 

1847.—It was Gcrhardt' who first clearly stated that tlu^ thr(;e sub¬ 
stances, liydric sulphate, hydro-potassic sulphate, and potassio sulphate, 
stand to one another in the relations represented by t-ho formula! II 
KHSO 4 I^ 2 SOi. lie called salts of the typo KySO.j, which correspond 
to acids formed by the direct combination of water with an ‘anhydride/ 
equisols; while for acids and basic salts ho used the old names, sur seln 
and sous-seis. 


TABLE I. 

In this table of the nomenclature of the oxides of carbon, it is seen that 
the names carbonic oxide and carbonic acid, Kohlenoxyd and Kohlensailre, 
oxide de cai'bon and acide carbonique, have been solely used by English, 
German, and French chemists for the two oxides of carboii from the time 
of their identification until twenty years ago. In Miller’s ‘ J^Jloinonts of 
Chemistry’ we find the term carbonic acid nsed in the two first editions, 
in the later editions the term carbonic anhydride is iuti^oduccd. In 
Fowncs’ Manual we find the term carbonic acid nsed from the fourth 
edition to the ninth ; in the tenth and eleventh editions wo find both the 
tex’ins carbonic dioxide and carbonic oxide applied to the higher oxide, 
and the terms carbon monoxide and carbonons oxide applied to the 
lower ; in the thirteenth edition wo find the terras carbonic anhydride and 
carbon dioxide applied to the In’gher, and carbonic oxide and cai’boii 
monoxide applied to tho lower. So that in different editions of the same 
manual we have the term carbonic oxide first applied to the lower, then to 
the higher, and again to the lower oxide. In Watts’s Dictionary (1863) 
the lower oxide is called carbonic oxide, the higher carbonic anhydride ; 
in the first Supplement (1872) the lower oxide is called mrhou monmilr 
and carhonous o^ide^ the higher oxide carhon and oarhonio anhjdrid(\ 

In France and Germany the terms oxide de carhon and Kohlenoxyd, 
acide carbonique and Kohlcnsaure, have continued to bo used almost 
universally to tho present day. Among English and American chemists 
oi' tho pi'esont day there is a diversity of practice: carbonic oxide and 
carbon monoxide being most generally nsed for tho lower oxide, and 
cwbonic acid, carbonic'anhydride, and carbon or carbonic dioxide for Iho 
higher. 

TABLE JI. 

In tho numcnclaiuro of tho oxides of nitrogen, wo find tho names (uhb 
imfe'tin and ouwh azotlqiie^ applied to the first and second oxides of nitro¬ 
gen by the French Oommittco in 1787, have been employed by many 
chemists to tho present day. In the first edition of Thomson’s ‘ Bysiem 
of Chemistry ’ (1802) w© find the terms nitrous and nitric oxide used; in 
a later edition (1817) he introduced tho terms protoxide of assoto ami 
deutoxido of azioto, calling tho third oxide hyponitrouB adi\ and tho fourth 
mtrous add. In Braude’s ‘ Manual ’ (1819) wo have the term nilfotw mkl 
given to tho third oxide, but most chemists adopted Thomson’s nomen¬ 
clature. In Berzelius (French edition, 1829) wo find gas oxide nitreux, 
gas oxide nitriqu© and acid© nitreux for tho three lower oxides, and tho 
term acide niiTOso nitrigue for the fourth. In Grahatn’s * Elements * (1842) 

* J 0 imwl (U Bhannacie^ vol. xii. p. i57- 
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we find the terras Injponihic add emd perodde of nitrogen applied to the 
fourth oxide, the otlier oxides being called nitrons and nitric oxides, nitrons 
and nitric acids. 

In the earlier edition of Fownes’ ^ Manna],’ the terms j)rotoxide and 
binoxide of nitrogen are applied to the lower oxides, nitrons acid to the 
third, hyponitric and nitric acids to the fourth and fifth. In the tenth 
edition the terras nitrogen mmodtle and dioxide are adopted for the two 
lower and iatroxtde for the fourth oxide; the terms nitrons oxide and nitro¬ 
gen trioxide are given to the third, and the terms nitric oxide and nitrogen 
pentoxide to the fifth. The terms nitrous and nitric oxides here applied 
to the fourth and fifth oxides had previously only been applied by chemists 
to the fii'st and second. 


TABLES III.-V. 

The older chemists were agreed in designating the two oxides of 
sulphur the sulphurous and the sulphuric acids respectively. In Fown.es’ 
‘Manual,’ ed. 18G3, the alternative names sulphur clu and trioxide are first 
introduced, which, among the later writers, have gradually superseded 
the former names. 

In a memoir in the ‘ Jahresbericht,’ 1842, Berzelius recommends the 
introduction of the names Di-, Tru and Tetrathionic acids. This nomen¬ 
clature has superseded the older names hyposulphuric, monosulphyposul- 
phuric, &c., acids, though some few of the later writers retain the term 
hyposulphuric acid. 

The discovery of the true hyposulplmrous acid by Sohiiizenherger 
caused the acid, hitherto known hj that name, to be designated thiosul^ 
jp7mno'aoid, as derived from sulphuric acid, by the replacement of one 
atom of oxygen by sulphur. Hydrosulphurous acid, the name originally 
proposed by Schiitzenberger for his acid, seems to be retained only by the 
French writers. 


TABLES YL-VIT. 

The oxides of chromium afford an instance of change of names owing 
to the discovery of another member of a series of compounds. Thus tbe 
green oxide of chromium was designated the protoxide, until the isolation 
of an oxide containing one atom of oxygen to one of the metal. The 
lattex" compound was then called the protoxide, while the name of the 
former was altered to sesquioxide. 

The potassium and lead salts of chromic acid afford a good example 
of the want of unamimity of nomenclature among the older writers in 
those cases in w^hich there are derived from one acid two salts, the one 
neutral, containing one equivalent of basic to one equivalent of acid oxide, 
the others containing an excess of either of the oxides. Thus the acid or 
red potassium chromate is called indifferently potassium di or Sichromate, 
but the former prefix is equally applied to the basic lead chromate. The 
later writers have avoided this confusion of prefixes by introducing the 
di or hi before the name of the acid or metal according as the salt con¬ 
tains excess of the acid or the basic oxide, respectively, thus 

Botassium dichromate, but (i^plumbic chromate. 
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TABLES VIIL-X. 

Prom ilie above tables ifc will be seen that many names bavc been uschI 
in more than one sense. Thns tlie tei*ms phosplioric aeicl, plK^spborotts 
acid, and bypophosphorous acid •wore formerly exelasively oni]i]oy<3(l io 
denote the oxides, but are now chiefly used to denote tlio liydrop^eti salts, 
Graham’s researches wore published in 18311, anti jmovious to this tlate 
chemists made no distinction between anhydrous and hy<li*atcd phosphtn'ic 
acid, but called one phosphoric acid, the other a solution of phosphoric 
acid ; hence, when it was necessary io explain the difrcroiices betweent 
ortho- and pyi'o-phosphatcs, ibis was done by ascribiup^ tliorn to diflercnces 
in the arrangement of atoms in the group P^Or,. When, therefore, the 
older cliomists speak of the dilferent varieties of phosphoric acid, it is the 
anhydrous acid that they moan. Per instance, Berzelius's a, and y 
phosphoric acids are all three regarded by him as anhydrous. Tlio term 
phosphoric oxide is applied to anhydx*ous pliospboritj acid in the editions 
of Fownos edited by Watts ; this tormwras formerly used to denote a sup¬ 
posed lower oxide of phosphorus, P 4 O. (Gmelin, edited by Watts, I-S-Mi), 

The term ‘neutral phosphate of soda’ has been applied both totrisodic 
phosphate and hydrodisodic phosphate, Dipliosphaio of soda has been 
applied to trisodic and hydrodisodic pliosphatos, and biphosphafo to 
dihydrosodic phosphate, so that the three phosphates have had almost 
identical names. 

The term ‘ acid phosphate of soda ’ has been applied to both hydro¬ 
disodic and dihydrosodic phosphates. 

The term ‘ phosphorchlorid ’ has been applied to both clilorides of 
phosphorus. (Of. Liebig and Poggendorff.) 

It appears that when a numerical prefix is employed, the number ought 
to be understood as multiplying the word to which it is prefixed and not 
some other word. This rule has often been violated: time trisodic phos¬ 
phate has been called ‘ triphosphate of soda,’ also ‘ diphosphate ol* soda ’ 
and ‘ sosquiphosphate of soda; ’ in all these cases the prefix is intended 
to indicate the number o£ niolooules of soda to one molecule of phosphoric 
acid. So Turner calls hydrodisodic phosphate and dihydrosodic phos- 
plxate, ‘triphosphate of soda and basic water’ and ‘acid triphosphate of 
soda and basic water ’ respoctivoly. 

It is to bo ohscu'ved, however, that in the older form of nomoncjlaturo 
ambiguity was avoided in the case of compounds containing double the 
usual, anxount of acid or of base by using tho prefix; 

bi- to multiply tlio acid, 
di- to multiply the base. 

Thus: 

!Nra 20 . 2 Si 02 , bisilicato of soda, 

2 N‘a 20 .Si 02 , disilicate of soda. 

Tho prefixes * tor-’ and ‘ tri-,’ ‘ quatei*-’ and ‘ tetra-’ might have been 
employed in the same way, ejj .:— 

3 Sra 20 . 3 Si 02 , tersilicato of soda. 

3 Ka 20 .Si 02 * trisilicato of soda. 

Ca 4 H(P 04 ) 3 , tetracalcic torphosphate. 

Ca 3 (P 04 ) 2 , calcic triphosphate. 

But satisfactory evidence that they were so used has not been found. 

(Continued on p. Ti,) 
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The employment of such terms as ‘ Phosphorsuperchloriir,’ ‘inter- 
mediiirer Chlorphosphor ’ for the trichloride, and the corresponding 

* Phosphorsuperchlorid,’ ‘ Ohlorphosphorsepim maximum * for the penta- 
chloride, is explained by the fact that a solution of phosphorus in the 
trichloride was formerly supposed to be a lower chloride of phosphorus, 
‘ Phosphorchlorur,’ ‘ Chlorphosphor im minimum.’ 

The following observations relate to the prevalence of certain names at 
different periods 

1. AnhydrO'its PhnsjAiowns Acid was formerly called phosphorous acid; it 
is now usually called phosphorous anhydride, and to a less extent phos¬ 
phorus trioxide. 

2. Hydnc Phosphite was called (when obtained from trichloride of 
phosphorus and water) a compound of phosphorous acid and water. 
From 1840 till 1800 it was called hydrate of phosphorous acid or hydrated 
phosphorous acid. It is now called phosphorous acid. The term hydric 
phosphite has been very seldom used. 

3. Anhydrous Phosphoric Acid was originally called phosphoric acid; it 
is now usually called phosphoric anhydride, and to a less extent phos¬ 
phorus pentoxide. The term anhydrous phosphoric acid has been fre- 
qacntly employed. 

4. Hydric Phosphate was called hydrate of phosphoric acid or hydrated 
phosphoric acid till 18G0 ; it is now called phosphoric acid. The term 
hydric phosphate has been seldom used. 

5. Trichloride of Phosphorus. —The terms protochloride of phosphorus 
and phosphorous chloride (or Phosphorclorur) were of equal prevalence 
till 1868, when the former expired. Trichloride of phosphorus is the 
name now chiefly used. 

6 . Similar remarks apply to pentaohloride of pltosplionis, except that the 
term perchloride of phosphorus has been more largely used than phos¬ 
phoric chloride, although it expired in 1868. 

TABLE XL 

In tliis table we find that the names ‘ chloride of copper,’ ‘ dichloride 
of copper,’ and ‘ protochloride of copper,’ have all been applied to the 
lower chloride, and the names ‘chlorid'e of copper,’ ‘ deutoohloride/ 

* bichloride,’ and ‘ protochloride of copper,’ have all been applied to the 
higher chloride. Th. Thomson introduced the names proto- and deuto- 
chloride for the 1st and 2nd chloride respectively, hut later on he adopted 
the names subchloride and chloride. Brancle, in the first edition of his 
‘ Chemistry,’ calls the two bodies chloride and bichloride of copper, but 
in his 0th edition we find the names dichloride and protochloride, signify¬ 
ing that the first has two atoms of copper and the second one. Some 
chemists have followed this rule, others the .system of Tborasou, so that 
while Brande, Watts, Eegoault, and Bernay.s apply the name protochloride 
to the higher body, Thomson, Thenard, Gay-Lussac, Xaquet, and Har- 
court apply the same name to the lower body. 

General Bemarics on the Preliminart Beport. 

The usefulness of any system of nomenclature rests mainly on its 
permanence. 

The tables in this Beport, summarising the history of the nomen¬ 
clature of certain typical chemical compounds, clearly indicate the 
conditions most essential for permanence. Barnes have been given to 
bodies expressing particular opinions on tbeir ultimate constitution, whilst 
other names have been given expressing no theoretical views, but simply 
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stating expci'imenfcal facfcs which admit of no dispute. Those tables 
bring prominently forward the fact that those names have endui^ed which 
express no particular opinion on the ultimate constitution of the bodies 
to which they were applied. Where the names have expressed such 
opinions the advance of knowledge has necessitated change. Sixty 
years ago the names ‘ Bi-chloride of phosphorus' and ‘ Perohloride of 
phosphorus’ were both applied to the higher chloride o£ phosphorus. 
The former name has not lasted because it expressed a particular view 
as to the nuniber of atoms in the molecule, w^hich view is no longer 
accepted. The other name has endured because it merely expressed the 
experimental fact that the compound contained more chlorine than the 
lower chloride. To secure permanence for the future this principle 
should be acted on. As a geneml rule those names are to be prefen^ed 
wliich have shown the most vitality and have led to no ambiguity. 
Where there are two CQVtpctmds composed of the same elements the term inn Hons 
ous and 1 C should he employed. Those terminations have been used in the 
same sense by the great majority of chemists since Lavoisier. The 
terms ‘cuprous chloride,’ ‘ chlornre cuivreux,’ ‘ Kupfercbloriir’ for the 
lower chloride of copper, and the terms ‘ cnpric chloride,’ ‘chloimre 
cnivriqne,’ ‘ Kupferchlorid ’ for the higher chloride have been used by 
English, French, and German chemists consistently and without ambiguity. 

The prefixes dewifo, <fec., introduced into chemical nomenclature 
by Thomas Thomson, were not intended by him to indicate the number 
of atoms in a molecule, but to mark the first, second, or third compound 
of a series. Thus he styled the lower and higher chlorides of copper 
‘protochloride’ and ‘deutochloride’ respectively; hut other chemists 
have styled the higher chloride the profoohlorido, thereby indicating that 
the molecule contained one atom of copper, and the lower chloride the 
dicliloride^ thereby indicating that the molecule contained two atoms of 
copper. Where the iirefixes proto^ deuto^ &c., are retained they should 
always be applied in the sense used by Thomson as indicating the first, 
second, &c., compound of a series. 

A name once given to a particular body should not be taken from 
that body and applied to another without the gravest reasons for the 
transfer—reasons accepted by the majority of chemists. The name 
carhonic o,nde has been regularly used to denote the lower oxide of 
carbon from the time of its discovery. Until quite recently, the name 
‘carbonic oxide’ served without ambiguity to indicate a particular 
compound. This name has lately been applied by certain chemists to the 
higher oxide of carbon, and a new name has been given to the lower 
oxide. On account of this transfer the name has become ambiguous. 
A return to the common nomenclature would involve less change, and 
would, therefore, be preferable to the adoption of two now names to avoid 
this ambiguity. 

Report of the Committee^ comisting o/Professor W. A, Tilden and 
Professor H. E. Aemsteong (Secretary)^ appointed for the purpose 
of investigating Isomeric Naphthalene Derivatives. 

Tsb Committee have to report that some steps have been taken towards 
commencing the work; but, owing to the unfortunate fire at the London, 
Institution, whereby much of the material was destroyed, and the appoint¬ 
ment of Dr. Armstrong to the Chair of Chemistry at the Central Technical 
Institute, the results are not yet in a state fit for .publication. 
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[Two other Reports read in Section B, having been unavoidably delayed, 
■will be found immediately before the Papers printed in eixilemo,'] ^ 


Second Report of the Committee^ consisting of Mr. E. Etheeid&e, 
Dr. H. Woodward, and Professor T. Elpert Jones {Secretary)^ 
on the Fossil Phyllopodct of the Palaeozoic Rocks. 

In our former Report (1883) we offered a Synopsis of the known genera 
of the Fossil Phyllopods, and w^e have not found reason to modify the 
classification tliere proposed, as far as the univalve genera are concerned, 
except (1) that the term ‘ flat-shield ’ is incorrect for a gi'oup in which 
several forms are slightly convex or stibconical; (2) that one 
terocaris) is bent along the back in a ridge-like manner; (3) possibly 
Pinnocaris is really bivalved, without a rostral piece, and not merely 
sutured along the back; (4) probably Grescentilhi may be placed near 
Pterocaris and Pi])teroGans. Last year we offered observations on some 
genera that have bent or folded carapaces (Eyme^iocaris), and on some 
that are bivalved (Ganjocaris and Lwgulocaris) ; but we have now to take 
up the flat-shielded or subconioal forms, excepting the Bithyrocarides. 

Examining all the species of which specimens or figures are within 
reach, we find the following genera and species; and we have briefly 
described or ro-described them on one uniform plan, so that comparison 
may be the more easily made. 


List of the Species ob^ the Fossil IJnivalved Phyllopoda 
(excepting Dithyrocarls). 

I. Shield not sutured along the lack. 


1. PostGTwr maTgbi entire. 

1. Discinocaeis, H. Woodward, 3806. 

3. Browniana, H. W. 

3. dubia, F. A. Roemer. 

3. lata, H. W, 

4. triasica, Reuss. 

5. sp. nov. 

(>. congener, Clarke. 

7. ? gigas, H. W. 

2. Spathiocaeis, Clarke, 1882. 

1. Emersonii, Clarke. 

2. ungiilina, Clarke. 

3. PnoLADOCABis, H. Woodward, 1882. 

1. Leeii, H. W. 

2. sp. nov. 

4. LISGOCAEIS, Clarke, 1882. 

1, Lutheri, Clarke, 

. 5, Bllipsocaeis, H. Woodward, 1882. 

:. vJ. Dewalquei, 11. W. ’ , 

2. sp, nov. 


2. Posterior margin inmeate^ indented^ 
or slightly notched. 

6. Cardiocaius, H. Woodward, 1882. 

3. Roemeri, H. W. 

2. bipartita, H. W. 

3. Veneris, H. W. 

4. Koeneni, Clarke. 

3. Posterior margin deegthj notched’. 

7. Dipterocaeis, Clarke, 1883. 

1. pes-cervje, Clarke. 

2. vetusta, d’Arch, &: do V. 

3. procne, Clarke. 

4. pennse-dsedali, Clarke. 

6. Btberidgei, nobis. 

8. Btbrocaeis, Barrande, 1872. 

1. bohemica, Barr. 

’9. Oekscentilla, Barrande, 1872^ - 
h. pngnax, Barr. ‘ ; - ^ J" 
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II. Sutured 

1. yuekal suture angular, 

10. Aptychopsis, BaiTande, 1872. 

1. prima, Barr. 

lA. var. seciiiida, nov. 

2, Wilsoni, H. Woodward. 

8. Lapwortlii, H, W. 

4. glabra, H. W. 

5. sp. nov. 

6. sp. nov. 

7. Salteri, H. W. 

8. sp. nov 


long the hack. 

2. Nnohal suture rounded. 

11. Peltocarib, Sailor, 18G3. 

1. aptychoides, Sailor. 

2. ? analina, Sailer. 

8. sp nov. 

4. sp. nov. 

5. '! llarkiiessi, Salter. 

3 . 2*ossiUg truly Mvalmlt without 
a rostral ^riece. 

12. Pjnnocaris, R. Etheridge, Jun, 1878. 
1. Lapworthi, R. E., Jr. 


Before we proceed witli the comparative descripiions, we may remark 
that some specimens of these little fossil carapaces were noticed long ago 
by paleontologists, before their Crustacean charactei\s were recognised. 
Their general likeness to the opercnla of Ammonites' led some observers 
to suggest that these little fossils may have belonged to Goniafites, an 
‘ Ammonitidal ’ cephalopod found occasionally in strata of the same forma¬ 
tion (Devonian) as that in which certain of these Aptychus-like fossils 
occur.^ Many of the species, howevei', occur in beds in which Ooniatites 
are unknown. Only one specimen has as yet been found in close asso¬ 
ciation with a Goniatifce;^ and nothing is yet known for certain of any 
real opercnla of Goniatites. Herr Kayser found and noticed the occurrence 
of a ‘ S^idthiocavls ’ in the body-chamber of a Ooniatites intumescens from 
the Devonian of Nassau. Small fossils are very commonly mot with in 
a similar position in the body-chambers of Goniatites and other Cephalo- 
pods, as also in the cavities of various shells. 

Of the Phyllopodous forms under consideration we have some, like 
JDisemoenris, which could not, on account of their shape in general, and 
the presence of the frontal piece in particular, have belonged to any 
Cephalopod, much less to Goniatites^ even if it possessed an operculum, 
which is by no means proved. Next we have a large series of forms 
which occur in beds wherein no Goniatites have been found. Lastly, as 
is the case with specimens from Nassau, the Ellfel, Hartz, and Petschora- 
land, some occur in beds containing Goniatites,^ but tlieir outlines do 
not, even in these instances, correspond exactly with the apertures of 
the shells of such Cephalopods. 

As other Phyllopods, such as Esther la, are imbedded in Devonian 
rooks, it is not strange that these Pbyllocarida should be there also. 

Whilst, however, we are far from denying that some forms, now 
associated with undoubted shield-bearing Phyllopoda^ may hereafter be 
shown to be Molluscan, we are certain that some have no relation to 
Mollusra; and with regard to such cases as those in which there is any 
possibility of doubt, the oiius prohandl must rest with those who are dis¬ 
satisfied with and do not accept our views regarding their affinities. 

We are the more strengthened in our opinion of the affinities of these 
palseozoic Crustacean shields, because their ornamentation agrees with 
that of known Phyllopod carapaces, both in the minute, ridge-like, con- 

^ Calcareous and bipartite, Aptyehvs ; corneous and undivided, Ampiyehm. 

® See, for instance, Herr Baines’ remarks in the Mues Jahrh.fUr Min. &o., 1884, 
vol. i. pp. 275-270. . 

* See Kayser, P^itseh. d. dentseh. geal. Ges. xxxiv. 1882 pp. 818, 810 ; and von 
Koenen, Nrues Mtrh.f iir Min. &c., 1884, vol. i. pp. 45, 40. . 
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centric lines of growth, and, in some cases, in tlie delicate surface orna- 
ment between tliem. 

Another objection to the supposed AjotycJius nature of many of these 
circular and ovate shields arises from the fact that they were not origi¬ 
nally flat discs or plates, as may be seen by examining a series ivom 
various localities. 

Thus Discinocaris Broivmana was in some degree convex, with a 
low conical apex; Aspldocaris triaslca was evidently conical, as may 
be seen by the split state of the outer rim, caused by the flatten¬ 
ing of the whole shield; others, as Spatloiocains ilmtYsonii and 
Lisgocaris Lutlier% had elevated snbconical carapaces. Apfychoims not 
unfrequently exemplifies the same condition and similar breakage. A 
median mark, caused by the depression of the central portion in 
Gardiocaris bipartita and 0. Koenen% is also the result of flattening in a 
toughish snbconical shield. Again, some of these carapaces were bent 
like a low ridge along the dorsum, as shown by Mr. J. M. Clarke’s de¬ 
scription and figure of Dipterocaris procne —all which conditions are com¬ 
patible with the nature of Phyllopods. 

Thyllopodous Shields figured by early observers (183*2-1850). 

1. 1832-48.—One of the above-mentioned little fossils has been re^ 
corded as ‘Aptyohus Icevigatus (Goldfuss) ’ in von Dechen’s German 
translation of be la Beebe’s ‘ Manual of Geology,’ ‘ Handbucli der* 
Geognosie,’ 1832, p. 529; and it was entered in Bronn’s ‘ Index 
Palseontologicus,’ 1848, vol. i. p. 90. As we know of no figure, we cannot 
oflPer an opinion as to its generic relationship. 

2. 1842.—The ‘ Aptychus vetustus ’ of d’Archiac and de Verneuily 
‘ Transactions Geol. Soc. London,’ ser. 2, vol. vi. 1842, p, 343, pi. 26, f, 
9, found in the Devonian beds of the Eifel (rare), is one of these little- 
apparently bivalved but really tripartite carapaces, with a front notch,, 
and an open split at the hinder part of the median suture. If this latter- 
feature be an original^ condition, as it seems, the species is referable to 
Dipterocaris, 

8. 1846.—In 1846 A, von Keyserling gave figures and descriptions of 
some- small Aptychus-iike fossils in the ‘ Wissenchaft. Beobacht. Petsw 
chora-Land, Geogn. Beobacht.’ p. 286, pi. 13, f. 3-7. These he referred 
to as being probably the AptycM of Oordatites, The figures show no median 
line of suture; and thei^efore, instead of looking like the more common. 
Apiychopsu^ they resemble the allied Discmocaris, with an undivided shield, 
and with a rounded or elliptical nuchal or cephalic iiotcln If this latter 
feature be real, we have a form here which comes near MUpsocaris, One of 
his figures in particular (fig, 3) reminds us of this genus.^ 

4. 1860.—In the ‘ Palasontographica,’ vol. iii. p. 28, pi. 4, fig. 18^ 
P. A. Roemer described and figured his Aptychus dubius^ from the TTpper 
Devonian beds of the Hartz (Goniatite-limestone of the Kelwasserthal). 
M. Barrande in 1872 was inclined to refer it to Aptyohopsis (* Syst. SiL 
Boheme,’ vol. i. SnppL p. 456) ; Mr. J. M. Clarke thought it might be a 
Spathiocaris ; but we regard it as a Discinooaris, 

5. 1860.—In the same volume of the * Paleeontographica,’ iii. p. 8b, 
1 13, f. 13, F. A. Romer also illustrated what he regarded as &n^ApiycJms: 

* We are informed' that unfortunately these Kussian specimens cannot now be 
found at St. Feteraburg, 
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of a Goiiiatite, from the Goniatiten-Kalk of Altenau, in the Hartz. In 
general appearance the figure approaches Flioladocaris, 


SyxVOI’tlcal Plan ov tht: Discinocarida. 


1. 


2 . 


notch broad 

i. DlhC'INCK’AKIS 


notch narrow 
ii. SrATuiocARis 
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B, Not concentrically 
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• - - ix. Crescextilra 
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Species. (complete, and measured 
outside the notches). 
Browniana, dubia, lata circular. 


Iruisica 
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\ congener . 

/ Emersonii 

. j-V small form 

1 ungulhia 

( Leeii . 
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subijcntagonal. 
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oval. 
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As m all otlier nataral groups, it is difficult or impossible to amve 
at a perfectly linear arrangement; the order, therefore, in this plan of 
the Discinooarids dpes not quite correspond with that in the foreffointr 
list of genera and species, which is followed in the descriptions. “ 

I. DlscisroCABis, H. Woodward, 18G6. ‘Quart. Journ. Oeol Soo ’ vol 
xxii, p. 503; and ‘ Geol, Mag.’ vol. iii. 1866, p. ?2. ' ‘ 

This Pbyllopod has a round, oval, ovate, or oblong shield, sHehtlv 
conica,!, without a mediau suture, but crossed anteriorly by an angular 
nuchal suture, often leaving a corresponding notch. Concentrically 
striate, like its congeners. ^ 

1. Bimmearis Browmana, H. Woodward, 1866. ‘ Quart. Journ. Geol 
'^ 0 . Tol. P* ^4 pi* 25, figs. 4 and 7, andf. 5 side view, &c. ♦ Geol, 
‘Mag. vol. 111 . 1866, p. 72. *Catal. W.-Scot. Fossils,* 1876, p. 7. ‘Oatal' 
Sxlnr. j^oss. Pract. Geol. Museum,* 1878, p. 28. ‘Proceed* 

ir.t. Kdd.a.b,’ 18 ??, App«.dbr, p. m, 4..; t. £ . »a 

shield, 15 mm. in diameter. Slope of nnohal 
suture, 60 ; diameter of disk-shaped carapace, 7 lines; wilth of nuchal 
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portioTi nearly one-sixth of the entire circumference. A larqrer specimen 
folded together probably measured 14 lines in diameter, ‘ Quart. Jourm 
Geol. Soc.’ yol. xxii. p. 504. 

Found in the Anthracitic Shales of the MolFat district, at Dobbs Linn, 
Dumfriesshire, and Garpoolburn, Motiat; and in equivalent Silurian beds 
at Coalpit Bay, co. Down, Ireland. 

2. JDiscmocaris diibia (F. A. Boemer), 1850. Aptychus F. A. 

Roemer (‘Palreontographica,* vol. iii. part 1, p. 2?, t. 4, f. 18). Spatlilo^ 
caris dubia, J. M. Clarke, ‘ Il^eues Jahvb. file Min.’ Ac., 1884, vol. i. pp. 
129 and 183. 

nearly circular when perfect, but somewhat narrowed posteriorly, 
thus becoming short-obovate. iNotch rather shallow. Originally about 
25 mm. long, 24 mm. at the widest; slope of nuchal suture, 30°. Con¬ 
centric lines wide apart, as preseiwed, and otherwise obscure at the 
centre. This is referred by Mr. J. M. Clarke to bis genus Sputhiocarls, 

Roemer’s specimen was found in the Goniatite-limestone of the 
Relwasserthal, in the Hartz. 

3. JDiscinocans lata (H. Woodward), 1882. Cardiocarts lata, H. Wood¬ 
ward, ‘ Geol. Mag.,’ Dec. 2, vol. ix. p. 388, pi. 9, fig. 13. SpatJnncarls 
lata, Clarke, ‘ Neues Jahrb. fiir Min.’ &c., 1884, vol. i. p. 181, pi. 4, fig. 2. 

Shield broadly obovate, nearly circular, with broad and deep cephalic 
notch; not indented behind. If complete, it would be about 22 mm. 
long, 18 mm. wide. Slope of notch-sides about 45°. As far as the 
fig. 13 shows, this may be a Btscmocaris, 

From Biidesheim, in the Upper Devonian of the Eifel. 

In Mr. Clarke’s paper this appears as having a round shield, slightly 
broadei'anteriorly than behind; with a wide notch reaching to the centre. 
Length (complete) about 19 mm. according to the figure, width 19 mm. 
Slope of notch uncertain, probably about 50°. 

'Not rare in the Upper Devonian, at Bicken, near Herborn, in Nassau. 

4. DirniiiocMvi^ triasim (Rcuss), 18C7. Aspidocarlsi iriasica, Reuss, 
^Sitzungsb. k. Akad. Wis.sensch. Wien/ math.-nai Cl., vol. Iv. 1867, 
pp. 1 et secj, pi. 0, f. 1-5. 

As Dr. Woodward has already intimated (‘Geol. Mag.,’ Dec. 2, vol. ix. 
p. 386), there is apparently no real difference between tbe late Dr. A. B, 
von Reuss^s genus here mentioned, and Discinocans, to which Reuss 
thought it to bo closely allied. Reuss’s specimens indicate, however^ a 
different species. It was oval in outline, when perfect, and had a wide 
and deep notch, with its ape.x near the centre of the test. The dimen¬ 
sions of the fossils are somewhat increased hy forcible depression of their 
original somewhat conical form: fig. 2, length about 36 mm., width 
about 29 mm-; fig. 3, length about 25 mm., width about 19 mm. The 
slope of the nuchal suture is 40° in the fossils, but Dr. Reuss was pro¬ 
bably right in restoring it at 50° (fig. 4). 

From the Raibl beds, near Hallstadt. 

6. DiscimcaTiB sp. nov. 

In the Cambridge Musenm we notice a Phyllopodous test, broadly 
sagittate, or sharp-shovel-shaped, in its present state, the cephalic portion 
being absent. Originally obovate, with a narrow pointed posterior 
margin, it has been truncated in front by a nuchal suture of slight 
angularity, which has left a broad shallow re-entrant angle, with its apex 
reaching back about one-third of the shield’s original length, and its 
sides reaching the margin almost before they run into the curve of the 
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front border. Original length about 24 mm., width 15 mm. Slope of 
nuchal suture 80°. 

From the Coniston mudstone (Upper Silurian) of Skolgill liock, 
near Ambleside, Westmoreland (at the lower foot-bridge). Collected by 
Mr. J. E. Marr, F.G.S. 

6. Dischwcaris congener (Clarke), 1884. Sjpaihtocnris (Oavdtoran,^ ?) 
congener^ Clarke, ‘Neues Jahrb. fur Min.’ dsc., 1884, vol. i. p, 188, pi. 
4, f. 5. “ 

This also seems to be a Discmocam. Shield, when complete, elliptical- 
oblong ; in the fossil state deeply notched at the anterior end, leaving on 
each side a narrow tapering projection. Mr. Clai'ke says that the fossil 
is 14 mm. long and 8 mm. broad. The slope of the notch seems to 1>e 
about 65°. 

From the Upper Devonian, at Bicken, near Hei^born, iN'assau, 

7. Discinocaris ? (jtgcLS^ H. Woodward, 1872, ‘ Geol. Mag.,’ vol. ix. 
p. 564; ‘ Report Brit. Assoc.’ for 1872, 1873, p. 328. 

A sub-triangular fragment of a Piiyllopodous shield, showing delicate, 
concentric, parallel lines, was referred in 1872 by Dr. H. Woodward to a 
Discinocaris, possibly ‘ 7 inches in diameter.’ This was from the Moffat 
Graptolitic shale at Dobbs Linn, Dumfriesshire. It is in the British 
Museum ; also an oblong fragment with fine parallel lines. Some relics 
of body-rings, 45 mm. in transverse width, and varying from 5 to 10 mrn. 
fore and aft, from the same beds at Ettrickbrigend, Selkirkshire, are 
in the same collection. 

At Cambridge two fragments of the same large kind of carapace are 
in the University Museum, from the Conistone mudstone of Skelgill 
Beck. Collected by Mr. J. E. Marr, F.G.S, 

Discinocaris. 

JDiscinocans Broivniana .... Lower or Middle Silurian. 

„ dxiUa (in Goniatito beds) , Ppper Devonian, Hartz. 

„ lata „ . Upper Devonian, Eifel and Nassnn. 

„ tnasica ..... Trias, Hallstadt. 

„ sp. nov. Upper Silurian, Westmoreland. 

„ eongener (in Goniatito beds) . Upper Devonian, Nassaxi. 

» •gigas .Lower and Upper Silurian, 

II. Stathiocaris, J. M. Clarke, 1882. ‘ American Journ. Science,’ sor. 3, 
vol. xxiii. p. 477, and vol. xxv. p. 120, and pp. 124, 125. ‘Nenes 
Jabrb. fur Min.’ &c,, 1884, vol. i. p. 181, &c* 

Judging from Mr. Clarke’s description and figures, this Phyllopod 
seems to have an oblong or obovate, subconical, patelloid shield, with a 
narrow anterior or cephalic notch (referred to as being posterior, ho, 
but apparently as anterior in the ‘ISfeues Jahrb.’ loc, oit), reaching back 
halfway along the shield, ornamented with concentric lines, and, in some 
specimens, with delicate radii also. In essential particulars this agrees 
with Discinocmis ^ (if regarded as described above); but its notch is 
peculiar, being very narrow^ 

* Air. Clarke, at p. 478, comparing this form with IHscinocmis, speaks of the wedge- 
shaped cleft as being analogous to the notch of I be latter, but says that there is here 
no * rostrum or plate acting as another valve to cover the cleft,’ and he evidently 
regarded the notch as abdominal, somewhat like tlie posterior hollow in the shield of 
Ajpns, to allow of the protrusion of the abdomen {m also * Amor. Jouni* Science,* 
ser. 3, vol. sxv. p, 124). In the ‘Neues Jahrb.* 1884, however, Mr. Clarke refers to 
the notch as being aiiterior, but figures it downwarfi in the plate. 
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1. Sp. Bmersonii^ Clarke, 1882. cit. p. 477, pi. O. fig. 1, 

This is elliptica^l-oblong, or elegantly oblong with rounded ends, one 
of which is parted by a narrow cleft. Length 42 mm. ; width 27 mm, by 
the figures. 

la. 8p, l^lwersonii (?), loc. ciL f. 2. 

This is referred to as being a young form of the foregoing, but it is 
obovate ^ (not oblong), and may be specifically distinct. Length 12 mm.; 
width 8 mm. 

lb. S'p. JSmersonii (?), loc. clL f. 3. 

This shows an elliptico-triangular shape, which may be due to im¬ 
bedment in the matrix, and resembles a lateral portion of an Aptyckopsis, 
but it is regarded by Mr. Clarke as a folded Spathiocaris. 

(If belonging to the former, the shield, when complete, would have 
been about 40 mm. long and 40 ram. where widest; in shape obovate, 
with narrow, pointed posterior; and with a relatively shallow nuchal 
suture, sloping at 20°, and cutting off a broad cephalic portion.) 

Mr. Clarke has found many examples of Spathiocaris folded laterally 
(see ‘ Amer. Jonrn. Sci.’ ser. 8, vol. xxv, p. 124). 

Spathiocaris Emersonii, described in the ‘Amer. Journ. Sci.* for 
June 1882, has been found by Mr. Clarke abundantly in some of the 
Devonian strata of New York State. In 1882 he had already obtained 
thirty specimens from a layer only a few inches thick; they varied much 
in size, from a length of 4 mm. to 60 mm.; and a fragment of a large 
individual, probably 80 or 90 mm. long, was met with. 

They occurred in these beds :— 

Chemung Group. —Chemung proper, Naples, Ontario co.; Lower 
Chemung Sandstone, Canadice, Ontario co. 

Portage Group. —Upper Portage Sandstone, Wyoming co., Portage- 
ville; Upper Black Band, Naples, Ontario co., and elsewhere ; Lower 
Black Band, Bristol, Ontario co. 

In the lower mnddy shales the associates ai'e the common fossils of tho 
Portage rocks, including Qoniatites complanatiis, H. &o. In the bituminous 
shales of the ‘ Upper Black Band,* they occur with fish-remains (Faloeo- 
rziscus, &o.), conodonts, annelidan teeth, plant-remains, and sporangia of 
cryptogams; in tho Chemung, in the lowest horizon, with Leiorhynchtis 
mesacosialis^ Hall: and in the upper only with Crustaceans allied to 
Spathiocaris, namely, Dipterocaris (op. clt p. 121, &o.) 

^ 2. Spathiocaris ungulina, J. M. Clarke, 1884. ‘ Neues Jahrb. fur Min.* 

&c., 1884, vol. i. p. 182, pL 4, f. 4, 

An oval shield; length (complete), judging by the figures, would he 
about 84 mm.; width 26 mm. Cephalic notch narrow and deep, reaching 
nearly to the centre; slope about 75°. Bare, Upper Devonian, from. 
Bicken, near Herborn. Tory closely allied to Discinocaris. 

Spathiocaris. 

r Upper Devonian, New York State. 

(,With Goniatites in the Lower Portage Group. 

„ ungitlina, (in Goniatite bed) Upper Devonian, Nassau. 


* If looked at, according to our plan, with the anterior end upwards. 
1884. 0 
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IlL Pholadocaris, H. Woodward, 1882. ‘Geol. Mag.’ Dec. 2, voL ix. 

p. 388. 

The shield of this Phyllopod is peculiar, and is desfsrihed in careful 
detail, Zoc. cit Its main features are that two fimrows radiate from the 
centre backwards, enclosing a narrow triangular space, marked with 
parallel radiating lines. Radiating and concentric lines ornament tliti 
lateral portions of the carapace. In front of the centre two slightly 
raised elliptical ridges enclose a small space behind the apex of the largo 
V-shaped nuchal suture, and in the fig. 16 remind us of the two forward 
ridges in Lisgocaris ; whilst the two furrows behind feebly represent its 
posterior ridges. 

1, Fholadocans Leeii, H. W., 1882. Loc. clt pi 9. f. 16. 

The only specimen described with the above characteristics has a 
triangular-obovate, or nearly cuneiform shield; broadly rounded in front 
(when complete) ; narrow and rounded behind. Complete, about 34 mm. 
long; 16 mm. broad at the widest part. Rostral piece about 10 mm. 
long, and 10 mm. wide in front; slope of notch about 60°. From the 
Upper Devonian of Blidesheim in the Eifcl. 

2. PJioladocaris, sp. Agptijclms of a Goniatite, F. A. Roemer. ‘ Paloeon- 
tbgraphica,’ vol. iii. 1850, p. 88, pi. 13, fig. 13. 

This neat figure of au obovate, notched, concentrically marked, black, 
filmy fossil from the Goniatiten-Schichten of Altenau, in theHartz, would 
serve for some Discmocan$, if it were not that the posterior portion is 
marked with a dark (sunken) elongate-triangular space, beginning behind 
the centre and widening out slowly to the posterior margin. Altogether 
we may take the figure to represent an ill-preserved Fholadocans^ neatly, 
but possibly not quite correctly, drawn, 

Pholadogaeis. 

Pholadocarls ZeHij (in G:omsititeloedL) .... Kifel. 

„ sp. „ . . , i Hartz. 

IV. Lisgocaeis, J. M. Clarke, 1882. ‘Amer. Journ. Science,* sor. 3, 

vol. xxiii. p. 478, pi. 0, fig. 5 ; vol. xxv. p. 124. 

This also belongs to the group of fossil Phyllopods which have 
shields without a median dorsal suture. It has concentric lines of 
growth also, following the marginal contour of the test. 

The difierence between this and Fkcinocarls is that it has a rounded 
or elliptxcally cut cephalic notch (if looked at as we regard it, instead of 
posterior or abdominal, as at p. 478, op. cit) Its outline is symmoirically 
subpentagonal. Three ridges leave the apex or centre of the shield, one 
central and one on each side, and radiate to the hinder max’gin, which 
they stretch out, as it were, into thi'ee points, with two intervening 
concave spaces. In front two low ridges pass away obliquely forward 
and outward from the centre, and between them is the long, narrow, 
round-ended cephalic notch, the shape of which is distinctive. 

1. Lisgocaris Initheri, Clarke, 1882 (loc, ctl'), is the only described 
species, and exhibits the features above-given. Its figure is about 40 mm* 
long and 30mm. wide; cephalic notch 10mm. wide at its enti’ance, 
17 mm. long, and not narrowing very much before it begins to curve 
round at its apex. 
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From the base of the ^ Hamilton G roup ’ of strata, in Ontario County, 
Western Hew-York State. 

Subsequently Mr. Clarke expressed his wish to include Ltsgocaris 
with B^athiocaris (op, cit p. 124), because he was certain they agreed in 
having no median suture ; and he thought that neither of them had the 
rostral piece so often present in Biscinocaris and Feltocaris —we may add 
Apiycliopsis and Gardiocaris also. In this view we do nob coincide ; and 
we think that Spaihiooaris and Lisgocaris, owing to the form of the 
cephalic notch, may be distinct from each other and from Bisdnocans^ as 
far as the value of that feature goes, but that, having no median suture, 
they are very closely allied to that genus. There are Goniaiites in the 
‘Hamilton Group' of strata from one of which Lisgocaris was obtained. 

Y. Bllipsocaris, H. Woodward, 1882, ‘ Annales Soc. Geol. Belgique/ 
vol. viii. 1882, Memoire Ho. 4, p, 45; ‘ Geol, Mag.’ Dec. 2, vol. ix. 
1882, p. 444. 

Shield or carapace without a median suture, and with a curved nuchal 
suture. As Biscinocaris corresponds with Apiycliopsis in having an 
angular nuchal suture, so JSHUpsocans corresponds with Feltocaris in 
its rounded nuchal suture. See the remarks and woodcuts figs. 1-4, 
Zee. cit, 

1. Bllipsocaris BeioaJquei^ H. Woodward, 1882. Loco citato and 
woodcut fig. 4. 

Shield elongate-oval; nuchal suture semi-oval, not reaching to the 
centre of the shield; the lateral projections bordering the rostral piece 
in front are necessarily curved, tapering, and sharp, like fiat horns. 
Complete, the carapace would be about 62 mm. in length; width 24 mm. 
The rostral piece may have been about 15 mm. long, by 12 mm. wide. 

A most interesting feature of this species is its ornament, not con¬ 
sisting merely of numerous fine concentric lines of growth, hut retaining 
the delicate interlinear cross-bars and minute transverse wrinkles seen 
in BstJieria^ ^ Geol. Mag,' loc, cit, p. 445. 

From the Upper Devonian of Comblain-la-Tour, Province of Liege. 

2* MUpsocaris, sp., ‘ Opercula of Goniatites/ A. von Keyserling ; ‘ Wissen- 
schaftliche Beobachtungen auf einer iteise in das Petschora-Land' 
in Jahre 1843;' ^ Geognostische Beobachtungen/1846, p. 286, pi. 13, 
figs. 3-7 (see above, p. 3). 

Pigs. 3, 6, and 7 have a more or less oval outline, which, with the 
rounded notch, is suggestive of MUpsocaris Bewalguei, Pigs. 4 and 6 
are more obovate in their complete outline. Pig. 3 is 19 mm. long, by 
12 mm. wide ; fig. 7, 7f mm. by 4‘8 mm.; fig. 4,11 mm. long by 9 mm. 
wide. 

In the Devonian (Domanik) beds of Petschora-land. 

Ellipsooabxs. 

Mlipsocaru Beimlquei (with Goniatites Belgium. 

„ sp. (in Goniatite beds) p • . * Petschora-lanrl. 

YL Oaedxocaiiis, H. Woodward, 1882., ‘Geol. Mag.’ Dec. 2, vol. ix. 

' . p. 386. 

Shield obovate, usually elongate, sometimes short; contracted in the 

G 2 
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posterior third, notched deeply in front in the fossil state by loss of the 
rostral portion; more or less truncate, and often indented posteriorly. 
This modification of the posterior extremity is regarded by Mr. J. M. 
Clarke as of only specific value; but with us it constitutes tlie difference 
between Gardiocaris and Discinocaris, and the indentation leads us to the 
cleft posterior margin of Bipierocaris. 

1. Gardiocaris Roemerif H. Woodward, 1882. ^ Geol. Mag.’ Dec. 2, 
vol. ix. p. 386, pi. 9, figs. 1-7. 

Shield long-obovate, slipper-like. Cephalic portion narrow-triangular, 
about 15 mm. long in a shield 40 mm. long. Good specimen 85 mm. long 
(about 45 mm. when complete), 20 mm. in greatest breadth. Fragment 
of larger shield, probably once 66 mm. long and 40 mm. wide. Another 
may have been 50 mm. broad and 30 mm. wide. Some small (young) 
forms, one of them not more than 6 mra. long and 4 mm. broad, are also 
figured. Slope of nuchal suture at about 60°. lu one small specimen 
the cephalic portion is preserved in place (op. cit. p. 387 and f. 5). The 
presence of this little frontal piece is quite antagonistic to the adaptability 
of Gardiocaris as an operculum to a Goniatite. 

Upper Devonian of the Eifel, at Biidesheim, between Gerolstein and 
Prlim. 

2. Gardiocaris Upartita, H. Woodward, 1882. ‘Geol. Mag.’ Deo. 2, 
vol. ix. pp. 383, 388, pi. 8, figs. 14 and 15. 

One of those (f. 14) is much like G. Boemeri in shape, but is said to 
have a dorsal suture, in which case it ought to be placed in or near 
ApiycJiopsis ; probably, however, the dorsal line was merely the mark of 
an imperfect fold or break along the middle (as in Mr. Clarke’s figure of 
Spathiocaris Komie^d, ‘ hfeues Jahrb.’ 1884, vol. i. pi. 4, f. 1). The side- 
margins are rather less convex than in 0. Boemeri^ and the hinder end, 
which is indented, is proportionally broader. Complete, it may have been 
2? mm. long, by 15 mm. wide. Angle of nnchal notch, 60°. 

In shape, f. 15 (which is imperfect posteriorly) differs from f. 14; it 
seems to be more oval, and is certainly more deeply notched in front 
fchanf. 14, It was probably 32 mm. long, when complete; 17 mm. wide. 

Both the specimens were found in the Upper Devonian at Budesheim, 
between Gerolstein and Priim, in the Bifel. 

3. Gardiocaris Veneris^ H. Woodward, 1882. ‘ Geol. Mag.’ 1882, p. 387, 

pL 8, figs. 8-12. 

Shield relatively broader and shorter than C. Eoemm, and consider¬ 
ably wider in front than behind. The cephalic notch is also relatively 
broader. Dr. Woodward gives the following measurements:— 

liength (complete), about 30 mm.; greatest breadth, 23 mm. 


>> 


20 

„ 15 

J5 

» 

15 



The angle of the slope of the nuchal furrow is uncertain; it varies in 
different specimens, according to the result of pressure and disturbance, 
40^^ and 45°, 45° & 55°, and 60° and 65°. 

4, Gardiocaris Koeneni (Clarke), 1844. 

Spaihiocaris Koenen% Clarke, ‘ Irenes Jahrb. fur Min.’' &c., 1884 vol. i. 
p. 182, pi. 4, f. 1. 
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A broadly obovate shield, when complete and looked at with an¬ 
terior margin placed upwards. The fossil is broadly cordate in its 
present condition, having a wide and rather shallow cephalic notch. It 
is truncate behind, along the middle of the posterior margin, with a line 
(sinuous by unequal pressure probably) equal in length to half the 
width of the carapace. The figured specimen has the dorsum bent in 
along a median line, but not sutured. According to the figure the 
length (complete) would be about 48 mm.; width where broadest 49 mm. 
Kuchal suture sloping at 40°. Five specimens, Upper Devonian, Bicken, 
near Herborn. The largest example (Mr. Clarke says) measures 45 mm, 
from the apex of the notch to the posterior margin, and 55 mm. broad. 
The fossils mostly measure about 33 mm. long, and about 45 mm. broad. 
He regards SpatJi. Koeneni as a link between Spatluocaris and Cardiooaris ; 
but the truncation of the posterior margin puts it with Gardiocaris, and 
its wide notch is strange to Spathiocaris. 


C-ARDIOCAEIS. 


Ciirdwaaris Roemeri I 

„ UparUta 

„ Veneris ( 

„ Koeneni J 


in Goniatite beds 


{ Bddcslieim 
Budesheim 
Biidesheim 
Bicken 


] 


Upper Devonian. 


VII. Dipterocabis, J. M. Clarke, 1883. ‘ Amer. Journ. Science,’ sei’. 3, 

vol. XXV. f. 121. 

A variety of fossil Phyllopodous shields, oval or ovate in general 
outline; but this is ^interrupted by two notches of varying width and 
depth, one in front and one behind. The anterior or nuchal notch is 
angular, and analogous to that in Dtscinocaris, Aptycliopsis^ ; the other 
varies from a mere split to a broad open A-sbaped notch. The shield 
seems to consist of one piece, and was probably ridge-like to some extent, 
but occasionally pressure has caused the median line to he specially 
depressed, or otherwise affected, so as to look like the place of a suture. 
The shields have concentric lines of growth for ornament, 

1. In Dipterocans pes-cervm, J. M. Clarke, op, cit, p, 123, figs. 4, 5, 
the front notch is open, with its outer width almost equal to one of its 
sides. The hinder notch is very narrow, and reaches up half the length 
of the shield. Lower Chemung sandstone; Canadice, Ontario co., New 

♦ York State. 

2. Apiychus Detustns, d’Archiao and de Vorneuil, 1842, ^ Trans. Geol. 
Soc/ ser. 2, vol. vi. p. 343, pi. 26, f. 9, from the Devonian rocks of the 
Eifel, is a Bipterocaris^ with a very broad, angular frontal notch, and a 
narrow hinder split. 

3. JDipterocansproone, J. M. Clarke, op. dtp, 122, figs. 2 & 3, has the 
two notches both wide and deep. It is ridgelike iu its dorsal bend. 

Middle Chemung (sandstone); Hoskinsville, Ontario co., New York 
State. 

4. D. pennm^dcedaU, J. M. Clarke, op. cit p. 123, f. 1, has the notches 
large and deep and unequal, leaving only a small isthmus near the 
centre to unite the lateral portions. Lower Chemung ; Dansville, Living¬ 
stone CO., New York State, 

5. These characters—small isthmus, deep notch, and large laterals, are 
present also in figure 21, of Plate 14, in the ‘ Fossils of Girvan,’ 1880, 
and regarded as an undetermined PhyHoped at p, 212. The specimen 
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■was fx’om the Lower Silurian of Penwhapple Burn, near Girvan, Ayr¬ 
shire ; and we wish to give it the name of I)i^terocaris MtliBridijei^ in com¬ 
pliment to Mr. R. Etheridge, jun., who has worked so well among the 
palasozoic Phyllopods and other fossils. 

Whether or no the hinder cleft in Di^pterocaris was ever occupied by 
a triangular piece, lost after death, we cannot say. ITo direct eyidence 
supports the idea that there was a portion of the test filling in "this 
posterior notch; hut the elongate triangle defined by the radiating’ 
furrows in Fholadocaris Leeii, and by ridges (?) in Ph, sp. (F. A. 
Roemer’s ‘Aptychus’), seems to be an analogous feature. On the othei’ 
band, the posterior notch inPipterocaris may have had reference to the pro¬ 
trusion of the abdominal somites, as suggested by Mr. J. M. Clarke, Amer. 
Journ. Sci.’ 3, vol. xxv. p. 124 Mr. Clarke, loc. cit^ considers it pi-o- 
bable that the anterior cleft was also jDermanently open, for the convenient 
protrusion of the cephalic appendages; but analogy with other P/zv/Z/o- 
carida^ and especially the abrupt termination of the concentric lines of 
growth on the edges of the notch (as if the lines were continued on a 
cephalic piece, as in allied forms), are our reasons for retaining the 
views we have already expressed. 

Dipterocabis. 

Dipteroearlspes-eervee Without Goniatites. Upper T)evonian, Now York State. 

„ vetusta With „ „ „ Hartz. 

„ proone f » i. Now York Siat(‘. 

„ pcmue-dcedali J. Without „ < „ „ „ „ 

„ Mheridgei J t bower Silurian, Scotland. 

VJII. Pterocaris, Barrande, 1872. PL bohemica, Barr. ‘Syst. Silur. 

Boheme,’ vol. i. Supplem. p. 464, pL 25, figs. 25, 26, 

A single specimen (a cast) of this interesting form has been carefully 
described by M. J. Barrande in detail. Its apparent relationship to 
Aptychopsis and other fossil Phyllopods is pointed out; its anterior, 
triangular, apparently fixed, rostral piece, and its open and deep posterior 
cleft, are described and figured, together with the radiate ornament of 
the lateral pieces of this cast. The fossil is fiat. Broadly obovato in 
outline (outside the notch). Length 12 mm., width about l2 mm. 

In general shape PierocariB corresponds with Dlpterocarie^ and indeed 
exhibits the cephalic or rostral piece, which has been lost from the other * 
specimens known. The ornamentation, however, as preserved on the 
cast (apparently of the inner or lower side) is peculiar, being sinm 
radiating from a straight line which reaches along the greatest length of 
each wing or lateral piece, and is parallel to the median lino of the 
isthmus; or rather the striss look as if they would converge centrally on 
the isthmus, if they were not interrupted by the longitudinal line on each 
wing. In Pipterocaru the ornamental lines are concentric with the 
isthmus. 

From the quartzite of D d 2 (Lower Siluriau == Llandeilo and 
Caradoc) at Mount Drabow, with Garyon bolimioiim, 2 spp., 

and GyLherepsis testi$. 

The last-mentioned fossil is an internal cast apparently, as M. 
Barrande suggests, of some half-shut Entomostracan bivalve; side-view 
elongate, subelliptical, with a straight dorsal edge and neatly rounded 
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ends. The edge-view of the cast is like a half-opened bivalve carapace, 
Avith a definite strong anterior notch and a small weak posterior indenta¬ 
tion between the ends of the valves. 

Gi/iherojpsis is not a good generic term; but we cannot offer any 
additional information on this peculiar form. 

Zonozoe and Z, Drahowensis (op. cit. p,. 554, &c.) may 

possibly prove to be symmetrical opercula of some shells. 

M. Barrando’s Crupfocaris ( op. cit pp. 459-, &c.) was placed by him 
next to Aptycliopsis with considerable donbt. ‘We incline to tbe belief 
that most of the examples of this little form correspond with opercula of 
Gasteropods, and thus are comparable with such fossils as Peltarion^ 
which is now known to be the opercnleof 2b Neritopsis. We may suggest 
also that some of the forms referred to Oryptocaru have a distant like¬ 
ness to tho opercula of such Corals as Goniopliylhm, &c. 


IX. CRESCEXTrLijA, Barrande, 1872. Orescentillapiignm^ ’Q^iiVr, ‘ Syst. SiL 
Boheme/ voi. i. Supplem. p. 507, pL 26, figs. la~i. 

Placed among the doubtful Entomostracan forms by our late friend, 
Barrande, this curious little fossil seems to us to fall into its natural 
grouping near Pterocaris and Dipterocaris^ for it is open heJiind^ and, 
though found in separate parts, it was also found with sides united, and 
it may have been sutured along the very short line of junction which the 
shape of its laterals allowed. 

If we look at M. Barrande’s fig. 1 Z? in a position reversed (upside 
down) to that in which it is drawn, we shall readily observe that the two 
reniform lateral pieces, meeting at their convex borders, have the charac¬ 
teristic triangular cephalic piece at one end, and an open notch at tbe 
other, just as in Pterocaris. The shape, however, of the nearly semi¬ 
circular or short-reniform laterals, with their outside crescent points, 
makes them markedly distinct. The test, apparently smooth, and faintly 
oonv-ex, has been replaced by iron-oxide. It is minute, being only a little 
more than 1 mm. in fore and aft measurement, by about 2 mm, across. 
Specimens were found in Etage d ; some in d 2, near Trubsko; most in 
d 3, near Trubin: a few in d 4, near Chrustenitz, and d 6, near Koenigshof, 

^Thus/ says M. Barrande, ' this species ranges nearly" throughout the 
Quartzites D, c to of tbe Faime seconded 


X. Aptyohofsis, Barrande, 1872. ‘ Syst. Sil. Boheme,’ vol. i. SuppL 

pp. 430, 455; and H. Woodward, 1872, ‘ Geol. Mag.’ vol ix. 
p. 564; "'Report Brit. Assoc, for 1872,1873,’ p. 328. 

<r 

A circular or elliptical, slightly convex, tripartite shield or carapace; 
divided by a median ^ dorsal ’ suture extending from tbe posterior margin 
forward to within half, or a third, or a fifth, of the length of the test, accord¬ 
ing to the shape of the latter, and then meeting the apex of a symmetrical 
V-shaped suture, which extends to the front margin at different angles in 
different s;pecies. This angular (* nuchal ’) suture forms a line of much 
weaker resistance than the longitudinal suture; and the carapace has 
very frequently given way after the death of the animal, and allowed the 
irianOTlur Q rostral ’ or ‘ cephalic ’) portion to be removed, together with 
the anterior limbs and soft, parts of the animal, as suggested by Dr. H, 
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Wodflwarcl.^ Thus an angular notch is often present in the forepart of 
the fossil carapace. The median suture has often been pressed inwards, 
but more frequently it has parted, leaving the two larger parts of the test 
separate. These remain as subtriangular plates, straight-edged but 
angular on the inner margin, and either elliptically curved or almost 
semicircular on the outer or free borders. They occur usually as black 
carbonaceous films on the bed-planes of the strata; but sometimes they 
have a somewhat corneous or chitinous appearance. 

A concentric linear ornament covers the whole shield; numerous 
delicate ridges and furrows, following the curve of the outer margin, 
converge and are concentric at the point where the dorsal and nuchal 
sutures meet, at or in front of the centre of the test. The style of orna¬ 
ment is similar to that of the bivalve Bstheria^ which shows a neat 
arrangement of raised lines of growth, concentric with the nmbones. 
In the case of Bllipsocaris, even the interlinear sculpturing is present. 
(* Geol. Mag.’ Oct. 1882, p. 445.) If the two valves of Bstheria be laid 
open, their surface would represent the shield of Aptycliopsls ; the open 
angle then formed by their anterior margins would be analogous to the 
nuchal notch; and for that of their hinder margins wo may find an 
analogue in the split posterior border of Dipterocaris and other forms 
allied to Biscinocaris and Aptycliopsls, 

1. Aptycliopsis prima, Barrande, 1872, and var. Secuuda. ‘ ParallDlo 
entre la Boh^me et la Scandinavie,’ 1856, p. 62. ^ Sysfc. SiL 

Boheme,’ vol. i. Suppl. 1872, p. 457, b. 33, figs. 1-21. Roemer, 
‘Leth. Geogn.’ 1876,1.19, f. 3a, dh (after Barrande). 

This includes, according to M. Barrande, both round and somewhat 
obovate forms of the tripartite shield-like test, which both Barrande and 
H, Woodward termed Aptycliopnis independently in the same year (1872). 

Among the figures on plate 33 of* Syst, Sil. Boh6me,’ vol. i. Supplem, 
circular forms are represented by figs. 1-8,12-18, 20, and 21; and more 
or less obovate tests by figs 9-11 and 19. 

In the British Museum (Natural History) are some specimens labelled 
by M. Barrande many years ago, as ^ Aptyohus ? primus ’ and ^ Aptyelms? 
seoundm/ The former were decidedly obovate forms, when perfect, with 
the two lateral moieties and the frontal (cephalic or rostral) in place; and 
the latter (when perfect) were nearly or quite round. Evidently our 
deceased friend had decided to group the two kinds together, by the time 
he published the Supplemental volume of his great work treating of these 
Phyllopods. The circular shields found in Bohemia are chiefly from the 
schistose or slaty mudstone of Borek, with some from Litohlow and 
Kozel—all in Etage * E ^ 1 *; and the ovate or obovate forms come from 
the same geological origin, hut in limestone at other localities, as 
Butowitz, Slawiek, and Wohrada, and rare at Kozel. 

We think that it will be advisable to distinguish the two forms, by 
regarding one of them as varietal. Keeping M. Barrande’s specific term 
Aptyeliopsis prima^ because his extensive series of specimens gave him 
reason to regard the majority as being rather longer in the fore and aft 
dmmeter than in the transverse direction, and therefore not essentially 
circular, we may look upon the elongate and decidedly obovate forms as 

^ Qtn&rt* Jmr. Gfeol. 8oe. Yol. xxii. p. 504 ; and Geol. Mag. Dec. 2, vol. ix, p. 38T. 
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typical, and know them as A^ptijcliO'psis primoL, about 25 mm. long by 
20 mm. in width; and with the nuchal suture at an angle of 50°. Two 
specimens in the British Museum (N’atural History) in limestone from 
Butowitz, and labelled ‘ Aptychus P primus^ belong to this form; also figs. 
9-11 and 19 in pi. 33 of the * Sil. Syst. Boheme,’ &c.; and two small 
round individuals labelled ‘ Aptychus ? secundus ’ (15 mm. in each 
diameter; nuchal suture with slope of 40°), in shaley mudstone from 
Borek, belong to the varietal form, Aptychopsis prima^ Barrande, var. 
secunda. 

M. Barrande included with doubt another form in this genus—namelyy 
his Aptychopsis? vnflata, ‘Syst. Sil. Boh5m.’ vol. i. Suppl. p. 459, pi. 33, 
figs. 22,23. But this seems to be an Bntomis, and may stand as Bntomis? 
Mata (Barrande), from the hills between Lodenitz and Bubowitz, 
Stage E e 2. 

There are no Goniatites in ‘ Stage E,’ representing the lower part of 
the ‘ Fauna III.,’ which is equivalent to the Upper Silurian. There are, 
however, some Goniatites (five species), rather higher up, in ‘ Stage F,’ 
which is in the middle part of ‘ Fauna III.’ 

M. Barrande’s careful and elaborate account of what was known of 
Aptychopsis up to 1872 is almost sufficient in every respect. See the 
‘ Syst. Sil. Boh5me,’ vol. i. Suppl. 1872, p. 455. 

In the Sixth Eeport on Fossil Crustacea to the British Association 
for the Advancement of Science, in 1872, Dr. Henry Woodward defined 
some Phyllopodous species and grouped them under the same name (inde^ 
pendently arrived at) as M. Barrande proposed in the same year (see 
above). See also Dr. H. Woodward’s note on FeltocariSf JDisclnocans, and 
Aptychopsis in Nicholson and Etheridge’s ‘Fossils of the Girvan District,’ 

1880, pp. 210, 211. 

M. Barrande (op. oil p. 455) states that Aptychopsis had been found 
by Professor Angelin in Dalecarlia and Gothland in Upper Silurian strata 
at about the same horizon as that in which they occur in Bohemia. We 
cannot, however, learn of the existence of any Scandinavian specimens. 

2. Aptychopsis Wilsoni, H. Woodward, 1872. ‘Sixth Report on Fossil 
Crustacea—Report British Association for 1872, 1873,’ p. 823; 

‘ Geol. Mag.’ vol. ix. 1872, p. 565. 

This species has a discoidal shield, and was briefly described, in 1872, 
as having a straight (not circular) nuchal suture (making a triangular 
cephalic plate) and a well-marked median or dorsal suture, and as mea¬ 
suring l^inch in length, by If inch across. There are three specimens 
of Aptychopsis Wilsovd in the British Museum, and they would probably 
be almost round in outline if quite perfect. They are from the Riccarton 
beds (Upper Silurian), at Shankend, SlitrigWater, near Hawick; Gad’s 
Linn, near Hawick; and Elliottsfield, near Hawick, Dumfriesshire. 

We may add that the cephalic notch is not so deep as in some allied 
forms; its apex was about one-third of the length of the median suture 
from the front edge of the shield. The usual concentric lines are apparent 
on some specimens. 

One large specimen would measure 40 mm. in each diameter if com¬ 
plete; its nuchal suture slopes 40®. Another specimen (imperfect) 
measures 80 mm. across, and has a-nuchal slope of 60®; difference of 
pressure has caused this discrepancy. 
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3. Apfijcliopsis Lap'worthi, H. Woodward, 1872. ^ Sixth Report on 

Fossil Crustacea/ in ‘Report Brit. Assoc, for 1872,1873/ p. 323; 
‘ Greol. Mag.’ vol ix. 1872, p. 565 ; ‘ Quart. Jour. GeoL Soc.’ voL 
xxxiv. 1878, p. 331. 

This Phyllopod shield %yas also briefly described by Dr. H. Woodward 
at the same time and in the same Report with the foregoing. It is oval, 
8 lines long by 7 broad (1 line = -/^-inch). It is concentrically striate in 
most of the examples preserved, and in one case it retains the cephalic 
plate. The best specimen has this plate in place, but the several parts 
and the edges of the notch have been slightly damaged and disturbed by 
pressure, so that its angularity is somewhat modified. This is from the 
Birkhill Shales in Eldinhope Burn on the Yarrow, Selkirkshire. This 
division of the upper part of the Moffat Shales ' is regarded as equivalent 
to the lower part of the Middle Silurian (Lower Llandovery). Another 
specimen in the British Museum is from the Birkhill Shales at Sund- 
hope Burn, in the same neighhoflrhood, and another from the Grieston 
Shales of the Gala Group, at Inverleithen, above the Moflat Group, and 
equivalent to the upper part of the Middle Silurian. A good specimen 
measures 17 mm. long by 14 mm. broad. Another appears to have been 
23 mm. long by 18 mm. wide. The angle of the nuchal suture may have 
been about 50°. 

A specimen of A^iijcliopds very similar to, if not identical with, 
Aptycliop)sis Lap)wortli% is in the University Museum, Cambridge, from 
the Lower-Wenlock beds of Rebecca Hill, Ulverstone. It is labelled 
^ Feliocaris anatina, Salter,’ and is referred to under that name in the 
^ Oatal. Cambridge Fossils, &o./ 1873, p. 93. The frontal notch is 
angular^ the median sutural line is raised along the depressed shield, and 
concentric striaJ are present. 

In another specimen in the same Museum, the test has been narrowed 
by lateral pressure, acting obliquely across the long axis of the shield, as 
is indicated by imperfect cleavage-planes crossing the modified test at 
an angle of about 60°. The frontal notch has been narrowed, its sides 
made unequal, and its apex somewhat rounded. 

This specimen is from Skelgill Beck; collected by Mr, Marr, F.G.S. 

What seems to be a similar example of a modified Aptychopms^ 
squeezed into an even narrower and moi^e lanceolate shape, has been 
figured by Mr. James Dairon in the ‘ Transactions of the Geological 
Society of Glasgow/ vol. vii. pi. 7, fig. 35, and referred to in the 
Explanation of the plate as ‘ Discinocaris Browniema^ var. ovalis^ Dairon.’ 

All the little Phyllopod tests figured in this plate 7 are termed 
‘ BiBomocems Browniana ’ by Mr. Dairon; but they appear to belong to 
other genera. Fig. 29 looks like Peltocans aptyclioideB, B^igs. 31 and 
34 are round shield^s of probably A. glahm^ H.W. Fig. 35 seems to be 
a* specimen of either A, Baptaorthi or A* glahrcx/ much narrowed by 
pressure; but it may be otherwise. Figure 32 is a discoidal Apiycliopsw^ 

' ! ^ Tiie classification of the successive formations in the Moffat district and vicinity 
has been worked out by Prof essor bapwoith, see Geol. May. vol. ix. 1874, pp. 533-636; 
QuaH. Jmr. Geol. 8oo. vol, xxxiv. 1873, pp. 240-346; and Proceed. BelfaM Mt. 
MeU’CM, set. 2,vol.i. part 4, Appendix IV. 1878; also Gatal Westem-^ScoUm 
WoBsilSy by Armstrong, Young, and Robertson, 1876, p. 24. Although numerous 
Phyllopod shields have been met with, no Goniatites have been recorded from these 
beds, 5 
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but it is rather wider than long (oblately circular), and it has a very 
■wide and deep notch. 

4. AjJtychopsis (jlahra, H. Woodward, 1872. ‘ Sixth Report on Fossil 

Crustacea, Report Brit. Assoc, for 1872,’ p. 323; ‘ Geol. Macv.’ vol. x. 
(1872) p. 665. 

This is an almost circular shield when perfect, ^ about 7 lines 
inch) in diameter,’ with a wide and deep notch, and concentricaliy 
marked. It is like A. Wilsoni in general appearance, but is smaller and 
different in proportions, having a relatively larger notch. It is also near 
to the discoidal forms of A. prima^ Barrande (var. secunda). It is from 
the Buckholm beds of the Gala group, Meigle, Galashiels, Dumfries. 
About 18 mm. in diameter ; nuchal suture sloping at an angle of 60°. 

It may be the same as Gucullella angulata^ Baily, ^ Explan. Sheet 136, 
Geol. Surv. Ireland,’ 1860, p. 13, fig. 4 (woodcut). From the Lower 
Silurian; Cloncannon, co. Tipperary. 

Specimens closely resembling A. glahra have been noticed and figured 
by Mr. Dairon in the ^ Trans. Geol. Soc. Glasgow,’ vol. vii. (1883), 
p. 177, pi. 7, figs. 31 and 34, from the Moffat Shales, 

5. Apiycliopsis, sp. 

A single lefthand portion of the shield of an Apfycliopsis in black 
shale is preserved in the British Museum, unfortunately without locality, 
which may belong to a distinct species. Ifc has the usual elliptico- 
triangnlar shape of these separate moiefcics, but it is relatively broad in 
front, with its anterior angle rounded, and the slope of the nuchal suture 
is at about 35°, which makes a low wide cephalic notch. It has delicate 
concentric lines, and very delicate radiating rugulss (besides radiate lines 
due to breakage under pressure). It measured, when perfect, about 27 
by 25 mm. 

6. Aptyoliopsis^ sp. 

In the Museum of Practical Geology, London, are five specimens of an 
AptycJiopsis^ from the Cambrian slaty or schistose strata (known as 
Tremadoo Slates) at Garth, near Portmadoo, North Wales. They consist 
of elliptieo-triangular moieties of an ohoY^te Apfyohopsis shield in different 
states of preservation. The apex of the notch is above the centre of the 
test (unless altered by pressure), and its slope is at about 50°. The out¬ 
line of the whole tripartite shield would be broad-obovate. Oonoentric lines 
are faintly marked. The shape was probably (when perfect) broader tha-u 
the long forms of Barrande’s A. prima. It approaches A. Lapioortlii also 
in outline, font it is not quite so lull in the posterior curve, thoxigh larger 
altogether—probably 32 mm. long by 30 mm. broad, 

7. AptycJiopsis Salteri, H. Woodward, 1882. ‘Geol. Mag.’Dec* 2, 

vol. ix. p. 389, t. 9, fig. 17. 

This distinctly marked species had an ovate outline when perfect, 
broadest in the hinder half: nuchal suture sloping at about 45*^, its apex 
reaching back a little more than a fourth of the whole length of the test* 
Length about 35 mm., width 26 mm. 

, upper Silurian (Wenlook Shale), at Penoarreg^ Caermarthenshire^ 
South Wales. 
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8. A;ptijclio]}sis^ sp. 

In the University Museum at Cambridge is a small discoidal 
cliopsis (labelled ‘ -4. anatim ’), which is subcircular or oblately circular 
(that is, transversely oval, with a broad elliptical contour). It is rather 
convex; the sutural line remains raised along the somewhat depressed 
surface; and perhaps the test is now rather broader than at first, but not 
far from the original size and shape. Concentric parallel lines ornament 
the surface ; nuchal suture at an angle of about G0°; the notch occupying 
about a third of the length of the shield, which was 20 mm, long by 
26 mm. in width. 


Collected by Mr. Marr, F.G.S., in the Brathay (Lower Conlston) 
Flags, at Nanny Lane, Troutbeck, Windermere. 

A similar form from Moffat has been figured by Mr. James Dairon in 
the ‘ Trans. Geol. Soc. Glasgow,’ vol. vii. part 1,1888, pi. 7, f. 82. 

There is a somewhat similar oblately circular Aptjfchops ?in tlie British 
Museum, from the Gala Group, Gala Hill, Galashiels; but it is smaller, 
and has a relatively larger notch. It seems to have been 0 min, in length 
(fore and aft), and 12 mm. wide. The slope of the nuchal suture is 
about 50^, and the notch reaches half-way down the test: this, however, 
has suffered considerable vertical pressure. 


Aptychopsis. 

Shape 

1. 

A. prima, Barrando 

. Obovate 

I*** 

1 

> 

1 

hound 

2. 

A. Wilsoni, H. W. 

, liound 

3. 

A. Zap^vorthi, H. W. 

. Oval 

4. 

A. glabrcL^ H. W. . 

. hound 

5. 

A. sp. 

ObovatG 

Q. 

A. sp. 

. Obovate 

7. 

A. H.W. . 

. Ovate 

8. 

A. sp. . 

. Oblate 


horizon 

Upper Silurian 
Upper Silurian 
Upper Silurian 
Middle Silurian 
Upper Silurian 
? 

Tremadoc Slali^«5 
Upper Silurian 
Upijor Silurian 


No Goniatites have been found with any of the above. 
[N.B.—The new species will receive names wliou they are figured.] 


XI. Peltocaeis, Salter, 1863. Bithyroearis, Salter, 1852, ‘Quart. ,lour. 

Greol. Soe.’ vol. viii. p. 391; Geratioaam, Salter, 1860, ‘ Ann. Ma^. 

Xat. Hist.’ ser. 3, vol. v. p. 161; Peltucarin, Salter, 1863, ‘ Quart. 

Jour. Geol. Soc.’ vol. xix. p. 87. 

This Phyllopod has a discoidal, round or oval, tripartite shield, with 
a straight median dorsal suture, and a curved nuchal suture, which, giving 
way after death more easily than the other, has left in some instances a 
ronnded, elliptical, or semi-oval cepbaho notch in the shield. The separate 
lateral pieces of the test have an inner concave curve meeting tlie convexity 
of the outer margin, instead of a straight sloping inner edge as in Apty- 
ehepsis. These two lateral moieties, however, are not so frequently fonnd 
separate as is the case with Apiycliopsis. In some instances a smaller 
notch appears at the bottom or apex of the curved notch, sometimes with 
a little escutcheon peculiar to it; but this feature requires much more 
attention. The shield is concentrically striate as in Apiyohopsis. 

TOKO Salter, 1852, ‘ Quart. Jonr. Geol, Soo.’vol.viii. 

Iob2, p. 891, pi. 21, f, 10 ; this,figure shows a specimen oblately circular, 
and probably squeezed obliquely. ‘Ann. Mag. Nat. Hist/ i860, I c. 
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^ Quart. Jour. Geol. Soc,’ vol. xix. 1863, p. 88, f. 1 (woodcut) gives a cir¬ 
cular form ; but at p. 90, f. 4 (woodcut) gives an oval outline. 

In 18C6 (‘Quart. Jour. Geol. Soc.’ vol. xsii. p. ^>04, pi. 25, f. G) Dr. 
H. Woodward gave a careful figure of this species from a good specimen 
(measuring 12-|- mm. in length and 10 mm. in wddtli^), giving it its true 
oval outline, rather blunt at the ends, the rostral piece making a distinct 
curve of its own at the front (Moffat). A distorted specimen is figured 
in the ‘Proc. Belfast hTat. Field Club,* 1877, Appendix, pi. 7, f. 24a, by 
Messrs. Lapworth & Swanston, from Tieveshilly, near Portaferry, Co. 
Down, Ireland. This is from either the top of the Middle Silurian or the 
base of the Upper Silurian (op. cit. p. 122). H. Woodward’s figure is 
reproduced in illustration here, fig. 24& ; and again by Mr, J. Dairon, 
‘ Trans. Geol. Soc. Glasgow,’ 1883, pi. 7, f. 29, for a Moffat specimen. 

Some specimens in the Museum of the Geological Survey are oval. 
One (D^%-), almost perfect, is a pyritons film, with the rostral piece in 
place, and with obscure concentric lines; from the Llandeilo formation; 
locality unknown. Specimen D^ is a black film; the shield has been 
oval, but one half is modified by pressure. Upper Llandeilo; Duff-Kennel, 
Dumfries. 

In the Museum at Jermyn Street there is also an imperfect Peltocaris 
(U * 5 ^, from Moffat), of relatively large size, length ?, width 24 mm., very 
delicately and regularly concentric in its linear ornament; and it seems 
to show what Mr. Salter intimated at p. 88, ‘ Quart. Jour. Geol. Soc.’ vol.xix. 
—^namely, that the umhones-, or angles at the front end of the median 
sutures, may come away by the weakness of a small curved sutural line 
bounding them and concentric with the striae. See also Mr. Salter’s 
drawing of the notch in ‘Quart. Jour. Geol. Soc.’ vol. viii. pi. 21, f. 10. 

In the British Museum, a specimen (from the Grieston beds, Gala 
Group, Rotten Gair, Tnverleithen), slightly modified by pressure, was 
probably almost oval in outline, 15 by 14 mm. Another, also broadly 
oval when perfect, length about 19 mm, width 16 mm., has somewhat 
sinuous sides to the notch, that is, it widens in the middle and then con¬ 
tracts, forming a small notch at its apex. Something like this, hut not 
quite the same, is seen in the figures of the natural size and enlarged at 
p. 88, * Quart. Jour. Geol Soc.’ vol xix.; it more closely resembles 
fig. 10, pi. 21, ‘Quart. Jour. Geol. Soc.’ vol viii, 

2, Peltocaris anatina^ Salter, 1873. 

In the ‘Oatal Palcooz. Fossils Cambridge,’ 1873, at p. 93, Mr. Salter 
mentions this species, but it is not figured. The diagram annexed to it, 
and given in illustration of the generic type, is P. aptyclioides. That a 
Peltocaris was intended here is evident from the words, ‘ its semi-oral 
rostrum is seldom found; ’ but the specimen (from Rebecca Hill) labelled 
with this name in the Cambridge Museum is an Aptychopsis (with angular 
notch). Mr, Salter’s intended species cannot therefore be recognised at 
present. 

In this Museum there is an oval Phyllopod shield, with a semi-oval 
notch, but it has been somewhat narrowed by lateral pressure, and the 
"notch may have been modified by the same cause. The suture, however, 
cannot be made out: if it be absent, the specimen belongs to another 

* The statement that the figure is magnified three times seems to be a mistake in 
the e^splanation of the pUitu. 
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genus, o£ course. Lengfcli (as it is) 23 mm., widtli 12 mm. This fossil 
was collected by Mr, Marr, F.G.S., at Long* Sloddale in a Graptolitic 
mudstone of the Coniston series, and bas been thought to be such as 
Salter intended for his P. anaiina, 

3. Feltocaris^ sp. 

In the British Museum, two specimens of a small Feltocaris in the 
Moffat Anthracitic shale from Wasthope Burn, at St. Mary’s Loch, shows 
an obovate outline, broad and round anteriorly (when perfect),^ narrowed 
and pointed behind; almost cordate. A portion of the front plate 
remains in the semioval notch of one of the specimens. , Length probably 
14 mm., width 10 mm. 

4. Feltocaris, sp. 

In shape much like AptyolLo^sis ISTo. 8, page 18; small, oblaio or 
transversely oval, but with a very wide semicircular no toll. In the 
British Museum ; from the Moffat anthracitic shale of Belcraig, Aiman- 
dale (either the Birkhill or Hartfell scries=Lower Llandovery, or 
Caradoc-Bala). Length fore and aft (shortened by pressure) probably 
9 mm.; transverse (rather increased) 13 mm. 

In the Cambridge Museum is a similar but still smaller Feltocaris^ 
shortened and widened by the mudstone having been squeezed horizon¬ 
tally. Fore and aft diameter probably G mm., transverse (increased by 
squeeze) 9 mm. Collected by Mi*. Marr, F.G.S., in the Coniston 
Mudstone at Skelgill Beck, near Ambleside. 

5. Feltocaris? Harlcnessif Salter, 1863, ‘Quart, Jour. Gcol. Soc.^ 
vol. xix. 'p, 89, fig. 2 (woodcut). 

Shape indeterminate; it may be a piece of any large species, and the 
author w^as uncertain as to its alliance. Anthracite beds (of Llandeilo 
age), Dumfriessbire. 


Pewocarls. 

1. Feltocaris aptyckoidcSi Halter 

2. P. matinat Halter ? . 

8. P. sp, . . • . 

4. P, sp. , . • • 

5. P. ? Biarhmsl, Salter. . 


Shape 
Oval , 
? 

Oblate 

Oblate 

1 


Geological horizon 
/Lower and Middle 

* \ Silurian. 

* ? 

fc Lower Silurian. 
/lx)wer or Middle and 
I hppf'i’ Sihirian. 
p Lower toilurian. 


ITo Goniatites have been found with any of these. 


XII. PiNKocABTS, K Etheridge, Jun., 1878. ‘Proc. R. Phys. 3oc* 
Edinb.’ vol. iv. 1878, p. 167; Hicholson & Etheridge, Jun., ‘ Fossils 
of the Girvan District ’ (1880), p. 207. 

Carapace bent and probably sutured along the back. Lateral pieces, 
found apart, in outline like the valves of a Finna ; dorsal margin straight j 
front edge rounded (in some cases semicircular, in others elliptioally 
rounded) ; ventral margin sinuous, fully convex anteriorly, sloping andt^ 
sometimes partly concave posteriorly. Ooncentncally striate, with 
delicate lines following the contour of the margin and centering on a 
kind of umbo situate at about a third of the length of the valve from its 
front edge. 
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Where the front edges are ellipticajlj rounded, there would he a 
slight notch in the same position as that in A^tyclio^sis ; but there is no 
evidence of any cephalic or rostral piece having occupied it On the 
contrary, the genus may have been truly bivalve, like Estheria and other 
such Phyllopods. This genus is known in the Lower and Tipper Silurian. 

1. Tinnooaris Lapivortlii^ R. Etheridge, Jnn. ‘Free. R. Phys. Soc. 
Ediiib.’ vol. iv. (1878), p. 169, pi. 2, Igs. 3-5 ‘ Fossils ol* Girvan,’ 

&c.’ p. 280, pi. 14, figs. 17-20. 

Figs. 18,19, and 20 have the postero-ventral edge of the valve much 
more contracted than fig. 17 (imperfect) W'ould have if completed accord¬ 
ing to the contours of its remaining lines of growth. Possibly a mvietij 
is here indicated. Moreover, the front edge of fig. 17 is much more 
rounded (more semicircular) than the others, admitting of little or no 
cephalic piece. These are from the Lower Silurian at Balcletchie, 
Girvan, Ayrshire. A specimen of the form or variety shown by fig. 17— 
that is, with the hinder portion less pinched in—is in the British Museum, 
from the Upper Silurian of Kendal. 

The shield is triangular-obovate, if the two lateral pieces be laid out 
together. 

Length Greatest width of ditVerGiit examples 

mm. mm. 

32 ' 12 

30 10 

28 8 

2?o Goniatites accompany these specimens. 

Caudal Appendages. 

From the analogy of allied forms, we should expect that these 
Apudiform Crustaceans had more or less extended abdominal segments 
and caudal spines. With regard to this part of their organism we have 
not much to remark, except tliat a few such styles or stylets as are 
attached to the telson in known forms have been found in strata containing 
DiscmocarLs^ Feltocaris, or Aptijcliopm, Thus, at the Skelgill Beck, 
Ambleside, in the Coniston (Tipper Silurian) ninclstones, in which 
Bkcinocaru and Feltocaris occur, Mr. J. B. Marr found a small tapering 
caudal spine, 15 mm. long, and delicately striate (now in the Cambridge 
Museum). This may have belonged to one of the forms just mentioned. 
So, also, there is a small thin spine, 35 mm. long, and apparently dotted 
with the bases of minute prickles, in tbo Biutish Museum, from the 
Riccarton (Upper Silurian) beds of Shankend, near Hawick; and two 
(pi'obably the remnant of a set of three), one 35 mm long and fluted, 
and the other 20 mm. long, from tlie Buckholm beds (Upper Silurian) of 
the Gala group, Meigle Hills, Galashiels. Tiiese are large enough for 
Geratlocaris, but only Apiycliopsis and Feltocaris are known in these 
strata. 

We may add that a few small caudal spines, 20 mm, long, have been 
found by Mr. Marr iri the Tipper Arenig Slates at the Nantlle tramway, 
Pont Seiont, near Caernarvon. Here they are associated with Garyomm^ 
See ‘ First Report on the Palasozoic Phyllopoda*’ 
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Tenth Report of the Ooinmitteey consisting of Professor E. Hull, 
Dr. H. W. Ckosskey, Captain Douglas Oalton, Professors ,1. 
Prestwick and G. A. Lebour, and Messrs. James Glaishek, K. 1>. 
Marten, G. H. Morton, James Parker, W. Pengelly, James Plant, 
I. Egberts, Fox Strangways, T. S. Stooke, G. J. Symons, 
W. Topley, Tylden-Wright, E. Wethered, W. Whitaker, 
and C. E. De Eance {Secretary)^ appointed for the pv/rpose 
of investigating the Girculation of Underground Waters in the 
Permeable Formations of England and Wales, and the Qnantity 
and Character of the Water supplied to various Toivns and- 
Districts from those Formations. Drawn up by C. E, De Eance. 

The Chairman and Secretarj of your Commifcteo aro both unavoidably 
obliged to be absent at the Montreal meeting, which is a source of regret 
to themselves ; the more so that, this being the case, it has been thought 
advisable to delay presenting their final Report on the Circulation of 
Underground Waters in South Britain until next year, when the Com¬ 
mittee will have been twelve years in existence. Dating those years 
particulars have been collected of the sections passed through by a very 
large number of wells and borings; a daily record has been obtained 
of the height at which water stands in many of these wells ; investigations 
have been carried out as to the quantity of water held by a cubic foot 
of various rocks, by Mr. Wethered; and as to the filtering power of 
sandstones, and the influence of barometric pressure and lunar changes 
on the height of underground waters, by Mr. 1. Roberts. During the 
present year the attention of the Committee has been directed to the 
remarkable influence of the earthquake which visited the east and east- 
central counties of England, in March last, in raising the levels of the 
water in the wells of Colchester and elsewhere. 

^ More detailed information is still required as to the proportion of actual 
rainfall absorbed by various soils, over extended periods reprosonting 
typical dry and wet years. Information on these heads and on other points 
of general interest bearing on tho percolation of underground waters, 
referring to observations made in Canada or the United States, would bo 
gladly welcomed by the Committee, and would bo incorporated in their 
eleventh and final report to be presented next year. 


Appetidix —Copy of QuesUom cimilabecl. 

X. Portion of well or shafts with which you are acquainted ? X/j, State date at 
which the well or shaft was originally sunk. Has it been deepened since by sinking 
ox boring ? and when ? a. Approximate heigU of the surface of the ground above 
Ordnance Datum (mean sea-level) ? 3 . Depth from the surface to bottom of shaft 
or well, with diameter. Depth from surface to bottom of bore-hole, with diameter ? 
^a. Depth from the surface to the horizontal drift-ways, if any ? What is their 
length and number ? X. Height below the surface at which water stands lefore and 
after pumping? Number of hours elapsing before ordinaiy level is restored after 
pumping ? Height below the surface at which the water stood when the well 
was first sunk, and height at which it stands now when not pumped? 5 . Qmniiiy 
^pable of being pumped in gallons per day of twenty-four hours ? Average quantitv 
daily pumped ? «. Does the vary at different seasons of the year, and to 

what extent ? Has it diminished during the last ten years ? 7. Is tho ordinarf' 
9e(ster>>hvel ever affected by local rains, and, if so, in how short a time ? And how 
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does it stand in regard to the level of the water in the neighbouring streams, or sea ? 

8. Analysis of the water, if any. Does the water possess any marked 'peculiarity ? 

9. Section, with nature of the rock passed through, including cover of Drift, if any, 

with thicJiness ? 9a* In which of the above rocks were springs of water intercepted ? 
a.0* Does the cover of Drift over the rock contain surface sjJriugs 'I 11. If so, are 
these land springs kept entirely out of the well ? 12, Are any faults known 

to exist close to the well? 13, Were any hrine springs passed through in making 
the well ? 14- Are there any salt springs in the neighbourhood ? 15. Have any 
wells or borings been discontinued in your neighbourhood in consequence of the 
water being more or less hracldsh? If so, please give section in reply to query No. 9. 
16. Kindly give any further information you can. 


Fifth and last Report of the Committee^ consisting of Dr. H. C. 
SoRBY, and Mr. G. E. Vine, appointed for the purpose of 

reporting on Fossil Polyzoa* Drawn up by Mr. Vine. 

The classification which has been adopted in this Eeport is that 
formulated by the Eev. Thomas Hincks for his work on British Marine 
Polyzoa, which seems to he in the main accepted by Mr. A. W. Waters 
for his various papers since the publication of Hincks’s work. 

The classification of D’Orbigny ^ was based upon certain characters 
wbioh, as Mr. Hincks says, bad one good feature at least: liis family 
groups had a wide range, and embraced many diversities in the mode of 
growth. ‘ His genera, on the other hand, are often founded on ntterly 
trivial featux-es, and have been multiplied indefinitely to represent every 
insignificant variation of habit.’ Mr. Waters, in his paper on the 
‘ Bryozoa from the Pliocene of Brnccoli,’ says that the classification was 
based upon many characters by D’Orbigny, without his ‘ understanding* 
their zoological signification, and the consequence was that some forms, 
could actually belong to several genera .... D’Orbigny attached much 
greater impoi’tance to the form of the cell than to the mode of aggregate 
growth, and in some cases signified the form of a colony by an affix, so^ 
that there was Bscliara and liept-esGham^ the first erect and the second 
incrusting.’ His knowledge, however, ‘ of Polyzoan form is perhaps, 
unsurpassed, and by his clear diagnosis and splendid plates he has given 
us a new revelation of the structural variety and beauty of the class.’ ^ 

* We owe to Professor Smitt the first seiious attempt to substitute a 
natural system for the purely artificial arrangement hitherto in use. . . . 
He has aimed at a genealogical classification, stainting with the proposition 
that the variations of species follow the line of their development, and 
may be in a great measure explained by it.’ In dealing, however, with 
this question Mr. Hincks points out how difficult to the mere systematist 
the attempt to classify upon genealogical principles would be—‘if it 
should ever he feasible ’—and if this would he difficult in dealing with 
living, the difficulties would be innumerable in dealing with fossil species. 
In spite of this, then, there is another important feature in Professor 

Smitt’s system that is far more practicable.*the place 

which he assigns to the Zooecium in the construction of families and 
genera. ' The mere mode of growth he treats as a pexTectly subordinate 
character, and bases bis divisions chiefly on the essential element of the 
structure of the oelh In practice, this principle applies chiefij to the 

. ' , 5 ' 

’ Pal. Prang. Ter. OrSt. vol. v. * Hinolffl, op, eit. p. cats. 

1884. H 
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Oheilostomata—^but the revolationary step involves the breaking np of a 
large proportion of the older genera and the wide dispersion of forms 
hithex'to most closely associated .... The variations of habit, which have 
been made the criteria of genera,“may occur within the limits of a species. 
It is not the mode in which the cells combine, hit the cell itself that is 
the true test of relationship and the essential basis of a natural group.’ ^ 

With the Cyclostomata we have an increase of difficulties when dealing 
with the cell alone, and it is almost impossible to suggest or carry out a 
natural grouping of forms belonging to this sub-order. Yet even here wo 
have many special features in cell structure and cell arrangement that 
may be advantageous to the systematist, and it is to be hoped that my 
endeavours to keep certain groups intact may not be wholly illusory. 

With regard to the second and third divisions of my Report, a few 
words will, I think, suffice for the general student at least. At the 
present time it is almost impossible to obtain a copy of the works, or 
even lists of the species, alluded to or described by many very successful 
labourers in my own special line of research, and, even if it were possible, 
the descriptive text is as a matter of course found only in books published 
in the mother tongue of the describers. Thus we have works on Fossil 
Polyzoa published in the Swedish, Dutch, German, Italian, and French 
languages, bub very few, until quite recently, in the English. I now 
reproduce, for the benefit of others, these almost inaccessible treasures, and 
for the first time, I believe, have furnished to the palfBontologist, if not 
complete, very nearly complete lists of all known Polyzoan forms, from the 
Upper Cretaceous epochs to the latest of the Glacial beds of Scotland. 

It may be well to address a few words to special workers on this 
group. I shall be glad to exchange material from Silurian, Carboniferous, 
Jurassic, and Miocene beds of North Italy, for material from any horizon, 
not so much for the purpose of the mere possession of forms, but for the 
higher purpose of making a critical examination of the whole of our 
Fossil Polyzoa. In the exchanges—^if any follow my request—I shall 
regard of greater importance fewer forms if the strata whence obtained arc 
carefully noted. In the work on which I am engaged it will be evident 
to all that specimens indifferently selected, or whose horizon is unknown, 
are of but small value in a paleeontological study like the present onc.‘^ 


Sub-order I. Cheilostosiata, Busk. 
Family I. Aeteioj:. 

Aetea, Lamouroux, 


Family II. 

Eugbatea, Lamouroux. 
GekeCiIiABIA, Savigny. 
SCBXJPABIA, Hincks. 

Family III. 
CELLunABXA, Pallas. 
Menibea, Lamouroux. 

Family lY. 
Bioellaeia, Blainville- 
Bugula, Oken. 


Eitcratiid^. 

Huxlbya, Dyster, 

Brettia, „ 

CELLTJIiARllDiE. 

Sorupocellaria, Yan Beneden. 
Cabebea, Lamouroux. 

BiCELLARIIDie. ' 

Beania, Johnston. 


* Hincks, eit pp, exxi. and cxxii. 

» Address, B. Tine, Attercliffe, Bheffield. 
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[Family V. IToTAMiiDjE. 

Notamia, Fleming. 

Family YT. CELLARiiDJi:. 
Cellaeia, Lamonroux (part). 

Family YII. FLUSTEiDiE. 
Flustea, Linnesns. 

Family YIII. Membranipoeidji. 
Membeanipoea, Blainville. Megapoea, Hincks. 


Family IX. Miceopoeid^. 
Migeopoea, Gray. Setosella, Hincks. 

Steganopoeella, Smitfc. 


Family X. CRiBEiLiNlDJi:. 

Ceibeilina, Gray. Membeaniporella, Smitt (part). 

Family XI. Micropoeellid2E. 

Mioeopoeeela, Hincks. Choeizopop^, Hincks. 

DtPOiiULA, Hincks.^ 


Family XII. Porinidji, D’Orb. (part). 

PoEiNA, D’Orbigny. Lagenipoea, Hincks. 

Anaetheopoea, Smitt (part). Oellepoeella, Gray. 

Family XIII, Myriozoid.®. 

ScHizopoEELiiA, Hincks. ScHizOTHEOA, Hincks. 

Mastigophoea, Hincks. Hippothoa, Lamouroux. 

Ehynohopora, Hincks. 


Family XIY. 

Lepealia, Joknston (part), 
Umbonula, Hincks. 

PoEELLA, Gray. 

Eschaeoibes, Smitt, 

Smittia, Hincks. 


Eschaeidji. 

Phylactella, Hincks. 
Muceonelba, „ 
PAiiMiCELLARiA, Alder. 
Retepoea, Imperato. 


Family XY. OELXEPORiDiE. 
Oellepoea, Fabricins (part). 


Sub-order II. CyoloStomata, Busk. 

Family I. Ceisiim. 

Crisia, Lamouroux (part). 

Family H. TuBXJiiiPORiDiE. 

Stomatopoba, Broun. Entalophoea, Lamouroux. 

Tubulipoea, Lamarck. Diastopoea, Lamx. (part). 

Ibmonea, Lamouroux* 

* In the body of the work I have inserted from his writings on Foreign Oheilo-' 
stomata, Ann, Macf, another family—MoNOPOEELiiiDiE—founded by Mn 

Hincks. In this family, in the genus Mom^oreXkb^ seven fossil species are described* 
by Mr. Waters. 

H2 
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Pamily III. HoRKEiiiDis. 

Hornkra, Lamoiiroux, 

Family IV. LiGHEXOPORiDiS. 
LiCiiENOrORA, Defrance. Domopora, D'Orbigny. 


Class POLTZOA. 

= Brtozoa, Ehrenberg, Renss, Roemer, Marzoni, Waters, <fcc, 

= Bnjozoa in part of American writers on Palaeozoic Polyzoa. 

Sab-class Holobranchia, E. Ray Lankester. Group a. Ectoprocta, 

Nitsche. 

Order Gymnolemata, Allman. 

PoLTPTARiA Infijndjbulata, Gervais, ^ Ann. cles. Sc, Nat.’ 1837. 

Polyzoa Inpunbibulata, Bask, ‘Brit. Mas. Catalogue.’ 

Sub-order, Cheilostomata, Busk. 

= Celleporina, Elirenberg. 

‘ Orifice of the zooecium closed by a movable opercular valve. Ova 
usually matured in external marsupia (ova-cells). Avicularia and vibi’a- 
cula (appendicular organs), frequently present.’—Hincks’ ‘ Brit. Mar. 
Polyzoa,’ vol. i. p. cxxxvi. 

Family I. AETEiDiB, Hincks, Smitt. 

In Mr. Busk’s classification wbicb prefaces the ‘ Crag Polyzoa ’ Mono¬ 
graph, published in 1859, the genus Aetea is one of the genera of the 
group Hipioothoiclce, But Smitt and also Hincks place the species of 
Aetea in a family by themselves. Mr. A. W. Waters says,^ " the difficulty 
is very great as to the position of Aetea^ as it has relationships with tlio 
Glieilostomata, and also with Gtenostomata^ in having a collar, as seen in 
the Naples specimens, and Yvhich Smitt pointed out in 1807; and 
whether it will have to be placed in a new sub-order— Stolonata^ Caras, or 
Siolonifera, Ehlers—is yet problematic.’ Mr. Hincks, however (op. cit, p. 
2), admitting that the AeteidcB constitute a peculiar group, agrees ‘ with 
Smitt in ranking them as a family distinguished by the Gtenostomatous 
cast of its structure. On the other hand, it must be noted that they are 
allied to Bucratea through the character of the polypide and in some 
other points.’ 

The family contains a single genus, and so far as my knowledge goes 
I have but few notices of fossil species; nevertheless, in making a full 
record of the whole of the fossil Polyzoa, it appears to me unwise to pass 
over those genera of which we have few fossil representatives, especially 
as one of the objects of this Report is to furnish the student with as full 
.a list of synonyms, both of genera and species, as the means at my disposal 
will allow. 

* * Bryozoa of the Bay of Haple^,’ Jifaj, Xat February 1879. 
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Genus Aetea, Lamonroux. 

1812. Aetea, Lamx, Busk, Smith. 1812. Angiiinaria, Lamk (witli- 
ont character), Johnston. 1815. Falcaria, /3, Oken. Cercaripora (for 
Aetea tnmcata, Fischer, 

Generic character. Zooecla calcareous, tubular, erect, with a mem- 
branous area on one side ; distributed along a more or less adherent, 
creeping fibre, dilated at intervals; orifice terminal. Oooeia none. 
Hincks (op, cit. p. 3). 

Mr. A. W. "Waters (‘ Bryozoa ITap.’ op, cit. 1879, p. 115) says : * I liB.ve 
noticed in the Brit. Mus. Collection that the Aeteidce dissolved the shells 
on which they grow, and thus a permanent record is left. It is known 
that several Bryozoa have this power; and the idea suggests itself that 
some of the phenomena mentioned by Fischer ^ are of this kind, and it 
may not be useless to point out that in many cases it is impossible to 
distinguish fossil Aetea from Hippotlioa,'* I am glad to give currency to 
these hints, because in the Palaeozoic rocks of Cincinnati there is a 
species described by E. 0. Ulrich, which he named Bopalonaria venosa, 
Ulrich, which the author describes as being related to Rippothoa (which 
I question) ‘but in the form and arrangement of the cells they differ 
widely’ (‘Cin. Soc. ISTat. Hist. Ap.’ 1879;. I have in my possession a 
specimen of this species incrusting the Coral Streptelasma corniouhm, 
Hall, and wherever the cells are broken the former existence of the 
fossil may be traced by the method of ‘ dissolving ’ referred to by 
Mr. Waters. Two species of Aetea are recorded by Mauzoni:— 

1. Aetea keota, Hincks=? i^. sica. Conch: ’Msiuzoni ^ Rippoflioa 

ska, Couch? (See Hincks’s note, p. 7, ‘Brit. Mar. Pol.’) = 
Stomatopora gallica, D’Orb., ‘Pal. Fran^. Terr. Cret.’ v. 836= 
A, sica, Herman, ‘Quart. Jour. Micr. Soc.’ n. s. viii. 216= 
A, anguina, B, forma recta, Smitt (see ref. in Hincks) = A sica, 
Couch, Manzoui, ‘ Castrocaro,’ p. 6, pi, vii. fig. 69/-^ 

2. Aetea anguina, Hincks (Busk, Heller, Smith, Herman). A, an^ 

gnina, Hincks. (Manzoni, ‘ Castrocaro,’ p. 6, pi. vii., pi, vi. 
fig. 70.) 

Both these species are described as ‘ frequent' by Manzoni at Castro- 
caro, and also living. 

A long list of synonyms of this species is given by Hincks, ‘ Brit. 
Mar. Pol.’ p. 4. 

Family II. EucEATnD.aE, Hincks. 

This family embraces the genera Eucratea, Lamx.; Gemellaria, Savigny; 
Scrupdria, Hincks; Rnxleya, Dyster, and Bretiia, Dyster, and the Tvhole 
of the Family Gemellarieji, Busk, except the anomalous genus Notamia 
(Bimetopia and OalwelUa), Didymia is distinguished by a different 
type of cell. 

Genus Eucratea, Lamx., 1812. 

1812. Rucratea, Lamx., Johnston, Smitt. 1813. Scrupana, Oken, 
Busk ; Serttdaria, (pt.) Linn.; Oellularia, (pt.) Pallas ; Gellaria, (pt.) Ellis 
and Sol. 1830. Unicellaria, (pt.) Blainv, 1850. Gatenaria, (pt.) D’Orb. 

^ JfypopJioreUa expanse, ‘Fin Boitr. ziir Kenntn. der minirenden Bryozoen, 
von Ehlers, Ivon. Gesellsch. d. Wissensch. Gottingen, 1867. 

® Alecto piaranta, Heller: Manzoni in Index to Plates, p, 63, ‘ Castrocaro.* 
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Genus Gemellaria, Saviguy, 1811. 

Oemellana, Yan Ben., Johnston, D’Orbigny ; Busk, ‘‘Brit. Mus. Cab.’; 
Smitt. 1815. Bonifaria, Oken. 1820. Seinicellarico, Blainv. Lon-^ 
caria, Lamx., and Orisia, sp. Lamx. 1828. JSfotamia, Flem. 1830. Lori • 
cula, Cuvier. 

ISTeitlier these nor the other genera accepted by Hincks contain, so far 
as I am aware, fossil species. 

Bamily IIL CELiULAEiiDJi], Busk, ‘Brit. Mus. Cat.’ 

Gellularidce, (part) Johnston; Cellulariadce and Gabereadce, Busk, 
Brit. Mus. Cat.; Gellulariece, (part) Smitt. 

‘ ZocBciay in two or more seines, closely united and ranged in the same 
plane; avicularia and vibracula, or avicularia only, almost universally 
present, sessile. Zoarium erect, dichotomously branched.’—Hincks, op, 
cit, p. 30. 

Genus Oellularia, Pallas. 

‘ Zoarium jointed. Zooscia in two or three series, many in each intoiv 
node, contiguous; dorsal surface perforated. Avicularia and vibracula 
usually wanting: occasionally an avicularium on a few of the cells in an 
internode.’—Hincks, op, cit p. 33. 

Ibid, Busk, Smitt, part; Bugula, part Gray. 

3. Cellulaeia Peaohit, Busk (See Hincks, p. 34, vol.i. pi. v. figs, 2-5, 
vol. ii. 1880) =:0. neritina var., Johnst. ‘Brit. Zoop.’ p. 840= 
Bugula neretina^ var. &, a, c, d, e, ‘Brit. Mus. Oat.’ 

This is the only recent British species of this genus. Mr. Hincks says 
that in some points of the structure there is an approach to the genus 
Nellia, Busk, op, cit p. 35. 

4 Oelltjlaeta Peachii, Busk, ‘ Cat. West Scotch Pos.’ p. 134, ed. 187G. 

This form is present in minute fragments in the Garvel Park beds, 
hut the form difiers slightly in the shape of the cells—less elongated— 
from recent forms. In the Miocene Beds of Montecchio, North Italy, 
there are small fragments of a form similar to the Garvel Park specimens, 
but I cannot satisfy myself that these are really allied to Odhdaria as 
here defined, 

Post-Tertiary formation; Scottish Glacial beds, Garvel Park. 
(?) Miocene: Montecchio Maggiore beds, North Italy. 

Genus Menipea, Lamx. 

1812. Ibid. Lamx. and part Grisia, Lamx.; Ilenipea, Lamx,, Busk, 
Wyville Thomson; Tricellaria, Flem.; Cellularia^ (pa^rt) Johnst,, Smitt. 
1849. Gellarma^ (part) Yan Ben.; Emma, Gray, Busk. 

‘ Zomcia oblong, widest above, attenuated and often elongated down^ 
wards; imperforate behind, with a sessile lateral avicularium (often 
wanting), a^d usually one or two avicularia on the front of the cell.’ No 
vibracnla. Zoarium jointed.—Hincks, op, cit p, 36. 

The type of the genus is M, cirraia, Lamx., a large species with six 
cells in the internode, and is described as found in the Indian Ocean, and 
also in the Mediterranean Sea. The genus has a wide geographical 
range, but I find hardly any records of the existence of fossil species. 
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One of the two Britisli recent examples is II, Jeffreysii^ Norman, and of 
this minute fragments only were obtained in the Shetland dredgings 
by Mr. Jeffreys and Mr, Norman, particnlars of which are given in 
former reports by these authors. 

5. Menipea tbknata, Ell. & Sol., Tar. Norman (?) = Gellaria ibid., 

Ell. & Sol. (See Hincks, p. 38). 

Post-Pliocene : Glacial beds, Garvel Park. 

The fragments found in the Garvel Park beds are very minute. ^ Cat. 
West Scot. Eoss. 1876.’ 

6. Menipea innocxja, Waters. ‘The front surface corresponds very 

much with M, Jeffreysii^ Norman, but the dorsal surface is 
different.’—Waters, ‘Quart. Jour. Geol. Soc.’ vol. xxxviii. 
p. 261, pi. ix. f. 24. 

Miocene: Mt. Gambier, South Australia. 

Genus Scrupocellaeta, Yan Beneden. 

Bicellaria sp., Blainv. ; Gellaria sp., Johnst. & Smitt; Gellaria sp., 
Ellis & Sol., Lamk.; Soruparia sp., Oken; Ganda sp., Busk. 

^ Zoarium^ jointed. Zooecia numerous in each internode, rhomboid; 
aperture with or without an operculum; a sessile avicularium placed 
laterally at the upper and outer angle, and a vibraculum in a bend or 
sinus on the lower part of the dorsal surface; frequently an avicularium 
on the front of the cell.’—Hincks, p. 43, 02 :?. cit, 

Post-Glacial deposits; Coralline Crag. 

7. ScRUPOCELLARiA SCRUPOSA, Linn.; Yau Ben., 3usk=sBicellaria ibid. 

Bl&mY.^Gellularia ibid. Waters. 

8. ScRiJPOOELLARiA ELLiPTiOA, Reuss (range in time from recent to 

Up. OligocQJiG)=^Bactridmm ellipticum, Beuss, ‘Foss. Bry. Ost.- 
-ang&v,^=^Bactridimi elUpUcum^'RexisSf ‘Pal. Stud. Alt. Tert. Alp.’ 
^Ganda elliptica, D'Orb., ‘Pal. Fran^.’v. p. Z72=:Bactndium 
granulifermi, Beuss ‘ Ost.-ung.’p. bQ^Ganda granuliferay D’Orb. 
‘ Pal. Fran 9 .’ v, p. 332 = Ganda go‘an7difem, Beuss, ‘ Foss, 
Fauna Stcinsalz ’ = Bicellaria gramdifera, Beuss, ‘ Zeits. 
Deutsch., &c.’— Scrupocellaria imrmis^ Norman, ‘Quart. Jour. 
Micr. Soc.’ n. s. viii. 215, 1868. 

0. SORUPOCELLAPJA Hagenouii, Beuss, Miocene = Bactridium ibid. 

10. ScRUPOCELLARiA SCHIZOSTOMA, Beuss. Miocene = Bactridmm ibid. 

‘ Osb.-ungar.’ p. b6=Ganda schizostoina, JD’Orb. ‘Pal. Fran^.’ 
V, p. 332. 

11. ScRUPOCELXiARiA SCABRA, Yan Ben. (Glacial deposits, Scot. 

Miocene, Australia). For synon. see Hincks ‘ Brit. Mar. PoL’ 
p. 48; Waters, ‘ Quart. Jour. Geol. Soc,’ vol. xxxix. 

12. SCRUPOOELLARIA EEPTANS, Linn. 

13. ScRUPOCELLARiA SCABRA, Yan Ben. Glacial deposits, Scot.: Dun- 

troon, Paisley. 

14. SCRUPOCELLARIA SCABRA, var. Ei^ONGATA, Smitt. Glacial deposits, 

Scot.: Gai’vel Pai*k., 

15. SCRUPOCELLARIA (Oanua) fossilis, Waters. Mt, Gambier, Australia. 

Waters, ‘ Quart. Jouiv Geol. Soc.’ vol. xxxvii. p. 322; ‘ near 
Ganda araclmoides^ Lamx/—^Waters. 

Mr. Waters, in other papers, cites different localities. 

The identification of fossil Scmpoeellariw is difficult, because^ the 
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fragments of species being minute, the characters have to be made out 
very cautiously. 

Genus Cadeeea, Latnouroux. 

=iCelIaria sp., LaniTc.; Fhisfra sp., Flem., Johnst.; Selhla, Gray; 

Fhhellaria^ Gray; Gaoicla sp., D'Orb. 

‘ Zoarium not articulated. Zoacia in two or more series, sub- 
quadrangular or ovate, with a very large aperture. Sessile avicularia on 
the side and front of the cells, the lateral avicularium minute. Yibra- 
cular cells very large, placed in two rows, stretching obliquely downwards 
across the back of tlie Zocecia, which they almost cover, to the median 
line, notched above and traversed through a great portion of their length 
by a shallow groove. Sette usually toothed on one side.’—Hincks, 

‘ Mar. Polyz.’ p. 57. 

Fossil Gaherea are, like the Scniimcellaria previously described, also 
difficult of specific identification ; but the genera being so cosmopolitan, it 
would be surprising indeed if fragments were not distinguishable. The 
size of the vibracula is one of the peculiar features of Gaherea, and tiio 
many characters of the genus given by Mr. Hincks ought io make the 
study of species peculiarly attractive. But much of our knowledge 
concerning fossil forms is furnished by Mr. A. W. Waters in his series of 
Papers on Australian Bryozoa. Even he, however, has had to depend in 
one instance on a single^ row of cells, while in others the ‘ opercula/ and 
the large erect avicularium have helped in the determination of specific 
forms. 

16. Cabeeea Ellisti, Fleming (Hincks, p. 59.) ^ Flmtra ibid., 

Flem.; F, sefacea, Flem., Johnst.; Oelkdaria Ilooheri, part, 

Johnst.; BiceUaria JEooJceri, Blainv.; Go.herea llooheri, Busk, 

Gosse; Flabellaria seiacea. Gray. Glacial and Palseolithic. 

17. Cabebea Boeti, Audouin, Waters = Grisia Boryi, And. = Selhla 

^elanica, Gaherea ibid., Gray, Busk; Gaherea Boryi = 0. 

pafagomca, Bxxsk^GandaBoryi, D'Orb, ‘ Pah’; Glacial, British ; 

Miocene, Australia. 

18. Cabeeea liuuis (?), Busk. Glacial, British; Australia, Miocene. 

Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxvii., vol. xxxviii. 

19. Cabeeea geakdis, Hincks. Glacial, British: Australia, Miocene. 

Waters. 

20. Cabeeea lata, Busk. Australia, Tert. Poly. Etheridge, jun., 

‘ Sjmopsis.’ 

Family lY. Bicellaehdj:, Busk, Smitt. 

Genus Bicellaeia, Blainville. 

In his remarks on the family Bicellaeiibu Mr. Hincks says: * The 
zoarimt assumes two very different and strongly contrasted conditions 
within the limits of this family; and it is only after carefully examinino* 
the entire series of forms included in it that we recognise the close 
affinity of such divergent genera as BiceUaria and Bugula, The two are 
^nnected and linked together by the genus JBugula and the genus 
Bmchoris, of which latter we have no representatives on our coast,’— 
* ^Q*r. Poh’ 64, We have no fossil BiceUaria, and only one, I believe, 

of Bugula, 
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Genns Bugula, Okeu. 

There has been a variety of names for species of this ^enns, the most 
distinctive of which aro Oniithopora and Ornithoporina, D'Orb. ‘ Pal. Fr./ 
and AchamarcMs, Lamx. 

^ Zoarium erect, phytoid. Zocccia boat-shaped or subqnadrangular, 
elongate, united in two or more series; aperture occupying a large pro¬ 
portion (occasionally the whole) of the front, not turned upwards or 
oblique. Avicularia in the form of a bird’s head, pedunculate and 
jointed, usually one on each cell.’—Hincks, ‘Brit. Mar. Pol.’ p. 73, and 
for synonyms, &c. 

21. Bugula turbinata, Alder. = Cellularia avicidaria, Pallas. Scotch 
Glacial beds, Duntroon. 

Genus Beania, Johnston. 

ITo fossil representatives known to me. 

Family Y. NotamtidjE, Hincks. 

Genus Notamta, Fleming. 

Ho fossil representatives known to me. 

Family YI. Flusteidj:, Smitt. 

In the placement of this family I have put it before rather than after 
Cellarudje— Fam. YI, of Hincks—more for convenience sake than for 
the desire of alteration by any suggestive change. The Flustrid.^ is 
Fam. YII. of Hincks, but as my real work upon fossil species will begin 
with the Cellariid.®, and as I have no record of fossil forms which 
belong to this family consisting of a single genus, Flnstra^ Linn., I wished 
to prevent a further break in what will follow. 


(Catetsicellim, Busk—‘ Crag Polyzoa.’) 

Mr. A. W, Waters, in his papers on ‘ Australian Fossil Bryozoa,’ has 
given a list, with details and descriptions, of sixteen species of fossil 
Gaienicella^ but as the classificatory position of this group is not as yet 
decided upon, I can do no more than give the names of the various 
species and then refer the reader to the papers of the author, already 
fully referred to in this Report. In the paper on ‘Fossil Bryozoa,’ &c., 
‘ Quart. Jour. Geol. Soc.’ 1883, Mr. Waters has given diagrams of the 
‘globolus’ of Gatenicella and the names of the various morphological 
structures. The following are the species of Mr. Waters which he 
considers as new:— 


1. 

Gatenicella 

CRIBRIFORHIS, 

! 10. 

Gatenicella alata, Thomson. 



Waters. 

1 11. 

5> 

Harveti, „ 

2. 


FLEXUOSA, „ 

12. 


ELEGANS, Busk; 

3. 

?? 

MARGINATA, „ 

13. 

J? 

„ var.Busivii, 

4 

5 J 

AMPLA, „ 



Tbom. 

5. 


SOLI0A, „ 

14. 


TENTRIOOSA, Busk. 

6. 


INTEBNOBIA, „ 

15. 


HASTATA, „ 

7. 


L.®VIGATA, „ 

1C. 

>9 

TAUBINA, „ 

8. 


LONGICOLLIS, „ 




9. 


CIRCUMCIKCTA, „ 
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^Family YII. CELLARiiDiE, Hincks. 

= SALiC0RNArviAD.E, Busk; and Reuss (pai^t) ; ? YiNOUhAPJADA'^, Busk; 

CELLARIEiE, Smitfc. 

‘ Zooecia usually rliomkoidal or kexangular, disposed in series round 
an imaginary axis, so as to form cylindrical shoots, Zoariam erect, 
calcareous, dichotomously branched.’ 

In this diagnosis Mr. Hincks (op. oit p. lOB) says; ^ I have not 
included the jointed condition of the zoarium, as it must be accounted 
more than doubtful whether this chai'actor is of sufficient importance to 
warrant the relegation of such closely allied forms as Cellaria and 
Yinmlaria, Defrance, to different family groups.’ .... In a portion of 
his work (‘Ann. Mag. Nat. Hist.’ Feb. 1881, p. 155), ‘Contributions 
towards a General History of the Marine Polyzoa,’ Mr. Hincks appro¬ 
priates the genus Vinmlcuria, Defrance, in part, as a genus of the family 
Microporim —referred to further on—remarking onVincularia ahjsfficola, 
Smitt, that the ‘Zooecial character of this generic typo’ is ‘essentially 
Membraniporidan.’ Acting upon this hint, and in accordance wntli the 
general thoroughness of his work, Mr. Waters, in several of his suggested 
changes of generic names, places many forms, which other authors 
may regard as Vincularia, among the Meinhmnipora, with the remark, 

‘ Yincularia formaJ As the name is likely to linger in our listvS, but 
without any genuine generic fixity—or, in other words, without generic 
meaning in Mr. Hincks’s classification—it may be as well to give as full 
a history of the fossil group as possible under present circumstances. 

Defrance says (‘ Diet. d. So. Nat.’ tome 58, p. 214) : ‘We have given 
the generic name of Ymculana to little quadrangular bodies which aro 
scarcely the size of a horse-hair, and which we find in a layer of the 
Calcaire Grossier (« our Bracklesham beds) in the environs of Paris. 
They are two or three lines long, but they are not obtained perfect to 
their terminations. . . . They have small grains on the four sides of the 
little cells, the end one of which seems to be a sort of verj’- small hole.’ 
Defrance gives several localities where the genus has been found, but one 
particular form which he names F. fragills is briefly described and 
figured in the ‘ Yilnes du Mus.,’ and the author infers that his YhiaiJarla 
may have had some relationship to Flmira (? F. fistulosa^ Linn., ‘Fauna 
Buec,’ ii, 2234), which Hincks gives as a synonym of Gdlaria 
LinniBus. 

The next considerable addition to our knowledge of so-called Yinou^ 
laria^in this country, at least—is furnished by M‘Coy C Garb. Foss, of 
Irel.’ 1844). M‘Coy says he accepts the genus of Defrance ‘for those 
species without lateral branches, and having more than two rows of 
pores. I have not separated those specimens which have the pores all 
round from those having them on one side only, as it seemed impossible 
to separate generically such species as Y, ^aralhla (Flustra ? jparaUela^ 
Phillips) from F. rancosta, M‘Ooy.’ Since M‘Coy wrote the above the 
species have again had to submit to changes, but both the species of 
Yincularia given by him were transposed to D’Orbigny’s genus Bulco^ 
retepora, 

M. d’Eichwald, in his ‘Palaeontology of Russia/ as, well, I believe, 
as m his other writings, adopts Defrance’s genus Yinmtaria, and he gives 
Qlamomme^ (part) Munster, as a synonym. He describes several new 
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species— V, mtcncata, ornata^ and raripora, Tbrough. the kindness of 
Prof. Perd. Roeiner, of Breslau, I have received tracings and descriptions 
of D’Eichwald’s species. The author says that ‘ the Polyzoary is micro¬ 
scopically cylindrical or angular, with from four to twenty corners, fixed 
by the base, simple or ramose, and that the branches are of the same as 
the principal stem. The genus is rarely found in the Greywacke, in the 
Carboniferous limestone, and is more frequent in the Cretaceous and 
Tertiary strata/ ^ Yincularia muricata is very much like M'Ooy^s 
F. megastoma^ and F. ornata appears to be the more perfect form of 
F. muricata —all allied to, if not identical with, BJiahdomeson (Millepora) 
gracile, Phillips. F. raripora, D’Eich., is different from the others, but 
the horizon (Carboniferous) is the same. The author says: ‘ This very 
graceful polyzooii is in fragments of two lines long by a quarter of a line 
in width. It is cylindrical, bi- and tri-furcating. The cells elongate, 
oval, rather deep, almost fiat; there are fi*om three to four in a trans¬ 
verse row, separated from each other by a sufficiently wide space, which is 
sometimes of the width of the cells themselves/ I know of no British 
Carboniferous fossil that would answer wholly the description of 
D’Eichwald. In the peculiar mode of branching and bifurcating the 
nearest approach to it is the Ilypliasmopora oi Mr. Robert Etheridge, jun., 
but in this fossil there are so many peculiar features that, if these had 
been seen by D’Eichwald, he would have directed attention to them. 

In his various writings Dr. A. E. Reuss adopts the genus Yincularia, 
Defrance, for certain forms having a peculiar ‘ Escharidean character,’ and 
one characteristic of Yincularia, of Reuss, is that the cells are arranged 
round *an imaginary central axis’; but Dr. Reuss honestly states 
(‘PalsBon. Stud,’) that he is unable to distinguish between Yincularia 
and the JSscharidce, 

As, however, other authors may have some doubts about the Cellariidce 
character of some of the species of Yincularia of the Cretaceous and 
Tertiary epochs described by Hagenow and Reuss, I shall for the present 
keep the genus distinct, placing against the described forms those 
synonyms which seem to be the most likely to he correct, or otherwise 
giving the references and restrictions furnished by the authoi’s them¬ 
selves. Mr. Hincks, however, upon reconsideration, suppresses the name 
Yincularia as a distinct genus for recent species. I merely retain the 
name for fossil species for the convenience of future workers, and because 
many of the forms described are not in my cabinet. 

Genus Vincularta, Defr. = Glaucojiome, (part) Goldfuss. 

Division IJECEOtiATA, Hagenow. 

Maestricht Beds. 

22. ViNCunABiA ABEOLATA, Hagenow, Tab. VI. fig- 12, ‘Die Bryozeen 

der Mastrich. &c.’ 1851. 

23. ViNCULABU BELLA, Hagenow, Tab. VI. fig. 13, ‘Die Bryozeen 

der Mastrich, &c.’ 1851. 

24. ViNCLLABiA CANALiFEBA, Hagenow, Tab. VI. fig. 14, ‘DieBryozeen 

der Mastrich. &c.’ 1851. 

25. ViNCULABU BBOCEBA, Hagenow, Tab. VI. fig. 15, ‘Die Bryozeen 

der Mastrich. &o.’ 1851. 

26.. ViNCuLABiA Goldfussix, Hagenow, Tab., VI. fig. 15==<7eZton® 
ibid., Hag. 


^ iMlhma emiC0, pi. 2. 
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Miocene. 

27. ViNCULARiA cucuLLATA, Beuss, loo, cit. p. 60, ‘ Foss. Bry. Osfc.-inigar.’ 

fp. 72, JEscliara costaia)'^ JEschora Hevssf, Stol. (Bss. ‘Faun. 

deutsch. Oberoligociin.’ ii. p. 36); Vinoularia UaidivgeTi, Bss. 

(‘Pal. Stud. Alt. Tert. Alp.’ ii.). 

28. ViNCULARIA BINOTATA, BeuSS. 

29. ViNCULAEiA GEOMETRiCA, Beuss, pi. 33, fig. 16, ‘ Pal. stud. Alt. 

Tert. Alp.’ 

30. ViNCCJiiARiA EXARATA, Beuss, pi. 34, fig. 1 = Cellarui ibid., ‘Pal, 

Stud. Alt. Tert. Alps.’ 

31. ViNCULARiA IMPRESSA, Beuss, pi. 34, fig. 2, ‘ Pal. Stud. Alt. Tert. 

Alp.’ 

Lower Oligocene. 

32. ViNCULARiA ESCHARELLA, Boemer, Tab. I. fig. 1, ‘Polypar. Kovd- 

deutscli. Tert. Gebirgs.’ 

33. ViNCULARiA PORiNA, Boemer, Tab, I. fig. 2. (The other species of 

Boemer are referred to Goldfnss’s types.) 

Genus Cellaria, (part) Lamouroux. 

Cellaria^ (part) Solander, Lamouroux; Salic or 71 aria, Cuvier, Busk; 

Farcimia, Fleming; Salicornia, Schwoigger. 

‘ Zoarlum jointed at intervals, tlie internodes connected by flexible 
horny tubes. Zooecia depressed in front and surrounded by a raised 
border, disposed in quincunx. Avicularia immersed, irregularly dis¬ 
tributed, situated above a cell or occupying the place of one. Omia 
immersed.’—Hincks, op. cit. p. 104. 

‘ The genus Gellaria reaches back as far as the Cretaceous epoch at least, 
-dui’ing which they formed a very small group, -while at the same period a 
large number of the allied group Vincularia flourished .... and the 
genus ranges from shallow to very deep water. Sir Wyville Thomson 
found forms referable to the family which were obtained during the “Chal¬ 
lenger’^ voyage at depths between 2,000 and 3,000 fathoms.’—p. 106. 

Mr. A, W. Waters, in the first of his very valuable contributions' on 
the Fossil Bryozoa of Australia, gives some vei-y technical points which 
came out in a rather prolonged study of recent Cellaria, and confirmed 
by bim in the closer study of fossil forms. As some of his observations 
will be of extreme value as a check in the creation of now species out of 
forms belonging to one or other of the few known t^ypes, it may bo 
well to reproduce some of his remarks, especially as Mr. Waters has 
been compelled to found at least two new species in the course of his 
investigations. 

Mr. Waters says: ‘The shape of the cell is so variable that it is 
perfectly useless as a character .... then the bordering rim, which is 
a character of 0. Jolmsoni, Busk, is sometimes found on one part of a 
colony of G. fistulosa and absent in other parts; next I found the shape 
of the ovicellular opening equally unsatisfactory—for in most undoubted 
specimens of G.fiskdosa from INTaples it occurs in some cells as a minute 
orbicular opening, then it is elongate oval, and in other apparently 
older ovicells a broad semicircular line is formed, which changes to 
a transversely oval opening, resembling that figured by Hincks as a 

' Quart. Jpun ^eol. ISoe. August 1881, pp, 310, 320. 
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cli'araoter o£ 0. sinuosa* In the same specimen, before any ovicolls are 
formed, the aperture is very near the top of the zocBcium; but afterwards 
its position is near the centre. Having found the position of the aperture, 
the shape of the ovarian opening, the shape of the zocecium and of the 
bordering rim unsatisfactory characters, there only remained the avica- 
laria ; and in all the specimens I have examined I have found one form 
constant. The 0. fistulosa from the Mediterranean has its rounded 
avicularium above the zooecium ; the G. slniiosa has a diagonal avicularium 
pointed downwards, with the lower part raised; the 0. Johnsoyii, from 
Rafallo, Italy, and Hew Guinea, has a zocecial avicularium with a project¬ 
ing hood above, as figured by Hincks. I find my observations on the recent 
species entirely confirmed by the examination of a large number of fossil 
forms.’ It is very evident from this, that of the whole of the synonyms 
given below from Reuss and others, many still merit re-examination, and 
it must be remembered that in giving them from these respected authors, 
I give them upon their authority only. Of course Mr. Waters’s synonyms 
may be taken as evidence of work along the lines which he himself has 
laid down. 

34. Cellaeia fistulosa, Linn.,Hincks, ‘ Brit.Mar.Polyz.Reuss, ‘Foss. 
Bry. Ost.-ungar.’ ? = SaUcomana farciminoides, Johnst., Busk, 
Reuss (for other recent forms as synonyms see Hincks, p. 146) 
= S. farciminoides, Stoliczka, ‘ Foss. Bry. Tert.’ Griinsand, 
Orakei Bay = Glauconome marginata, Miinst., Goldf. ‘ Petrefac. 
Gei'm.’ p. 100 = Gellaria marginata, Renss, ‘ Wien. Tertiar.’ 
p. 59 = Salicormria marginata, Stol. Zoc. cit» p. 150 = Vincu- 
laria marginata, Roem. ‘Pol. d. Horddeutsoh. Tert.’ p. 105 = 
Vincidaria suhmarginata, D’Orb. ‘ Pal, Fr.’ v. p. 60 = Vincnlaria 
B&iissi, D’Orb. ‘ Pal. Fr.* v. p. 60 = Tincularia Beiissi, D’Orb. 
‘Pal. Fr.’ V. p. Qla^iconome rliomhifera, Miinst., Goldf. 

‘ Petrefac.’ p. 100 = Salicornaria rJiomhifera, Reuss, ‘ Fauna 
deutsch.’ ii. p. 15 = Gellaria ojfinis, Reuss, ‘ Sitzungsber. alt. 
Wiss.’ 1855, p. 259 = Yincnlaria rhomhifera, Roem. Zoc. cit 6 
= Salicornaria crassa, S. W. ‘ Ann. Mag. Hat. Hist.’ xiii. p. 7 
= Salicornaria crassa, Busk, ‘ Crag Pol.’ p. 22. 

Localities. —Living, widely distributed. Fossil: Mount Gambier, 
common; and also from the Pliocene and Miocene of Europe. ‘But as 
we cannot be quite sure of the descriptions of Reuss and others, that 
SaUcomana jarciminoides does not include other species, it is best to 
refrain from giving localities.’—^Waters. 

35- Cellabia malvxnensis, Busk = Salicornaria ibid., Busk, ‘Mar. 
Poly.’ p, xviii. pi. Ixiii. figs. 1, 2 = Gellaria ibid., Waters, 
Bryoz. S. 'Victoria, ‘ Quart. Jour. Geol. Soc.’ vol. xxxvii. p. 321, 
pL xiv. fig. 3. 

Localities. —Living; Falkland Island, South Patagonia (Darwin). 
Fossil: Mount Gambier, 

36. ,Cellaeia ovicellosa, Stol. = Salicornaria ibid., Stol. ‘Foss. Bry. 

Orak.’ p. 151, pi. xx. figs. 9,10 = Gellaria ibid,, Waters, ojg.oit. 
p. 321, pi. xiv. figs. 4, 5, 6; ph xvii. fig. 62. 

Localities. —Orakei Bay, Hew Zealand (Stol.), Mount Garabier- 

37. Gellaria globulosa, Waters, op. cit. p.^ 321, pi. xiv. figs. 16,17. 

Differs from Gellaria (Escbara) aspasia, D’Orb., and also from 
, Melicerita angusiiloha, Busk, which are near allies* ^ 

Localities. —Yarra Tarra, Victoria. 



110 KEPOBT —1884. 

88. Cellapja pebampla, Waters, ‘Quart. Jour. Geol. Soo/ voL 
xxxviii. p* 260. 

Locality. —Mount Gambier. 

39. Cellapja ANGUSTiLOiiA, Busk=MeZiCfin7a ibid., Busk, ‘Qnart. Jour. 

Geol. Soc.’ xvi.p. 261 = Mellceriia ibid., T. Wood, ‘ Geo. Obser. 
South Aust.^ p. 73 = Melicerita ibid., ‘ Boss. Bry. Orak.’ p. 155, 
p. XX. figs. 15, 18 = Gellaria angustilohci^ ‘ Quart. Jour. GeoL 
Soc.* Yol. xxxviii. p, 260, pi. ix. fig. 28, 29, 30. 

Localities. —Mount Gambier (Woods), Orakci Bay (Stol.), Bairns- 
dale, Muddy Creek. 

Related probably (as Gellaria) to Melicerita OliaolesiuortJm, M.-Ed.; 
'Escliarinella elegans, D’Orb,; Membrani^ora stenostomata and Lscliard sp., 
described by Hagenow. 

40. Cellauia siituosa, Hassall (see Hincks, p. 109) = Farcimia ibid, 

Hassall, ‘ Ann. N. vi. 172, pi. vi. figs. 1, 2 = Farcimia spaihu- 
losa, Hassall, ibid. xi. p. 112 = SaHcornaria sinuosa, Jobnst., 
Busk, Alder. = SaHcornaria farciminoides var., Busk, ‘ Brit. Mus. 
Cat.’ =: SaHcornaria farciminoides, ? Manzoni, ‘ Bry. Foss. Ital.’ 
pt. iv. pi. i. fig. 1, 2 (fide Hincks). 

Locality and Mange. —Eng. Crag, Busk; Ital. Pliocene Quaternary, 
Livorno (Manzoni). Hear Mt. Gambier, South Austral. (Rev. J. B. Wood). 

41. Tubuoellarxa ceueoides, Ell. and Sol. (Onchoporq^ Busk) = CeU 

laria Michelini, Reuss, ‘ Boss. Pol. d. W. Tert.’ p. 61, pi. viii. 
figs. 1,2 = Tuhucellaria opuntioides, D’Orb. ‘ Pal. Fr.’ v. p. 336 
= Gellaria MicJielina, Stol. ‘Foss.Bry. Orak. Bay; ’ Reuss, ‘Pal. 
Stud. alt. Tert.’ p. 47; ‘Foss. Fan. Steinsalz.* p. 96. 

Locality. —^Eocene, Grignon; Oligocene, Miocene, many localities in 
Austria and Hungary; Pliocene and Recent Seas. 

Family Till. Membranipoeiuj:, Smitt. 

Gelleporidm, (part) Jobnst.; FltLstrellaridce, (part) D’Orb.; and in part 
Fscharidee, FscliarellinidcB, Flusirellidm and Flectrinidai of D’Orbigny, 
‘ Pal. Fran. T. Cret; ’ Membraniporidee, (part) Busk. 

‘ Zoarium calcareous, or membrano-calcareous, incrusting (and erect). 
Zocecia forming an irregular continuous expansion, or in linear series, 
v/ith raised margins, and more or less membranaceons in front.’—Hincks, 

p. 126. 

The family MEMBRANiPORiDiE represents, says Mr. Hincks, an earlier 
stage of zocecial development as compared with the two which follow— 
the Microporidee and the Gribrilinidm —in that the calcification of the 
cell is always more or less imperfect. In a large proportion of cases the 
whole of the front is merely closed in by a membrane.—Op. cii. p. 126. 

Genus Membranipoea, Blainville. 

Bseliam^ Pallas; Flustra, (part) Linn., Lamarck, Fleming, 

Lamx., Audouin; Discopoo-a, (part) Lamk.; Gellepora, (part) Hagenow, 
Reuss, D’Orbigny (for species with a calcareous lamina) ; Annulipora sp., 
Gonopemn sp., Galloper a sp., and Amphliblestrum sp., Gray; Marg maria 
and Lermatopora sp., Hagenow. 

‘ Zoarium incrusting. Zomcia quincuncial, or irregularly disposed, 
occasionally in linear series; margins raised, front depressed; wholly or 
in part membranaceous-’—^Hincks, p. 128. 
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42. Membranipoea Lacroixii, Audoiiin= Flustrco Lacroixii^ Savigny, 

Eg'ypte, pi. X. fig. 9, Hincks = Fhistra distans^ Hassall, ‘A. 
vii., 1841, p. 369 = Fhcstra Feachii, Couch, ‘ 9th Eep. Cornw. 
Polytech. Soo.’ 81 = Membrani^ora FeacJiii, Couch, ‘ Cornwall 
Fauna,’ iii. 120 = ? Memhraiiipora memhranaceco^ Johnst. ‘ B. Z.’ 
2nd ed. pi. Ivi. fig. 11-12 = Gonopeum reticulum^ Gray, ‘ B. M. 
Bad.’ 108 = Memhranipom Lacromi% ‘ Brit. M. Cat.’ ii. p. 60 
= Membranipora reticxilum^ Eeuss, ^ Foss. Polyp, d. Wiener 
Tertiarbeck.’ 98, pi. xi. fig. 25 = Bifliistra Lacroixii, Smitt, 
‘Flor. Bryoz.’ pi. ii. 18, p. iv. figs. 85, 86. Eeuss gives 
== Membranipora Savartii, Busk, ‘ Crag Pol.’ p. 81. 

Locality and Range .—Coralline and Eed Crag; (part) Mid. Pliocene ; 
Palaeolithic (A. Bell) ; Austro-Hungarian Miocene and Pliocene deposits, 
Vienna Basin (Eeuss) ; Italian Pliocene beds, Yolterra (Manzoni) ; Post- 
Pliocene (Dawson). 

43. Membeanipoea monostachys, ^Brit. Mus. Cat.* ii. 61; ‘Crag 

Poly.’ p. 81, pi. ii. fig. 2 ; Hincks, ‘ Devon Cat. Brit. Mar. 
Polyz.’ p. 131, pi. xvii. fig. 3-4; pi. xviii. fig. l-4i = Fkistm 
d’istans^ Landsb. = ? Flustrellaria pusiulosa, D’Orb. ‘ Pal. Franc. 
Terr. Cret.’ v. 526 = ? Membmnipora nobilis^ Eeuss, ‘ Fosk 
Polyp, d. W, Tertiiirb.’ 98, 

Locality and Range .—Eed Crag, Vienna Basin, Eeuss. 

44. Membranipoea catenularia, Jameson, Hincks, p. 134 = Fyvipora 

ramosa^ D’Orb. ‘ Pal. Fr. Terr. Cret.’ v. 539. 

Locality and Range. —Palseolithic, Eed Crag, and Cor. Crag, Scotch. 
Glacial Dep., Post-Pliocene dep. Canada (Dawson); Italian Pliocene, 
Calabria (Manzoni) ; Pliocene of Brucooli, Sicily (Waters). 

45. Membeanipoea pilosa, Linna3us, Hincks, p. 137 = Beptelectrina 

ibid., D’Orb., and B. dentata^ D’Orb. ^ Pal. Pranf. Terr, Cret.’ 
Y. 834. 

Locality and Range. —Cor. Crag, Paloeolithic (A. Bell) ; Australia 
(Waters). 

46. Mbmbeanipoea membeanacea, Linn. (H. p. 140) = Beptofiustra 

ielacca^ D’Orb., ‘Pal. Franc. Terr. Cret.’ y. 828. 

Range .—Coralline Crag, Palseolithic (Bell). 

47. Membeanipoea lineata, Linn, (H. p, 143) = Beplecinna ibid., 

D’Orb. ‘ Pal. Fran?. Terr. Or6t.’ 834. 

Range .—Italian Pliocene and Miocene dep. (Manzoni) ; S.W. Victoria, 
Anstralia (Waters, ‘Quart. Jour. Geol. Soc.’ vol. xxxYii. p. 823). 

48. Membeanipoea craticula, Alder (H. p. 147), Scotch Glacial dep. 

(Geikie). 

49. Membbanipoea toicoenis, Flem. (H. p. 154), Scotch Glacial dep. 

(Geikie) 

50. Membbanipoea Dumeeilii, And. (H. p, 156) = J£ Pouilletii, 
* Busk, ‘ Crag PoL’ p. 82 ; Scotch Glacial dep. 

51. Membbanipoea Fleminoii (H. p. 162). 

BoMge. —Pliocene, Oastrocaro (M.) ; Scotch Glacial beds (Geikie) ; 
Palaeolithic; Clays of Western Scot. (Bell). 

62. Membbanipoea Yar. gregaria^ Heller, ‘ Bry. Bay Nap./ ‘ A. M. 
N. H.’ Feb. 1879 ibid., Heller, ‘Die Bry. des Adriat.’ = 
M. aperta, Manzoni, ^Bri. del PL di Oastrocaro/ p. 9, pi, i. fig* 
4 ? M. aperta, Busk, * Crag Pol/ p. 34. 

Range. —Pliocene; Eng. Crag; Oastrocaro, 
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53. Membranipora Roselli, And. (H. p. 166), ? fossil. 

54. Membranipora trtfolium, S. Wood (H. p. 167), Busk, ‘Crag 

Polyz.' 32, pi. iii. figs. 1, 2', 3, 9 (part). 

Range. —Cor. Crag, Red Crag (A. Bell). 

55. Membranipora angulosa, Reuss (Waters, B. Nap. Bry., A. M. 

N. H. p. 122) ; Reuss, ‘ Bry. Ost.-ungar.' p. 93 = Cellepora ibid. 
Reuss, D’Orb. ‘ Pal. Pr.’ v. 398 = Esohara excavata, Reuss, 
‘Poss. Pol. W. B.* p. 72=:Escha7-a subexcamta D’Orb. l,c, 
p. 103 = ? Memh*amj)ora deplaiiata, Reuss, ‘ Foss. Pol. W. T.' 
p. 72, pi. viii. 6, 36 = ? Memesclia^^a irapezoidea, Reuss, ‘Bry. v. 
Crosaro,’ pi. xxix. fig, 14. 

Range. —Abundant in the Kocene, Miocene, and Pliocene, from many 
localities in Austria, Hungary and Italy; Rhodes (Manzoni). Living : 
Florida, ? MolUa antiqua, Smitt; ? Membranipora antiqua, Busk, ‘ Quart. 
Jour. Micr. Soc.’ vol. vi. p. 262. 

56. Membranipora CYLiNDRiFORMis, Waters, ‘Quart. Jour. Geol. Soc.' 

vol. xxxvii. p. 323, pi. xviii. fig. 74. 

Mt. Gambier, Australia. 

57. Membranipora magrostomia, Reuss (Vincularia forma), ‘ Quart. 

Jour. Geol. Soc.’ vol. xxxvii. p. 323, pi. xiv. figs. 18-19 = 
Gellaria macrostoma, Reuss, ‘ Foss. Pol. d. Wien. Tert.^ p. 64 
Biflustra macrostoma, Reuss, ‘ Die Foss. Anth. u. Bryoz. der Scb. 
von Crosaro, p. 274 = Fkistrellaria maci'ostoma, Manzoni, ‘ I Bri. 
Foss, del Miocene d’ Aust.’ &c., p. 67 = ? Bifiustra papillata 
StoL, ‘Foss. Bry. Orak. Bay,’ p. 154 = ? M.loxopm^a, Rss, 
Bairnsdale (Eschara forma). Waters, ‘ Quart. Jour, GeoL 800.*^ 
vol. XXXviii. p, 504. 

Locality a7id Ra7ige. —Oligocene (Bartonia), Val di Lonte; Miocene, 
Nussdorf (Manz.); Orakei Bay (Stol.); Mount Gambier, Australia 
(Waters). 

58. Membranipora argtjs, D’Orb., Waters (op. cU. vol. xxxvii. p. 324, 
pi. xiv. fig. 20, 21) = Vincidaria argiis, D’Orb. ‘ Pal. Franc.’ p. 253. 

Ra7ige. —Cretaceous: Meudon, S.W. Victoria, Austi^alia (Waters). 

59. ’Membranipora concamerata Waters (Vincularia forma), op. cit 

p. 324, pi. xiv. figs. 22-23 = ? Vmcularia gracilis, D’Orb. 

‘ White Oh. France.’ 

Ra7ige. —Cretaceous ? : S. W. Victoria, Australia. 

60. Membranipora lusoria, Waters, (Vincularia forma), op. ciL p. 324, 

pi. xiv, fig. 14, pi. xviii. fig. 82 ? allied to NelUa simplex. Busk, 
Quadricellaria sp., D’Orb., M. lusoria var. coarctata, Waters, 
‘Quart. Jour. Geol. Soc.’ vol. xxxix. p. 434; allied to Gellaria 
cactifor7nu, D’Orb. ‘ Pal. Fr.’ pi. 561, figs. 1-4. 

Rmige. —S.W. Victoria, Busk ; variety, Waurn Ponds. 

61. ‘Membranipora maobica, Stol. (Waters), (Vincularia forma), 

‘ Quart. Jour. Geol. Soc.’ vol. xxxvii. p. 325, pi. xiv. fig. 69 = 
Vmcularia id. Stol., ‘Foss. Bry. Orak, Bay,’ p.l53 = Vincularia ? 
maorica, Hutton, ‘ On some Australian Poly.’ p. 23 = Vincularia 
maorica, T. Wood, ‘ Corals and Bryz. of the Neozoic Period, N.'Z.* 
Range. —Living: Tasmania (Hutton). Fossil; Orakei Bay; Hutchin¬ 
son’s Quarry, Oamaru; Up. Eocene of New Zeal, geologists. 

62. Membranipora gbminata, Waters, op. cit p. 325, pi. xvi. fig. 55 

(S. W. Victoifia, Aust.), H. W. Waters, ‘ Quart. Jour. (JeoL 
Soc.’ vol. xxxviii. p, 262, pi. ix. fig. 25. ^ 
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C3. Membba^^ipoPvA confluens, Reass = JEschavina cojijfttens, Heuss, 
‘Yerstein. der bohm. Kreid,’ p. GS Memlmnipora covfiueus, 
^Reviss, M, pedunciilata^ Hmcks. For remarks on allies of the 
above, see paper of A. W. Waters, ‘ Quart. Jour. GeoL Soc.’ 
vol. xxxviii., p. 262. 

Range. —Living: Ceylon. Fossil (Cretaceous), Hundorf and Strehleu, 
Scbillinge, near Bilin (Cenomanian) ; (Pliocene), Castel Arquato ?, 
S- W. Victoria, Mt. Gambier. 

64. Membranipora ovalis, D’Orb. op. ciL p. 262. Mt. Gambier. 

66. Membranipora tripunctata, Waters, pi. i. fig. 36, ov. cit. p. 2G2. 
Mt. Gambier. 

66. Membranipora radicifera, Hincks, pi. iL figs. 26, 27, op. at p. 202. 

Mt. Gambier. Living; Bass’s Straits. 

67. ME]MBR.4mPORA DENTATA, D’Orb. op. cit. p. 263, pi. viii. fig. 14 = 

Flustrellarla clentafa, D’Orb. ‘ Pal. Fr.’ p. 525 = Memhrani'pom 
annulus., Manzoni, ‘ BrL Foss. Ital.’ 4ta. cont. Castrocaro, p. 12, 
pi. i. fig. 9. 

Range .—Cretaceous (Senonian) ; Pliocene (Manz) ; Helvetian, Zan- 
clean, Astian and Sicilian beds. Mt. Gambier, Aust. (Waters). 

68. Mempranipoea articulata. Waters (Yincularia forma), op. cit. 

p. 264, pL viii. figs. 16-16. 

69. Membbakipora perversa, Waters (Yincularia forma), oj?. cit. 

p. 264, pi. ix. fig. 32. 

Range. —Mt, Gambier. 

70. Membeanipora APPENmccLAXA, Beuss (Escliara forma) ; Waters, 

‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., p. 504, pi. xxii. figs. 2 
to 5 = Gelle^om ibid., Rss. ‘Foss. Polyp, d. Wien. Tert.’ p. 96 
= Memhranipora ibid., Rss. ‘ Die Foss. Bry. des Ost.-ung,’ p. 41 
= Memhranipora Cyclops^ Busk, ‘Mar. Poly.’ p. 61. 

Range. —^Fossil: Miocene, Europe ; tipper Oligocene, Astrupp; Mid. 
Oligocene, Mt, Gambier, Australia. Living : New Zealand. 

71. Membeanipora ROBOEATA, Hincks, ‘ Gen. Hist, of Mar. Poly.,’ ‘ Ann. 

Mag. Nat. Hist,’ ser. v. vol. viii. p. 69, Waters, ‘ Quart, Jour. 
Geol. Soc,’ vol. xxxix., p. 433, 

Range, —Fossil; Waum Ponds, Australia. Living (bilaminate) : New 
Zealand. 

72. Membrakipora oculata, Busk (Waters) op. cit. p 434, pi, xii. fig. 

22 = Nellia oculata^ JBusk, Smitt, Macgillivray, 

Range. —Living, widely distributed ; fossil, Waurn Ponds, Australia. 

73. Membranipora Arethusa, D’Orb. (Waters), op. cit. p. 434, pi. xii. 

fig. 19 =Esc/zamibid., R. actcea; E. gallica,WOT\>. ‘ PaLFran 9 .’; 
and allied to Semieschara disparilis, D’Orb., as well as many 
other sp. of D’Orb. 

Range. —Cretaceous, France; Muddy Creek, Australia. 


Genus Meoapora, Hincks. 

Only one living species of this genus is given by Hincks (‘ Brit. Foss, 
P.’ p. 171), which is Megapora ringens = Lepralia ibid,, Busk. I know 
of no fossil forms. 

1884, I 
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family IX. MicroPOK iDiE, Smitt. 

Hincks, oj>. ciL'p. 172. MemhraniporidcG, (part) Bask. 

*ZocBcia with the front wall wholly calcareous; margins derated.’ 
—^Hincks, p. 172. 

This family group is a Yery important one, as it entirely eliminates 
from the series all those forms that have a membranous area in the front 
of the cell. 

Genus Migropora, Gray. 

= Eepteschao^elUna, D’Orb. 

‘ Zoarimn incrusting. Zooecia with px’ominent raised margins ; front 
depressed, wholly calcareous; orifice semicircular, or suborbicular, 
enclosed by a calcareous border.’—Hincks, p. 173. 

74. Micropoea cOMPiiANATA, Xorman (Hincks, p. 175) = Lepralia 

ibid., Norman, ‘ A. M. N. H.’ Jan. 1864, p. 84, pi. x. fig. 4 = 
Membranijpora Smitiiy Manzoni, 4th Contr. ‘ Ital. Foss. Bryoz.’ 

Bange, —Living, but of unknown locality: Italian Pliocene deposits. 

75. 'Micropoea hippocrepis, Goldf. (‘ Petrefac.’ i. p. 26; tab. 9, f. 3) ; 

Waters, ‘ Quart. Jour. Gool. Soc.’ vol. xxxviii., p. 264 = Oelhpora 
ibid., Eeuss, ‘ Foss, Polyp, d. Wien. Tert.’ p. 94; Hagenow, ‘ Die 
Bry. Maest. Xreideb.’ p. 91, pi. vi. fig. V7 ^ Memhranipora 
lidens^ Busk, ‘ Crag Pol,’ p. 34, and ‘Quart. Jour, GeoL Soo.’ 
vol. xvi., p. 260 = Memhromipora Eosselii, Manzoni, ‘ Bri. Foss. 
Ital.’ 4th Contr. p. 11 = Memhranipom hidens^ Rss. ‘ Die Foss. 
Bry. Ost.-ungar.’ p. 43; Manzoni, ‘Bri. Oastrocaro,’ p. 15; 
Waters, ‘Bry. from Bruccoli,’ ‘Tr. Manchester Soc.’ vol. xiv. 

Eange. —^Fossil: Cretaceous, Maestriebt; Miocene ; Pliocene Cor. 
Crag, Castrocaro; Bruccoli, Sicily. Living, only at Capri, from the coral 
fisheries (A. W. W.). 

76. Micropoea obdinata, Waters (Eschara form), Waters, op. dt,, 

‘ Quart. Jour. Geol. Soc,' vol. xxxix., p. 435. No figures, 

77- Micropoea oavata, Waters (Eschara form), Waters, op. dt.^ 
‘Quart. Jour. Geol. Soc.’ vol. xxxix., p. 435. No figures, 

Eange. —Miocene; Australia, Waurn Ponds. 

Genus Stegaroporella, Smitt. 

Memhrampora, (pax’t) auott.; Eejptesdiardlina^ (part) D’Orh.; Smitt, 
‘ Flor. Bry.’ Sieganoporella. 

‘ Xoamm incrusting or (occasionally) rising into foliaceous expan¬ 
sions. Zomda with the external characters of Micropora, but having an 
inner chamber occupying the whole of the cavity below, and above 
narrowed into a tubular passage, which either communicates directly with 
the orifice or opens into a second chamber immediately beneath it.’— 
Hincks, p. 176. 

78. SxEGAiiOPORBLLA Smittii (Hincks, p. 178) = IlembranipoTOt Ande^ 

gavBTisis^ Busk, ‘Crag Pol.’ p. 35, pi. ii. figs. 6 and 9. 

Eange .—Coralline Crag. 

79. *STEGANOPOEEnnA PAT0LA, Waters, ^ Quart. Jour, Geol. Soc.’ vol. 

xxxviii., ph ix. fig. 81, p. 265 {Micropora patula^ Waters), loo. 
di^ Aug, 1881. 

80. Stegaeoporella maokilabbis, Busk (‘ B. Mus. Cat*’ 59), ‘ Quart. 

Jour, Geol. Soc.’ vol. xxxviii,, p. 266=5 Stegamporella elegane^ 
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Smitt, ‘ Flor. Biy.’ p.^ 15, pi. iv., figs. 96 and 101 = EschareU 
Una sp., D’Orb. (Smitt) = Membranipora magnilabns. Busk 
‘ Mar. Poly,’ p. 62, pi. Ixv., fig. 4. ’ 

81. Steganopobella magnilabris, Bask (Waters, ' Quart. Jour. Greol. 

Soc.’ vol. xxxviii., p. 506, pi. xxii., figs. 7 and 7a, Waters = 
Lepralia firma, Reuss; Biflusira crassa^ Haswell; Vincularia 
^leozelanica. Busk; Stegano^orella magnilabris, Hincks, Mac- 
Gillivray. 

Range. —Fossil: Mount Gambier & Victoria, Australia; Mt. Gambier, 
Busk. Living : Florida, Smitt. 

82. Steganopobella Rozieri, Aud.; var. indica^ Hincks, ‘ Gen. Hist. 

Mar. Pol.,’ ‘Ann. Mag. Hat. Hist.’ ser. v. voL iv. p. 339, 8180; 
Waters, ‘Quart. Jour. Geol. Soc.’vol.xxxviii., p. 505 ^ Bscliam 
ignohilis^ Reuss = Yineularla ISfovce Hollandice^ Haswell, loo. ciL 
p, 505 = Vmcularia sfeganoporides, Goldstein. 

Range. —Living: India and several other localities. Fossil: Miocene, 
Sol in gen, 

83. Steganopobella perforata, MacG.; var. clausa^ Waters = Mem- 

hrani]Jora, ibid., ‘ Zool. of Victoria,’ decade iii. and decade iv. 
Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., p. 505=? Jfo 3 ^o- 
porella lepida^ Hincks. 

Genus Setosella, Hincks. 

Ho record of as a fossil. 

Family X. Cbibrilinil^, Hincks. 

^ Zoarlum adnate, forming an indefinite crust, or erect, Zooecia 
having the front wall more or less fissured, or traversed by radiating 
furrows.’—Hincks, p. 182. 

Genus Cbibbilina, Gray. 

ReptescJiarella, D’Orbigny; JBJschanpora, Smitt, ‘ Oefv. Kongl. Vet. 
Ak. Forhandl.’ 1867, Bihang. Gellepora, (part) Fabr.; Lepralia, (part) 
Johnst., Busk. 

Zoarmm incrusting. Zomoia contiguous, having the front more or 
less occupied by transverse or radiating punctured farrows; orifice 
semicircular or suborbicular.’—Hincks, op. oit.., p. 184. 

84. Cbibbilina badiata, Moll, Hincks, p. 185 = Bschara radiaia, Moll, 

‘ Seerinde,’ 63, pL iv., fig. 17 = Lepralia innomimta^ Couch, 
Busk, ‘ Crag,’ p. 40, pi. iv. fig. 2 = Lepralia imiominata, Man- 
zoni, ‘Pliocene Ital’ Ist Oontr. 8, pi il, fig. IS Lepralia 
miuUiradinta^ Reuss, ‘ Oberburg,’ 31, pi x., fig. 5, * Palseon. St.’ 
= Lepralia scripta, Rss. ‘ Sitzungsb. K. Akad. d. Wissen., pi xv. 
f. 63 = Lepralia scripta^ Rss., Manzoni, ^ Suppl’ &c. 5, pi i. fig. 
6 = Lepralia pretioea, Rss., ‘ Bryoz. d. deutsch. Septarienth.* 
= Lepralia cahmorpha, loo. e. 62, pi xi. fig. 10 = Lepralia 
raricosiafa, Rss., ‘ Bry. Ost.-ungar.’ p. 26, pi i., fig, 8 = Lepralia 
Undlickeri, Rss., loo. oil. p. 31, pi. i., fig. 9 =? Reptescharella 
pygmeay D’Orb., ‘ Pal. Fr. Tert. Cret.’ v. 468 = ? Reptescharella 
radiaiay D’Orb., ‘ Pal. Fr. Tert. Oret.’ v. 468 = Orihrilina 
radiafOy G. innominata, Smitt, ^ Flor. Bry.’ = ? Lepralia crihri- 
linay Manzoni, ‘Bri. di Oastroearo,’ p. 27, pi. iil, fig. 40 = ie- 
pralia eleganiissima, SegnenzaKJide Waters), ‘Quart. Jour. Geol 
' Soo/ vol xxxviii., p. 265 = Lepralia megaoephala, Ess,, ‘Polyp. 
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d. Wien, Tertiar/ p. 83, pi. x. fig. 5. Smifct says these species 
should be placed Tery near to present one .—Semiescharipora 
fragilis, D’Orb., * Pal. Ter. Cret.* v. p. 480; Seoniescharipora 
hrevis, D’Orb., ‘Pal. Ter. Cret.’ v. p. 485; BemiescharipoTa 
ovalis, D’Orb., p. 488 (fide Smitt, * Bry. Florida,’ &c.). Some of 
Reuss’s species are described as Oellepora. 

Range. —Eng. Chalk: Vine, ‘B. Assoc. Rep.’1883. Miocene: several 
localities in Austria and Hungary; Mount Gambiei’, Australia:^ Plio¬ 
cene, Post-Pliocene. I have also in my collection a specimen similar to 
our own Cretaceous form, from the Yellow Limestone (Cretaceous), 
Timber Creek, H. America. Living: rather widely distributed. 

85. Cribrilina punctata, Hassall (Hincks, p. 190) Lepralla ibid., 

Hass., Johnst., Busk, ‘ Crag Pol.’ 40, pi. iv., fig. 1. 

Range. —Coralline Crag. Recent, very widely distrikited, 

86. Cpjbrtlina annulata, Fabric. (Hincks, p. 19Z)=^Cellepora annulafa, ‘ 

Fabr. =: Beptescharella Heermannis Gabb & Horn, ‘ Monog. 
Poljz.’ = Escharipora anmilafay Fabr. (Smitt, ‘ Florid. Bry.’). 

Range .—Scotch Glacial deposits. Living: Brit. Seas; Florida 
(Smitt); Gabb & Horn’s sp., Santa Barbara; Miocene (?). 

87. CEiBRiLih’A PiGULAins, Johnst. (not 0., ihvl .; Smitt, Florid, Bry.). 

Allied forms, Escharella Arge, D’Orb. (See Hincks, p. 197) 
= Lepi’alia Ungeri^ Reuss, ‘ Ost.-ungar.’ Seems to be a con¬ 
necting form between 0. figularis and 0. radiata. Lepmlict 
Hauen, Reuss, closely allied to present form. 

Range. —? Cretaceous, D’Orb. sp.; Miocene, Reuss sp.; Lower Coral¬ 
line Crag (Bell). 

88. Cribbilina terminata, Waters (UemesoJiara form), ‘Quart. Jour. 

Geol. Soc.’ vol. xxxvii., p. 326; ibid. vol. xxxviii., p. 507; ibid, 
vol. xxxix., p. 436, pi. xii. fig. 17. 

Allied forms, Lepmlia scutulata^ Busk. 

The marginal cells of the American Cretaceous Esoliara dlgitaia^ Lonscl, 
have their surfaces punctured below the orifice in a very similar manner 
to C. terminata, Waters, only not so thickly. The other cells are quite 
plain. 

Ra?ige.—S- W. Victoria; Bairnsdale (Gippsland) ; Muddy Creek, 
Australia. 

89. Oribuiuka dentipora, Waters (Bactridiiform), ‘ Quart. Jour. 

Geol. Soc.’ vol. xxxvii., p. 326, pi. xv. f. 33. 

Range. —S.W. Victoria, Australia. 

90. CribriI/INa suggerens, Waters. (Eschara form), ojh cii. voL 

xxxvii., p. 327, pi. xvii. fig. 75. 

*This is a most curious and instructive form, in which we are at the 
outset met by a difificulty as to its generic position; for, looking at the 
aperture, we find it might belong to Gribrilina or Mucronella. With 
the latter, however, in other respects there is little in common; but 
with Gribrilina we find the radiating character of the pores, and 
although no known species has such a bristling surface, yet in 0. Gattyw, 
0. cTibrosa, Heller, G. figularis, &c. there is a row of slightly raised pores 
round the edge of the cribriform area.’—Waters. 

Range. —S. W. Victoria, Australia, 

91. Cbibrilina tubultpbra, Hincks. Waters, op. oil, vol. xxxix., 

N P-^36. 

'-^^Range. —^T/iving, Bass Straits, Hincks; Fossil, Muddy Creek, Australia. 
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92, Cribrilina monoceros, Busk (non Eeuss) == Lepralia ibid., Busk, 

‘ Mar. Polj.’ p. 72 = Lepralia ibid., MacGrilL, ‘ ZooL Viet,’ 
decade iv. p. 32 = Orihrilina, Hincks, ‘ Proceed, Lit. & Phil. 
Soc. Liverpool,’ April, 1881; ‘Ann. Mag. Nat. Hist.,’ July, 1881. 

Range. —Living: Bass’s Straits. Fossil; Bairnsdale (Gippsland). 

Genus Membraniporella (part), Smitt. 

Berenicea^ (part) Flem.; Lepralia^ (part) Johnston, Gray, Busk; 
Menihranipora, (part) Smitt. 

‘ Zoarium incrusting, or rising into free, foliaceous expansions, 'with a 
single layer of cells, Zooecia closed in front by a number of flattened 
calcareous ribs more or less consolidated.’—Hincks, 199. 

93. Membraniporella nitida, Johnst. (Hincks, p. 200) = Bscliaroides 

ibid., Milne-Ed.=Bere^^^cea ibid., Flem.; M. nitida^ Waters. 
‘ Quart. Jour. Geol. Soc.’ vol. xxxix., p. 436 ; Lepralia eximia, 
Seguenza, ‘Le Form. Terz. E. Accad. deiLincei; (?) FUophlcea 
sagena^ Gabb & Horn, Monogr. (Cret. Bry. New Jersey). The 
authors give the following synonyms for this species = Flustra 
sagena^ Morton, ‘ Synopsis,’p. 79, pi. 13, fig. 7; Escliarina ibid., 
Lons. ‘Quart. Jour. Geol. Soc.’ vol. i. p. 71; Eeptescliarinella 
ibid. D’Orb, ‘Pal. Fr.’ v. p. 429. 

Range .—(?) Cretaceous, Timber Creek, New Jer.; Waurn Ponds, 
Australia (Waters) ; Zanclean Calabria (Seg.). Living: Northern Seas ; 
Capri, 225 fathoms (Waters) ; New Zealand (Hutton). 

• Family XI. Microporellim, Hincks. 

Celleporidce, Johnst.; Membrani])oridce, (part) Busk; Porimdee 

(part) D’Orb.; Fschariporidee, (part) Smitt. 

‘ Zocecia adnate and incrusting, or forming erect and foliated or 
dendroid zoaria; orifice more or less semicircular, with the lower margin 
entire; a semilunate or circular pore on the front wall.’—Hincks, p. 204. 

This important family group is founded upon well-marked structural 
features, one of which is the * semilunate or circular pore,’ iu the front 
wall, given in the diagnosis. Mr. Hincks indeed says, * We do not know 
the physiological import of this definitely shaped opening .... but 
the character which is constant may be fairly accounted of considerable 
importance, and taken in combination with the form of the aperture is a 
good diagnostic mark,’ (1. c. p. 205). Further particulars of this mark 
are given by Mr. Waters (‘ Quart. Jour. Geol. Soc.’ vol. xxxvii.,p. 313). 
He says, ‘ In studying both recent and fossil forms, I have often been 
impressed with the frequency with which open pores are replaced by 
avicularia, and think that it is a matter worthy of most careful examin¬ 
ation.’ Mr, Waters says, however, that the ‘genus Microporella must be 
extended; for we are able to trace relationship from if. violacea with a 
round pore to the variety Jissa with an elongated pore (fig, 73). Then 
we have If. Yarranensis with two or three denticulated pores in the 
depression, and, in this way on by M. cosemopora and var. annata to 
Jf. symmetrica (fig. 83).’ The fossil Microporellidce are well represented 
in the Australian deposits, and the necessarily reduced number of generic 
features in the group has increased the number of synonymous names; 
but in spite of this, the three genera which Mr. Hincks includes iu the 
family, in his ‘Brit. Marine Poljzoa,’ are well marked and easily/ 
identified. 
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Genus Mioropokella, Hincks. 

lUscliara (part), Pallas; CeJlepora, (part) Linn., Audouin; Flu'^frn, 
(part) And.; BerenicGa, (part) Flem.; LepraUa^ (part) Johust.; JjJsrhariiia, 
(part) M.-Bdw., Gray ; Ilerentia (sp.), dray; Repfoporimi, (part) D’Orb.; 
Forma and Forellina, Smitt (non D’Orb.). 

^ Zoarium incrusting. Zocecia with a semicircular aperture, the lower 
margin entire, and a semi-lunate or circular pore below it.’ 

94 Microporella ciliata, Pallas (Fschara ibid., Pal.) = ii75r/^ora 
milgaris, var. Moll., ‘ Seerinde,’ 62, pi. iii. tig. 11 = Bereninu, 
'wtnculata, Plem. ^Brit. Anm.’ h2>2> ■=■ Lepralici ciUala, Joliiist., 
Busk, Brit. M. C.; Crag Pol. 42, pi. vii. tig. 6 = BeptoporelUnlo 
suhvulgans, D’Orb., ‘ Pal. Pr. Terr. Oret.’ v. 4i77 ^ Lepralia 
hmata, MacGil., ‘ Tr. Phil. Inst. Victoria,’ iv. 1860, p. 159 = 
Cellapora crenilahris^ Bss., ‘ Poss. Poly. Wien. Tertiarb.’ 88, pi. x. 
tig. 22 = Gellipora pleuropora, Rss. ‘ Poss. Poly. Wien. Tertiarb.’ 
p, 86, pi. X. fig. 21 = Lepralia titriculus^ Manzoni, ‘ Bry. Pliocene 
Ital.’—? Lepralia glahra, Rss. smooth var., ‘Poss. Bry. Ost.-uiig.’ 
17, pi. iv. fig. 3. 

Bange. —English Coralline Crag; Middle Pliocene beds (Bell); 
Vienna Basin (Reuss); Italian Pliocene beds (Manzoni); Sicilian 
Pliocene, Bruccoli (Waters); Australian Miocene, Mt, Gambier (Waters). 
Living, widely distributed. 

95. Microporblla Malusii, And. (Gellepora ibid.) = Eeptoporina ib., 

D’Orb. ‘ Pal. Pran^. Oret.’v. p. 4i4i3^Lepralia ib., Busk, ‘ Crag 
Pol.’ 53, pi. viii. fig. 3. 

Bange, —English Coralline Crag; Pliocene, Italy; Australia, frag¬ 
ments (Waters). Living, widely distributed. 

96. Microporeula bipressa, Aud. (^Flmtraih,') = Lepralia pyriformis^ 

Busk, ‘ Crag Poly.’ 51, pi. v, fig. 3. 

Bange ,—Eng. Crag. Living; British seas, rather widely distri¬ 
buted, &c. 

97. Microporella violaoea, Johnst. = Lepralia plagiopora^ Busk. 

‘ Crag Pol.’ p, 44, pi. iv. fig. 5 ; Lepralia violamt, ‘ Crag Pol,’ 
43, pi iv. fig. 3. Manzoni, ‘Brioz. Plioc. Ital.’ 1st Oontrib. 
5, pi. i. fig, 9; Lepralia cUversipora, Reuss, ‘ Poram. Anthoz. 
11 . Bryoz. d. Deutsch.’ 

98* Microporella violaoea, var. fiesa, Hincks. Waters, ‘ Quart. 

Jour. Geol. Soo,’ vol. xxxvii., p. 320. 

Bange. —Eng, Crag.; Ital. Pliocene; S.W, Victoria, Australia, Mt. 
Gambier. 

99, Microporella eekrea, Waters, ‘Quart. Jour. Geol. Soc.’ vol. 
xsxvii., p. 330, pi. xvii. p. 72. Mt. Gambier. 

99. * Microporella perrea, var. perforata^ Waters, ‘ Quai’t. Jour. Geol. 

Soc.’ vol. xxxviii., p. 267, pi. viii fig. 4. Mt. Gambier. 

100. Microporella elevata, T. Wood, ’‘‘Quart. Jour. Geol. Soc.’ 

vol. xxxviii., p. 267, pi. vii, fig. 68"64; pi. xviii. fig. 90. Mount 
Gambier. 5= LWiam ibid., T. Wood. 

101. Microporella Yarraensis, Waters, (I, c., vol. xxxvii., p. 331), 

pi. XV. figs. 27-28. 

102. Microporella cosoixopora, Reuss, var. armata^ Waters (Z. c., 

voL xxxvii., p. 331), pL xv. fig. 25. Mt. Gambier. 
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103. Micropoeella jenigmatica, Waters (I c. yoI. ssxyii., p. 331), 

pi. XV. figs. 29-30, Mt. Gram bier. 

104. Microporella symmetrica, Waters (1. c. vol. xxxvii., p. 331), 

pi. xviii. fig. 83. Mt. Gambier. 

105. Microporella clavata, Stol. (L c. vol. xxxvii., pi. xviii. fig. 

Si = Flusirellai ibid., Stol. ‘Eoss. Brj, Orak. Bay,’ p. 139. 

Mt. Gambier (?) Eschar a ietrastoma, Eeuss, ‘ Sitz. Ak. W. 

Wien,’ 1864. Mt. Gambier. 

106. Microporella macropora, Stol. (Lepralia forma). (Waters, 

‘ Quart. Jour. GeoL Soc.’ vol. xxxviii., p, 267) = Lepralia ibid., 

Stol. ‘ Olig. Bry.’ 

Range .—New species: Waters, Mt. Gambier, Victoria (S.W.); Bairns- 
dale, Australia. 

107. Microporella decorata, Eeuss id.). Waters, ‘Quart. 

Jour. Geol. Soc.’ vol. xxxviii., p. 508, pi. xxii. fig. 1 = Gellepora 
ibid.. Ess. ‘Boss. Pol. Wien. Tert.’ p. 89, pi. x. fig. 25 = 
Lepralia ibid,, Manzoni, ‘ Bry. Eoss. 2nd Cont. Bry. Castrocaro ’ 
= Lepralia iljid. Seguenza = Lepralia Stori, Ess. ‘ Bry. Ost.- 
ung.’ Lepralia formosa{?)^ Seguenza. 

Eange.^Miocenej Hungary; Australia Bairnsdale; Pliocene, Castrocaro 
(Manzoni). Living, Madeira (30 fatb.). 

108. Microporella oellulosa MacGil. (forma Adeona), Waters 
‘ Quart. Jour. Geol. Soc.’vol. xxxix., p. 437 = LHctyopora ibid., 
Mac G., ‘ Trans. Eoy. Soc. Vic.’ 1868 = Adeona ibid., Kircben- 
pauer. 

Range. —Eossil: Muddy Creek, Australia (Waters). Living: Queens- 
diffe. 

109. Microporella introversa, Waters, loo. ci7., vol. xxxviii., pi. ix. 

figs. 33-34. Tins would be Liporula, Hincks. 

Range. —Mt. Gambier, South Australia. 

Genus Diporula, Hincks. 

Distinguished from Microporella by the structure of the orifice. The 
genus is founded upon a single species, Lipomla vemicosa, 

Peach. Mr. Hincks cites as a synonym E. lunam, Waters. 

no. Diporula lunaris, Waters, ‘ Bryoz. from Pliocene of Bruccolo, 

Sicily,’ ‘ Trans. Manchester Geol. Soc.’ 1878 = ? ForeUiria 
, lahiata, Eoemer—‘ I believe this is the same,’ Waters. 

Rangc.-‘hiYmg: Sicilian Pliocene, Waters; OberoHgocan, Lattorf, 
Eoemer. 

Genus Chorizopora, Hincks. 

Fksira^ sp. Audonin; Lepralia, sp. Johnst. and Busk; Mollia, pi, 
D’Orb. 

‘ Zowcia more or less distant, connected by a tubular network; the 
orifice semicircular, with the inferior margin entire; the special pore 
wanting.’—Hincks, p. 222. 

This peculiar genus is founded upon the Elustra Brongniartii of 
Audouin. In his description of Lepralia Brongniartii, And. (‘ Bay of 
Nap. Bry,’ p. 35, ‘Ann. M. N. Hist.’) Mr. Waters says the ‘connections 
between the zooecia are short tubes as shown in Savigny’s fig. . , . 
This is interesting as showing the first step towards more widely 
separated cells, like Fiachms ; and Hutton calls a form dosely allied io 
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this Biachoris Basldi/ It is very evident that the tubular processes 
cannot be relied upon as generic guides ; both in the genus Ghorizo])OTa 
and also in DiacJwris as now understood these tubular processes vaiy 
considerably, as has already been pointed out by Mr. Waters in the de¬ 
scription of the species D. ^atellaria^ var mulHjmcfa (Bry. Bay I^ap.). 

111. Chorizopora Brongnxartii, And. = Lepmlia ibid. Busk, ' Crau: 

Poly.’ 4G, pi. vi. fig. i.; Manzoni, ‘ Bry. Foss. Ital.’ 2nd cont. 7, 
pi. ii. fig, 9 = Mollia tuberculata and JSwngyiiartii, D’Oi'b. 
* Pal. Fran^. Terr. Cret.’ = ? Beptescharallindla rliomhoidaUs^ 
D’Orb. = Lepralia ca;pitata, Bss. ‘Bry. d. Ost.-ung.’ 21, pi, iv. 
fig. 7. 

Range, —Coralline Crag; Pliocene, Volterra and Castrocaro (Manzoni); 
Austro-Hungarian Miocene (Eeuss). Living, widely distributed in Brit, 
seas. 

Family Microporellidje. 

Genus Monoporella. 

General character, —Zooeeia destitute of a membranous area or 
aperture, and of raised margins; orifice arched above, with the lower lip 
entire ; no special pores. 

This group is formed for species with a Microporellidan orifice, but 
destitute of the median pore, which is so striking a character of 
genus Microporella. It is difficult to believe that this structure has 
no special significance; it is at least a much better clue to affinity than 
mode of growth. If this be so, the Microporellidan form from which ife 
is absent may well be set apart as a distinct group. ^ 

Family XII. MoNOPORELLiDiE. 

Mo7ioporella, »Hincks. 

Provisionally at least it will be better to keep the genus Monoporella 
apart from the Microporollidge. If (as seems probable) the special pore 
of the latter is represented by the oral sinus of the Myriozoidm, Mievo- 
porella will have closer affinity with such forms as Schizoporclla than 
with the present. 

As yet the species of Monoporella described arc but few, and wc 
have hardly material for a thorough study of the type.—‘ Ann. & Mag. 
Xat. Hist.’ ser. 5 vol. ix., p. 123. 

JI. Jepida 1 

M, nodulifera Ann. & Mag. Xat. Hist.,’ Feb. 1882, Hiueks. 

IT. alhicans J 

112, Monoporeela crassicaules, Waters, ‘ Quart. Jour. Gcol. Soc.’ 

vol. xxxviii., p. 270, pL viii. fig. 23. 

118. Monoporella crassatina, Waters, ‘ Quart. Jour. Geol. Soc.’ 
vol. xxxviii., p. 270, pi. viii. fig. 23. 

114 Monoporella hebetata, Waters, ‘Quart. Jour, Gool. Soc.’ vol. 
xxxviii., p. 271, pi. vii. fig. 11. 

’ Smiti’s genus Eschanpora (as far as I understand it) is founded for Micro¬ 
porellidan forms with more than a single pore. But the physiological significance is 
the same, whether there be one or many, and the distinction seems to be unimpor¬ 
tant ; so also are differences in the shape of the pore.— Ann, <5* Mag, A'at. Mut 
July, 1881. 
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115. Monoporella oblonga. Waters, ‘Quart. Jour. Geol. Soc.’ vol. 

xxxviii., p. 271, pi. yii. fig. 9. 

JRmigii. —Miocene, Australia (Waters). 

116. Monoporella sexangulabis, Goldf. = Uschara ibid., Hageuow, 

‘Maestr. Kreid,’ p. 81, pi. x. figs, 345=: Escliara Glarhei, t! 

Woods, ‘On some Tert. Australian Polyzoa,’ &c.=: Monoporella 

seo^oAigularis, Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxix. p. 
435. 

Bange. — Cretaceous, Maestricbt (Hagenow) ; Miocene, Australia 
(Waters), 

117. Monoporella albicans, Hincks, ‘ Contrib. towards Gen. Hist, of 

Mar. Poly.,’ ‘Ann. Mag. Hat. Hist.’ Peb. 1882, ser, 5, vol. ix. p. 

123, pi. Y. figs. 5, 5a, 5b = Gellepora albicana. Waters, ‘ Quart. 

Jour. Geol. Boc.’ vol. xxxviii., p. 512. 

Bange. —Miocene, Bairnsdale, Australia (Waters) ; Living, Australian 
seas (Hincks). 

In certain remarks on the above species Mr. Waters says (loc. cii, p. 
512), ‘I have already pointed out tbab Gellepora sardonica. Waters (“Bay 
of Nap. Bry.,” A. M. N. H. March 1879, p. 196) ; G. Yarraensis, W. ; 
f/. intermedia^ MacG; C. compressa, Busk; and 0. fossa, Hasw., should 
be formed into a sub-genus; and the present form should be added to 
the list. I am nob, however, inclined to think that they will ultimately 
find their place with Monoporella, Hincks.’ These forms, as Mr. Waters 
is inclined to leave them with Gellepora provisionally, will be found 
further on. This form after due consideration I place in the genus 
Monoporella. Mr. Hincks describes other forms besides the one given, 
but of which I have no fossil record. Monoporella was originally placed 
as Haploporella in the family Microporellidm. 

Pamily XIIL Porinidji (part), D’Orbigny. 

Memlrauiporidce, (part) Busk; Escharoporidce, (part) Smitt. 

‘ Zoarimn incrusting, or erect and ramified. Zocecia with a raised 
tubular or subtubular orifice, and frequently a special pore on the front 
wall.’—Hincks, p. 2*26. 

In the absence of the special pore, and also the ovicell, it would be 
very easy to mistake fossil specimens of Borina iuhdosa for Diastopora, 
or even Bidiastopora —but the special characters ought to be sufiScient to 
keep the genera distinct; and although I have met with fossil specimens, 
which I place fearlessly with Biastopora, yet in some of the zocecia there 
are faintly indicative structural peculiarities that cannot Be accepted as 
normal features of Oyclostomatous Polyzoa. These, however, should be 
closely studied and noted. In some of the Borinidce described by Mr. 
Waters, the characters are still very difficult to understand or identify; 
yet, notwithstanding the apparent anomaly in his synonyms, T think that 
we cannot but be thankful to him for the labours he has bestowed upon 
the group, especially so when we look over synonymous genera given 
below from Hincks. 


Genus Porina, D’Orbigny. 

EscJiara, (part) auctt.; Bidiastopora, (part) D’Orb.; Bmtulipora, 
(part) Bars; Lepralia, (part) Busk; Onoliopora, (pai't)Bask; Quadri** 
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cellavia^ Sars. (not D’Orb.); AoiartJirapora, (part) Smitt; Tesmmdonia 
(part), I^orman ; Oylinclrojporella, sp. HiiickR. 

‘ Zooecia tubular or subtubular above, with a terminal circular orifice ; 
a median pore on the front wall Zodrvmn incrusting,' or erect and 
ramose.’—^Hincks, p, 227, 

118. PoRiNA TUBUliOSA, Formau = Lepralia tiibulosa, ISTorman—see 
Hincks, p. 230. 

Range .—Scotch Glacial deposits (Geikie); Pala3olithic, A. Bell, 
Living, Shetland. 

119. PoRiNA CORONATA, Beuss (Oellaria ibid., Ess.); Waters, ‘ Quart. 

Jour. Geol. Soc.’ vol. xxxvii., p.333, pi. xvi. fig. 571 pellaria 
corooiata^ Ess., ‘Foss. Polyp, des Wien. Tert.’ p. 62, pi. viii. 
fig. 3 = Eschara conferta. Ess., loc. cit. p. 71, pi. viii. fig:. 32 = 
Acropora cmma^a,Ess., ‘Foss. Anth. & Bry. d. S. von Crosara’ 
== Spiroporina vertehralis, Stol. ‘ Foss. Bry. Orak.’ p. 106 = 
Spiroponna veriehmlis, T. Woods, ‘ Cor. & Bry. Neozoic 
Period,’ p. 23 = Forina JDieffenbachiana, Stol. (loc. cit. p. 135) 
= Forina Fleffenhacliiana^ T. Wood (loc. cit. p. 135) = Escliara 
Busldi.^ T. Wood, ‘ On some Tert. Aust. Poly.’ = Fustulopora 
angnlata^ T. Wood, ‘ Tert. Aust. Poly.’ 1876, p. 150 = Myrio* 
zoum australiense, Haswell, ‘ On some Aust. Poly.’ 

Range. —Foss.: Bartonian; Yal di Lonti; Monteecho Maggiorc, Vienna; 
Hutchinson Quarry and Oamaru, New Zealand (Lower Eocene of Now 
Zealand Geologists) ; Mount Gambier, S.W. Victoria, Australia. Living: 
Queensland. 

120. PoRiNA oiiTPEATA, Waters; Waters, op. cit. vol. xxxvii,, p. 382, 

pi. svii. fig. 67. 

Range. —Foss.: S. W. Victoria; Mt. Gambier. 

121. PoRiNA PcoiUMXATA, Waters,‘Quart. Jour. Geol. Soc.’ vol.xxxvii., 

p. 334. pi. xviii. fig. 88. 

Probably related to Escliara lieterosfonm. Ess.; Escliara duplicata, Ess. 
For interesting particulars see paper as above. 

Range. S. W. Victoria, Australia. 

122. PoRiNA LABVALTS, MacGill.; Waters, ‘ Quart. Jour. Geol. Soc.’ 
^ vol. xxxviii. p. 2G9, pi. viii. fig. 19 (fig. bad) = Lepralia ibid., 

MacG. ‘ Nat. Hist, of Viet.,’ decade iv, p. 30. 

Range. —Fossil: Bairnsdale, Mt. Gambier (Waters). Living: Victoria 
and Bondy Bay, New South Wales. 

Genus Celleporella, Gray. 

See Hincks, p. 413. (No fossil species recorded.) 

Genus Anarthro3?ora, (part) Smitt. 

Hincks, p. 232. (No fossil species x'ecorded.) 

Genus Lagenipora, Hincks. 

Hincks, p. 235. (No fossil species recorded.) 

Family XIV. Myeiozoidji, (part) Smitt. 

CeUeporidm^ Johnston; Forinidm^ B’Orb.; 

pondee^ (part) Busk. 


^ In the British species. 
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‘ Z oar km incru sting, or rising into foliaceoiis expansions, or dendroid. 
Zomcia calcareous, destitute of a membranous area and raised margins; 
oritice with a sinus on the lower lip,’—Hincks, p. 287, 

Genus Schizopoeella, Hincks. 

Le^pralia, (part) Johnst. and Busk ; Escliarma and Be^toporlna, (part) 
‘T)’Orb.; Escliarella, Mollia, Hippothoa, (part) Smibt. 

^ Zomcia with a semicircular or suborbicular orifice, the inferior margin 
with a central sinus. Avicularia usually latex’al, sometimes median, with 
an acute, or rounded, or spatulate mandible, occasionally wanting. 
Zoarium incrusting or forming foliaceous expansions.’—Hincks, p. 237. 
128. SOHIZOPORELLA UNICORNIS, Johnst. (see Hincks, p. 238) = Lepralia, 
ibid. Johnst., Busk, ‘Crag Pol.’ p. 45, pi. v. fig. 4= Lepralia 
spinifera, var. unicornis^ Manzoni, ‘ Bry. Plioc. Ital.’ Prima 
Contrib. p. 7, pi. xi. fig. 11 = Lepralia ansata, Johnst., Beuss, 

‘ Bry. Ost.-ung.’ pi. i. p. 18, pi. vi. fig. 12 = Lepralia amata, 

“ Manzoni, ‘ Bryz. Foss. It.’ Contrib. iii. p. 9 = Lepralia tetrarjona^ 
Ess. ‘ Foss. Polyp, d. Wiener Tert.’ p. 78, pi. ix. fig. 19, forma 
unicornis, Manz. ‘Bry. Foss. Plioc.’ Contr, iii. = Lepralia 
ansafa, var. tetragona and var. porosa, Eeuss. ‘ Ost.>ungar.’ =: 
Beptoporina tetragona, D’Orb. ‘ Pal. Fr. Ter. Oret.’v. 442. 
Bange. —Form unicornis, Cor. Crag, Vienna Basin, Austro-Hung. 
Miocene ; Italian Pliocene; Scotch Glacial; Paleolithic. Form ansaUt, 
Cor. Crag; Vienna Basin; Ital. Pliocene; Palseolithic. 

124. SOHIZOPORBLLA VULGARIS, MolL (Escliara) = Cellepora otopliora, 

Eeuss, ‘Polyp, d. Wien. Tert.’ p. 90 = Lepralia cognata, Ess. 
‘ Bry. d. deutsch.’ p. 62 = Lepralia intermedia, Ess. ‘ Bry, d. 
Ost.-ung.’ p. 269 == ? Lepralia himida, Manz, ‘ Bryozoa di 
Castro.’ p. 25. 

Bangs, —Vienna Basin, Ess.; Aust.-Hung.; Pliocene dep. BruccolL 
Living. 

125. ScHizoPOBELLA LINEARIS, Hassall = Lepra tenella, Ess. ‘Bry* 

d. Ost.-ung.’ p. 23. 

This species in a living state varies very much, and it will be well to 
refer to botli Mr. Hincks, ‘ Brit. Mar. Poly.’ and Mr. Waters’s paper on 
Bry. Bay Nap., before describing new fossil species or varieties. 

Austro-Hung. Miocene; Pliocene beds, Calabria Australia 

(Waters). 

126. SCHTZOPORELLA BrAPERTA, Michelin (Bscliara) = Lepralia ibid. 

Busk, ‘ Crag P.’ p. 47 ; Manzoni, ‘ Castrocaro,’ p. 21 = Bepto^ 
porina ibid,, D’Orb. ‘Pal. Fr. Ter. Oret.’ 

Bangs, —English Crag ; Castrocaro ; Miocene, Done, France. Form 
eschariformis, Sicil. Plioc. Bruccoli (Waters). 

127. SCHIZOPORELLA AURicuLATA, Hassall: Foss. Australia, Waters, 

‘ Quart. Jour. Gool. Soc.’ vol. xxxviii., p. 273. 

Var. LEONTiKiENSiS, Waters, ‘ Bry. Pliocene, Bruccoli; ’ Waters, ‘ Man¬ 
chester Geol. Soc. Trans.’ vol. xiv., p. 468,1878. 

Bangs. —Sicilian Pliocene. 

128. SCHIZOPORELLA siNUOSA, Busk (see Hincks). 

Bangs. —Canadian Post-Pliocene, Dawson. Living* 

. 129* SCHIZOFORELLA CRUENXA, Norman STS Lepralia molacea var. cryiienta^ 
Busk (Scotch Glacial)* 
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130. ScHizorOKELLA IIYALINA, LinnsBus = Gellepova and Lepralia of 
authors. 

Umtje. —Scotch. Glacial: Post-Pliocene, Canada; Coralline and Ked 
Crajy. Living, very widely distributed. 

131. ScHizoroRELLA VERUSTA, l^orman ?= Lepralia olvia, Manz. ‘ Cas- 

trocaro.’ 

Range .—Scotch Glacial; ? Pliocene, Manzoni. 

132. ScHizopORELLA viGiLANS, Waters, ‘Quart. Jour, Geol. Soc.' vol* 

xxxvii., p, 328, pi. xiv. fig. 13. 

133. ScHizopORELLA PHYMATOPOBA, Ess. (EscJiara ibid.), ‘ Quart. Jour. 

Geol. Soc.’ vol. xxxvii., p. 328, pi. xv. fig. 31, 32. 

134. SCHIZOPORELLA VENTRicosA, ?Hass. (OncliopovLi ibid.), ‘Quart. 

Jour. Geol. Soe.’ vol. xxxvii., p. 328. 

135. SCHIZOPORELLA PEHESTEATA, Waters, ‘ Quart. Jour. Geol. Soc.’ 

vol. xxxvii., p. 339. 

136. SCHIZOPORELLA EUBMERSA, Waters, ‘Quart. Jour. Geol. Soc.’ 

vol. xxxvii., p. 840, pi. xviii. fig. 85. 

137. SCHIZOPORELLA CONSERVATA, Waters, ‘Quart. Jour. Geol. Soc.’ 

vol. xxxvii., p. 340, pi. xviii. fig. 81. 

138. SCHIZOPORELLA SPIROPORINA, Waters, ‘Quart. Jour. Geol. Soc.’ 

vol. xxxvii., p. 340. 

139. SCHIZOPORELLA EXCUBANS, Waters, ‘ Quart. Jour. Geol. Soc.’ 

vol. xxxvii., p. 341, pi. xvi. fig. 56; pi. xviii. fig. 80. 

140. SCHIZOPORELLA AMPHORA, Waters, ‘ Quart. Jour. Geol. Soc.’ vol. 

xxxvii., p. 341. 

141. SCHIZOPORELLA AUSTRALIS, T. Woods, ‘ Quai't. Joup. Geol. Soc.’ 

vol. xxxvii., p. 341, pi. xiv. fig. 15 = Tetraplariaihidi. T. Woods. 

142. SCHIZOPORELLA Cecilix, Aud. {Flustm ibid.), ‘ Quart, Jour. Geol. 

Soc.’ vol. xxxviii., p. 272. 

143. SCHIZOPORELLA coouTA, Gabb and Horn, ‘ Quart. Jour. Geol. 

Soc.’ vol. xxxviii., p. 272, pi. vii. fig. 5 = ReptescharelUna 
comuta, G. & H. ‘Foss. Pol. of Second and Tert.’ 

144. SCHIZOPORELLA BOMBYCiNA, Waters (op. cit. p. 274, Waters), 

pi. ix. fig. 36. 

145. SCHIZOPORELLA MARGiNiPORA, Eeuss (op. cit. p. 274, WatoFs), 

pi. vii. fig. 2 = Gellepora ibid. Pss. ‘ Foss. Polyp. Wien. Tert.’ 
= ReptescJiarellma pro! if era, Gabb & Horn (o}). ciL). 

146. SCHIZOPORELLA ACUMINATA, JBincks (op. ciL p. 274, Watei’s). 

147. SCHIZOPORELLA EiLiFORMis, Waters (Vmcularki forma), op* cU* 

p. 274, Waters, pi. vii, fig. 12. 

148. SCHIZOPORELLA soBizosTOMA, MacG. (Lepralia ibid.), or), cit. p. 274; 

Waters, and vol. xxxix. p. 439. 

Range *—The whole of the above seventeen species of Sc1ii:ioporeUa are 
given on the faith of Mr. A. W. Waters. They are nearly all Australian 
fossil forms, one or two doubtfully related to European and American 
forms. Very full particulars—especially of the new species—-are given 
by Mr. Waters in the various published papers already quoted. 

Genus Mastioophora, Hincks. 

‘ Zooecia with a semicircular orifice, the inferior margin straight, with 
a central sinus: furnished with lateral vibracula* ZoaHuTH inorustingf*’ 
—Hincks, p. 278, . 
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149. MastigophoRaDutebtrei, And. (Fhisira ibid)=Xej:)raZia Woodiana 
Busk, ^ Crag Poly. ’ p. 42, pi. vii., ligs. 1 and d—Lepralia 
auTita, Eeuss, ‘ Bryoz. d. dcutsch. Septarien.’ p. 62=:iLepralia 
otophoTCi, Manzoni, ‘ Castrocaro/ p. 23 (non L.otopliova^ Ess.). 
Idange. —Cor. Crag, Mitteloligocan (Ess.), Older Pliocene, Castrocaro. 
Living. 

Genus EHYNCnopORA, Hincks.^ 

ISfo fossil species recorded. See HIncks, ‘ Brit. Mar. Poly.’ p. 385. 


Genus Schizothega, Hincks, p. 283. 

No record of fossil species. 

Genus Hippothoa, Lamouroux. 

Catenicella^ (part) Blaine. ; ? Terehriporct, D’Ox'b.; MolUa, (part) 
Snaitt. 

‘ Zooeeia distant, caudate, connected witli one another by a slender 
prolongation of the lower extremity, so as to form linear series ; branches 
given off from the sides of the cells; orifice subterminal, suborbienlar, 
with the lower margin sinuated or produced. Zoorium adherent.’— 
Hincks, p. 286. 

150. Hippothoa divaricata, Lamx=H'. 'pafaqonica^ Busk, ‘Crag,’ 
p. 24, pi. i. ng. 5; S. longica^idia, Fischer=if. patagoniea^ 
Busk. 

Bange. —Pliocene, Castrocaro, rare (Manzoni); Scotch Glacial; 
Palaeolithic; var. patagonica, Cor. Crag; Hippurite Limestone, St. 
Gregoire (Michelin). 

151. Hippothoa expansa, Dawson (see Hincks for description, op. ctt 
p. 291). ‘ The species is distinguished from E. divaricata by its 
large size.’—Hincks. 

Bange. —Post-Pliocene, Beaufort and Eiviere-du-Loup, Canada 
(Dawson). Living, Shetland. 

152. Hippothoa flagellum, Manzoni, ‘ Bryoz. Foss. Ital.’ 4th Contrib. 
6, p. 1, f. 4. 

Bange. —Pliocene, Calabria; Castrocaro (Manzoni). 

Family XV. Escharidje, (part) Smitt. 

This is by far the most important family group founded by the Eov. 
Thomas Hincks in his work on the ‘Brit. Marine Polyzoa,’ and the 
description of the genera and species occupies over 100 pages of the 
work. So far as the different genera have been worked, the grouping 
appears to be perfectly natural; but at the same time, as our knowledge 
increases of the foreign Eecent as well as Fossil forms, some of the 
genera might require modification. Under present circumstances it is 
best to adopt the family as it is. 

‘ Zoarinm calcareous, incrusting, or erect and lamellate, or ramose. 
Zomcia without a membranous area, or raised margins: («) with a 
simple primary aperture, horseshoe-shaped, or semielliptical, or suhor- 
bicular; or (/3) with an elevated secondary orifice inclosing an avicu- 
larium; or (y) with a primary orifice having a dentate lower margin, 
and a secondary orifice channelled in front or entire; or (S), with the 

* This genus is wrongly placed among the Esclmri^. It belongs to the family 
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lowei’ margin elevated into a mucro; in all cases destitute of a true shins 
and special pores/—Hincks, p. 29o. 

Mr. Hincks gives (p, 296) a brief synopsis of this group, made up of 
three divisions;— 

I. Species *with a simple primary orifice. Genera: Lep'alla^ Urn- 
honula} 

ir. Species with a secondary orifice differing in form from the primary. 
Genera: Porella, PJscharoides, Smittia, Fhylactella, 

III. Species with a mucronate elevation of the peristome. Genera : 
IPicronella, Pahmcellaria, EhyncliopoiXL^ 

I. With a simple primary orifice only. 

Genus Lepralia, Johnston (part). 

‘ Zoa^cia usually ovate, wdth the orifice more or less horse shoe-shaped, 
arched above, contracted at the sides, and with the lower margin entire 
and generally slightly curved outwards. Zoarinm incrusting, or rising 
into foliated expansions, composed of one or two layers of cells.’—P. 297. 

153. Lepralia Pallasiana, Moll. (Bschara), Busk, ‘Crag Poly.’ 
pi. ix. fig. 7; Waters, ‘ Bruccoli Paper.’ 

P.ange. —Pliocene: Bruccoli, Sicily, Crag. Living: Scandinavia, 
British. 

154 Lepralia eoliacea, Ellis and Sol.; Manzdni, ‘ Brioz. Foss. Ital.’ 
4th Contr. p. 18, pi. i. f. 4; pi. iv. f. 24. Waters, ‘ Quai't. Jour. 
Geol. Soc.’ vol. xxxviii., p. 268, pi. vii. fig. 3. ‘ There is a slight 
diflerence in the placement of the avicularia in the Australian 
form,’—See paper by Mr. Waters. 

Eange. —Bairnsdale, Australia.; Italian and Sicilian Pliocene; Brac- 
coli (Waters). Living, various localities. 

155. Lepralia pertusa, Esper (Oellepora), 

Eange. —^Fossil; Scotch Glacial; Palaaolithic (A, Bell) ; Australia 
(Waters). 

156. Lepralia adpressa, Busk=Lepmha lata, Manzoni, ‘ Bri., Plio, 
Ital.’ 1st Contr., pi. iii. f. 2. 

Eaiige. —Fossil: Italian Pliocene, Manzoni, Living. 

157. Lepralia hippopus, Smitt. 

Eange. —^Po.?t-Pliocene, Canada (Dawson). Living. 

158. Lepralia edax, Busk {GeUepora, ibid,), ‘ Crag Polyzoa,’ p. 59, 
pi. ix. fig. 6, pi. xxii. fig. 3 = OtmuUpora angnlafa, V. 
Munst., BiSs. ‘ Septarien.’ p. 63, pi. viii. fig. 12=J;. edax, Waters, 

‘ Quart. Jour. Geol, Soc.’ vol. xxxviii. p. 270. 

Eange. —Fossil: Australia, Mt. Gambior; Sellingeu (Reuss.); Crag 
(Busk). Living. 

159. Lepralia corruoata, Waters, ‘ Quart, Jour. Geol. Soc/ vol. 
xxxvii., p. 335, pi. xvii. fig. 60. S. W. Victoina. 

160. Lepralia monilifera, M.«Ed., var. armata, Watei's, ^ Quart. Jour. 
Geol, Soc.’ vol. xxxvii., p. 335, pi. xv. fig. 24. S. W. Victoria, 

161. Lepralia spatulata, Waters, ‘Quart. Jour. Geol. Soc.’voL xxxvii., 
p. 335, pi. xviii. fig. 87. S. W. Victoria. 

162. Lepralia oleidostoma, Smitt, var. rotunda, Waters, ‘ Quart. Jour. 
Geol. SocJ vol. xxxvii., p. 335, pL xviii. fig. 92. S. W* Victoria. 

* T/mbonelln in text, pp, 296 and 316, , , 

- The genus Ehynchopcm is not given by Mr. Hincks in the introduction. 1 have, 
however, included it: see p. 3. • 
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163. Lkpealia Burlingtoniensis, Waters (Vincularia forma), ^ Quart. 
Jour. Geol. Soc.’ vol. xxxviii., p. 270, pi. vii. f. 6. Bairnsdale. 

164. Lepralia depressa, Busk, var., ‘ Quart. Jour. Geol. Soc.’ vol. 
xxxviii., p. 509. 

165. Lepralia Bairnsdalei, Waters, ‘ Quart. Jour. Geol. Soc." vol, 
xxxviii., p. 509. 

166. Lepralia Gippslandii, Waters, ‘Quart. Jour. Geol. Soc." vol. 
xxxviii., p. 509, pi. xxii. f. 12. 

Bange ,—The whole of the above are fossil species and varieties, 
described by Mr. Waters as occurring in his ‘Australian Miocene" ? Material. 

Genus TImlonula, Hincks (see Brit. M.P. p. 316). 

167. Umbonula VERRUCOSA, Esper (? Oellepom ibid.). 

Range. —Scotch Glacial; Palseolithic (Bell). Living. 

II. With a raised secondary orifice. 

Genus Porella, Gray. 

^ZooGcia with a primary orifice, semicircular; secondary (or adult) 
orifice elongate, inversely sub-triangular or horseshoe-shaped, inclosing 
an avioularium usually with a rounded mandible. Zoariitm incrusting or 
erect; foliaceous, with a single layer of cells, or ramose."—Hincks, 
p. 320. 

168. Porella OONOINNA, Busk (Lepralia ibid.)=Lep?uZia Dawson 
‘ Rep. Geo. Surv. Canada." Rorella concinni, Waters, ‘ Quart. 
Jour. Geol. Soc." vol. xxxviii., p. 271. 

Range, — Scotch Glacial; Palaeolithic; Post-Pliocene, Canada; 
Miocene? Mt. Gambler, Australia (Waters). 

169. Porella minuta, Herman (Lepralia i\>id.)^?Lepralia oliiloporay 
Manzoni, ‘ Oastrocaro," 32, pi. iv. £ 51. 

Range .—Older Pliocene, Castrocaro (Manzoni), ‘ If I am right in the 
identification" (Hincks). Living: only a few British localities—Shet¬ 
land, Hastings (Jelly). 

170. Porella ehenbata, Waters, ‘ Quart. Jour. Geol. Soc." vol. xxxvii., 
p. 336, pi. xvii. fig, 69. 

171. Porella denticulata, Stol. (Waters), ‘ Quart. Jour. Geol. Soc." 
vol. xxxvii., p. 936, pi. xvii. fig. 70^Flu$trella ibid. (Stol.), 
‘ Foss, Bry. Orak." p. 188, pi. xx. fig. 2. 

172. Porella MARSUPiujki, MacG. (Waters), op. ciL vol. xxxix.,p.437= 
Lepralia ibid., MacG. ‘ Trans. Roy. Soc. Yict." 1868. 

Range. —Miocene, Australia (Waters); MacGiliivray, 

Genus Escharoides, Smitt, 

Ho fossil record. See Hincks, ‘ Brit. M. Pol." p. 336. 

Genus Smittia, Hincks. 

‘ Zomcia with the primary orifice suborbicular, the lower margin entire 
and dentate; peristome elevated, and forming a secondary orifice, which is 
.channelled in front; generally an avicularium below the sinus. Zoarivm 
^ either incrusting, or erect and foliaceous, the cells in a single or double 
layer,"—^Hincks, p. 340. 
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173. Smittia Landsbouyit, Johnst.; Lep'alia ibid. See Hincks for 

mimite particulars, pp. 341-346. 

174. Yar. crysiallma, Norman. 

Bcmge ,—Geikie records the variety as occurring in Scotch Glacial beds. 
Living. 

175. Smittia reticulata, Mac G. (LepraUa ibid.); Waters, ‘Quart. 

Jour. Geol. Soc.’vol. xxxviii.; Hincks, ‘ Brit. Mar. Pol,’p. 34G, 
pi. xlviii. figs. 1-5. 

'Bange. —Fossil: Bairnsdale, Australia. Living: Northern Seas, Brit., 
Australia. 

176. Smittia chetlostoma, Manzoni = LepraUa ibid., ‘ Bry. Foss.’ 

3rd contrib. p. 13, pi. iv. fig. 22. 

Faiige .—Italian Pliocene. Living, abundant, South coast. 

177. Smittia trispinosa, Johnst.=Bi>copo?Y6 ibid., Johnst.; see Hincks, 

p. 353 = S. trispinosa,'WQ,teYS, ‘Quart. Jour. Geol. Soc,’ vol. 
xxxviii., p. 272, pi. viii. fig. 20. 

Bange. —Miocene, Australia (Waters, Mt. Gambier); Post-Pliocene, 
Canada (Dawson). Living: Very widely distributed. 

178. Smittia CENTRALIS, Waters, ‘Quai’t. Joui\ Geol. Soc.’ vol. xxxvii,, 

p. 337. S. W. Victoria. 

179. Smittia centralis, var. Icevigata^ Waters, ‘Quart. Jouiv Geol. 

Soc.’ vol. xxxvii., p. 337, pi. xiv. figs. 7 and 8. S. W. Victoria. 

180. Smittia Tatei, T. Woods. (Eschara ibid. T. W.) ‘Quart. 

Jour. Geol. Soc.’ vol. xxxvii., p. 337, pi. xvii. fig. Cf>. Mt. 
Gambier = Bschamporrecta^ T. Wood, ‘On some Tert. Aust. 
Pol.’ 

181. Smittia anceps, MacG. (Lepm^m ibid.) Waters, ‘Quart. Jour. 

Geol. Soc.’ vol. xxxvii., p. 337, pi. xviii. fig. 94. 

182. Smittia bi-incisa, Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., 

p, 272, pi. vii. fig. 1. 

Bange, —^Miocene, Australia (Waters). 

183. * Smittia SERXATA, Eeuss = Lepmlta ibid. Reuss, ‘ Die Foss. Dry. 

des. Ost.-ung.’ p. 32, pi. ii. fig. 12 = Smittia ibid. Waters, 

‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., p. 272, pi. viii, fig. 17. 
Bange, —Miocene, Baden (Rss.) ; Australia, Mt. Gambier, Waters. 

184. Smittia Napieri, Waters, ‘Quai't, Jour. Geol. Soc.’ vol. xxxix., 

p, 438, pi. xii. fig, 14. 

Bange, —Miocene, Napier; New Zealand; Waurn Ponds, Busk. 

185. Smittia turrita, Smitt ~ LepraUa ibid., Sm.;f ‘ Floridan Bry.’ 

p, 65, pi. xi. figs. 226-228 = S. farrita, Sm., Waters, ‘ Quart. 
Jour. Geol. Soc/ vol. xxxix., p. 438. 

Bange, —Miocene, Australia. Living, Florida, 

Genus Phylactella, Hincks. 

LepraUa sp., auctt. AUsidoia sp., Busk. 

‘ Zomia with the primary orifice more or less semicircular, the lower 
margin usually dentate; peristome much elevated, not produced or chan¬ 
nelled in front. No avicularia. Zoarium incrusting/—Hincks, p. 356, 
185a. Bhjlaoidla collaris, Norman (LepraUa ibid.) s= Smittia collaris 
var., Waters, ‘ Quart. Jour. Geol, Soc.’ vol, xxxix., p, 438, pi. 
xii, fig, 10. 

Mr. A. W. Waters, in his remarks on Smittia collaris, Nor., given 
above, says: have always found the greatest difficulty in distinguishing 



ON ¥OSSIL POLYZOA. 


129 


between PhjlaeieJla and Smittia, and have always expressed mj doubts 
as to the advisability of using the shape of the peristome as a generic 
character ; and the present form, which is closely allied to, if not identical 
with, P. collaris, Norman, has decided me to only use the name Smiitia 
for what are looked upon as belonging to these two genera.’ 

Eange, —Miocene, Australia, Waurn Ponds and Waurn Quarry 
(Waters). Living, Brit, localities. 

186. Phylactblla labeosa, Busk = Ahjsidata ibid,, ‘Crag Pol.’ p. 26 
pL xxii. fig. 7. ’ 

Range ,—Bed Crag. Living, several Brit, localities. 


III. With a mu cron ate peristome. 

Genus Muceonella, Hincks. 

^ Zoo^na with a suborbicular or semicircular orifice; the peristome 
elevated in front into a more or less prominent macro. Zoarmm in- 
crusting.’—Hincks, p. 360. 

187. MtJCEONELLA Peachii, Jolinst. = Lepmlia ibid., Busk, ‘Crag 

Pol,’ p. 48, pi. V. figs. 6, 7, 8; pi. vi. fig. 4. 

Range .—Coralline Crag, abundant; Mid. Pliocene beds, Suffolk Crag; 
Upper Pliocene ; Palasolithic (A. Bell) ; Scotch Glacial (Geikie). 

188. Muceonella ventbicosa, Hassall = Lepralia ibid., Busk, ‘ Crag 

Pol.’ p. 49, pi. vi. figs. 3 and 6 = Lepralia ibid., arrecta, Rss. 
‘Bry. Ost.-ungar.’ p. 24, pi. ii. fig. 11. 

Range. —Coralline Crag; Aus. Mid. Pliocene, Pateolitbic (Bell); 
Miocene, Austro-Hung. (Reuss). Living, rather widely distributed. 

189. Muceonella variolosa, Johnst. = Lepmlia ibid., Busk, ‘ Crag 

PoL’p. 48, pi, iv. fig. 6 (? fig. 8), and pi. viii. fig. 8 = Lepmlia 
serridata^ Rss., ‘ Bry. Ost.-uug.’ p. 27, pi. ii. figs. 2 and 3 = 
Lepmlia tenera, Rss., ibid. p. 27, pi. ii. fig. 4. 

Range. —Miocene, Austro-Hungary (Reuss); Mid. Pliocene; Coralline 
and Red Crag. Living: Northern Seas. 

190. ? Muceonella microstoma, Norman (Hincks, p. 370), Waters, 

‘ Quart. Jour, Geol. Soc.’ vol. xxxviii., p. 265. 

Range. —Doubtfully, Australia, Mt. Gambier. Living, Shetland. 

191. Muceonella coccinea, Johnst. (Hincks, p. 271) =: Lepmlia ma^ 

millata^ Busk, ‘ Crag Pol.’ p. 46, pi. vi. fig. 5 = Lepralia 
mamillaia^ Manzoni, 2nd Cont. p. 6, pi. ii. fig. 8 = Lepmlia 
pteropcra^ Reuss, ‘ Pol. Wien. T.’ p. 81. pi. ix. fig. 26 = Le- 
pralia pteropora, Manzoni, ‘ Bry, Boss. ItaL’ 3rd Cont. p. 1, 
fig. B = Distans escharellina, ibid., D’Orb., ‘ Pal. Pran^ ; ’ 
Lepralia Manzoni, loc. cik p, 6, pi. i. fig, 5 = 

? Lepralia fuigurans, Manzoni, Joe. cit. p. 7, pi. i, fig. 6; Lepmlia 
quadricomiita, Dawson, ‘ Canad. Naturalist,’ 1857 ; Lepralia 
resupmata., Manzoni, ‘ Castrocaro,’ p. 20, pi. ii. fig. 26; Lepralia 
resupinata^ Waters, ‘ Bry. Bruccoli,’ loo. dt p. 474; Mmronella 
coccinea.^ Johnst., Waters, ‘ Quart, Jour. Geol. Soc.’ vol. xxxviii,, 

p. 266. 

Range. —Fossil: Eocene ; Miocene, Eui’ope; Miocene, Australia, Mi, 
Gambier; Pliocene, Crag ; Quaternary, Livorno, Manzoni. Living, 

192. Muceonella mucrqnata, Smitt =?= Rscharipora ibid., ‘ Floridan 

Bry.’ p, 24, pi. v. figs. 113-115 = ? Bscham Livefsidgi% T. 
1884. K 
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Woods, ‘Tert. Aust. Pol.* 1876, p. 3 = If. Waters, 

‘ Quart. Jour. Geol. Soc.^ vol. xxxviii., p. 328, p. xvii. fig. 66, 

Bmige. —Miocene, Australia. Living: Florida (Smitt). 

193. Muoronella. duplioata, Waters (VIncularia iorm), ‘Quart. Jour. 
Geol. Soc.’ vol. xxxvii., p. 328, pi. xvi. fig. 54. 

194 Mxjcronelra elegans, MacG. (var. ?), ‘ Quart. Jour. Geol. Soc.’ 
vol. xxxvii., p. 329, pi. xviii. fig. 91 = ? Ebclutra elegcuis, 
MacG., ‘ Aust. Poly. Trans. P. Soc.’ Victoria. 

195. Muoronella ntiida, Yem\l=i Bisoopora ibid., Vor., ‘Amor. 

Journ. Sc.’ vol. ix. p. 415, pi. vii. fig. 3, 1875 = Lepmlia re- 
ticulaia^ var. inceqvaUs, Waters, ‘Bry. of Naples’ MmroneJla 
nitida^ Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., p. 507. 

Bange. —Miocene, Australia. Living, M, elegms and oiitida. 

196. Muoronella poro^^a, Hincks, Waters, ‘ Quart. Jour. Geol. Soc.’ 

(Addendum, p. 512) vol. xxxviii. • Hincks, ‘ General Hist, of 
Mar. Polyzoa; ’ ‘Ann. M. Nat. Hist.’ ser. 5, vol. viii. p. 124, 
pi. i. fig. 4. 

Bange, —Fossil: S.W. Victoria, Australia, Living: Curtis 11., Singa¬ 
pore, Tasmania. 

Genus Palmicellaria, Alder. 

‘ Zooecia witli tke primary orifice orbicular, or ranging from semi¬ 
circular to semielliptical; tbe peristome elevated around it, so as to form 
a secondary orifice, and carried out in front into a projecting palmate or 
mucronate process with an avicalarium on its inner aspect. Zoarlum erect 
and ramose, or lamellate.’—Hincks, p. 378. 

197. Palmicellaria Skenei, Ell. and Sol. (Mlllepora ibid.) == Lepralia 

bioornis, ‘ Crag Pol,’ p. 47, pi. viii. figs. 6 and 7 ; ‘ Brit. Mar. 
Poly.’ p. 880 == P. Shenei^ Waters, ‘ Quart. Jour. Geol. Soo.’ 
vol. xxxviii., p. 511. 

Bange. —^Fossil: Crag (Mr. Waters puts?); Bairnsdale, Australia 
(Waters). Living: Northern Seas. 

Genus Betepora, Imperato. 

See Hincks, oji. cit., for special details, pp. 388 to 397. 

‘ Zocpoia disposed on the front surface of an erect and ramose zoarium, 
the branches of which usually inosculate and form a reticulate expansion ; 
orifice semicircular or semiclliptical, with a prominent rostrum on the 
lower margin, bearing an avicularium. Zoarium adherent by means of 
an incrusting base, composed in great part of aborted colls; nvicularia 
developed on both the back and front of tbe zoarium.’—Hincks, p. 388 
(op. cit). 

198. Betepora Beaniana, King (‘ B. M. Pol.’ p. 391), ibid. Busk, 
‘ Crag PoL’ p. 75, pi. xii. figs. 2, 5, 6, and 7; Waters, ‘ Quart. 
Jour. Geol. Soc.’ vol. xxxix., p. 439. But Mr. Waters doubts 
whether the species described by Stoliezka is really P. Beaniana. 
== ? Tjepmlia lobata, Busk, ‘ Crag Pol.’ p. 50, pi. vx. fig. 7; pi. 
xxii. fig. 4, the young state, 

Bange. —^Fossil; Coralline and Red Crag; Miocene, Australia; Waters. 
Living. 

199. Betepora Ooughii, Hincks (op. cit^ p. 395) = P. celMosa, var. 
Beanianai Manzoni, ‘Bry. Foss. Ital.’ 4th Oontrb. p. 19, pi. v. 
fig. 26.^ 

Range. —^Italian Pliocene beds, Manzoni. Living. 
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200. EiETEPOLa maesuptata, Smitt Floridan Bryozoa ’) = FJiilodojpliora 
labiata, Gabb & Horn, ‘ Polyzoa of Second and Tert. Form, of 
IST. America,’ p. 138, pL six. fig. 21 ; Waters, ‘ Quart. Jour. Geol. 
Soc.’ vol. xxxvii., p. 342, pi. xv. figs. 34->36 figs. 59-61, 76, 77, 

Bange. —Miocene, S. Barbara, Amer. (G. & H.) ; Mt Gambler, Aus¬ 
tralia (Waters). Living: Floridan seas (Smitt) ; Teneriffe (Busk). 

201. Betepoea eimata, Waters, ‘ Quart. Jour* Geol. Soc.’ vol. xxxvii., 
p. 348, pi. xvi. figs. 48, 35. 

202. Betepoea deserta, Waters, ‘ Quart. Jour. Geol. Soc.’ vol. xxxviii., 
p. 511. 

Bange —S.W. Victoria; Mt. Gambler, B. rimata; Bairnsdale, B. 
deserta. 

Genus Oellepora, (part) Fabricius. 

Gelleporarut, Lamk.: Beuss, D’Orb. (for branched species). Spongites^ 
'Oken: Beptocelleporaria (sp.), D’Orb. (for incrusting species). 

‘ Zooecia arceolate, erect or sub-erect, heaped together, or irregularly 
disposed ; the orifice terminal, with one or more ascending rostra in con¬ 
nection with it, bearing avicularia. Zoarium incrusting, often composed 
of many layers of cells, or erect and ramose.’—Hincks, p. 398. 

203. Cellepoea pumicosa, Linnceus. (See Hincks, op, cit.^ p. 399.) 
? Manzoni, ‘ Ital. Plioc, Foss.’ 

Bange, —Scotch Glacial (Geikie) ; Ital. Pliocene ? (Manzoni) ; O. 
pumicosa^ Busk (non Linn.); Australia (Waters, op. cit,, voL xxxviii., 
p. 514), Living, generally distributed. 

204. Cellepoea eamulosa, Linn. (Hincks, p. 401, op. cit.) ; Busk, 

^ Crag Poly.’ p. 58, pi. ix. fig. 2 ; Manzoni, ‘ Bri. Foss.’ 4th 
Contr. p. 12, pi. v. figs. 29, 29', pi. vi. figs. 30, 30', 30". 

Bange. —Coral Crag; Ital. Pliocene. Living, widely distributed. 

205. Cellepoea tueigeea, Busk, ' Crag Polyzoa,’ p. 60, pi. ix. figs. 8 
& 10; Manzoni, ‘Bri. Foss.’ 4th Contr., p. 14, pi. iv, fig. 
25 (?). 

Bange. —Coral Crag ; ? Ital. Pliocene (Manzoni). Living. 

206. Cellepoea Costazii, And. (Hincks, op. cit p. 411) = Gellepora 
Sassallu, ‘Brit. Mus. Oat.;’ Manzoni, ‘Bri.’ 4th Contr. p. 17, 
pi. iv. fig. 22. 

Bange ,—Icalian Pliocene (Manzoni). Living. 

207. Cellepoea yaeeaensis, Waters, ‘ Quart. Jour. Geol. Soc/ vol. 
xxxvii., p. 343. See ‘Quart. Jour. Geol. Soc.’ vol. xxxviii. p, 
512, pi. xxii. fig. S. 

208. Cellepoea fossa, Haswell (Waters), ‘Quart. Jour. Geol, Soc.* 
vol. xxxvii., p. 343, pi. xviii. fig 89 = Sphceropora, ibid., Hass., 

‘ On some Poly, from the Queensland Coast.’ 

Bunge, —^IMiooene, Australia (Waters), and Mt. Gambier. Living (0. 
fossa) : Holborn Is., Queensland. 


Sub-order II. Cyolostomata, Busk. 


Gyclostomata, Smitt; Tuhulepnrina, Milne-Ed., Johnst.; Auhponna 
and Myrioporina^ (part) Bhrenb.; Gefioporina^ (part) Broun; 
Gentrifuginea, (part) D’Orbigny. 


^Zooecia tubular, with a plain inoperoulate orifice; mmmpia and 
appendicular organs wanting/—Hincks, p. 139. 


k2 
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Group I. Radicellata, D’Orbigny, Smitt. 

Ariiciilata s, radiata^ Bask, ‘ Crag Polyzoa.’ 

^ Zoarimi erect, articulated, attached by radical tubes/ 

Family I. Crisiim, Johnston. 

^ Zoarmm dendroid, calcareous, composed of segments, united by 
corneous joints, Zocecia tubular, disposed in one or two series.*—Hincks, 
p, 417. 

Genus Unicrisia, D’Orb. 

Type Unicrisia vlndohonensis^ D’Orb. 

lam not familiar, otherwise than by figure, with D’Orbigny’s species, 
but the form described and figured by Reuss in his ‘ Val di Lonti 
Bryozoa,* is present also in the Bryozoa material from Monfcecchio 
Maggiore, North Italy, though not given in the lists of the author. 
The zoarium is uniserial, but unlike any other uniserial Grisia known to 
me. The zocecia are borne npon a kind of stolon, out of which the cells 
are developed, and these are pyriform; the proximal part of the cell 
.contracting and the distal protruding from the stolon. 

1. Unicrisca tenerrima, Reuss = ? Unicrisia vindohonensls, D’Orh., 

‘ Palseontol. Ter. Oret.* = Crlslavindohonensis, Reuss, ‘ Foss. Pol. 
d. Wien. Tert.* 

liange. —^Miocene, Val di Lonti; Montecchio Maggiore, N. Italy. 

Genus Crtsia, (part) Lamouroux. 

ZooQcia in a single series, or in two alternate series.’—^Hincks, p. 418. 

I have no knowledge of Fossil Orlsia of the type Grisia cormda^ Linn. 

' The only unicellular form known to me is the one already described, and 
this is so unlike any Grisia known to occur in a recent state, that I place 
it in the group out of deference to Reuss and D’Orbigny, and because the 
fragments are too small to allow of proper location in this or in any other 
group. The* following, however, are true Crkue but I am not certain 
that all the identifications of authors avo correct. Anyone who has 
.studied this genus in large masses must be convinced that the characters 
npon which species are founded vai’y considerably. These characters are, 
for the most part, the number of cells to each inteimode and tlie positions 
.from which the branches arise. Thus we find that 0. ehiniea,^ G, denticu^ 
data, (7. acrojpora, 0. ehm-neo-denticulata, and 0. margaritacea have, so far 
as features are concerned, a common likeness. In G. elongata and G. 
sinclarensis we have another special featoe, especially so in the crowded 
state of the minute foramina of the cells. In G, fishdosa, G. hibulosa, and 
(7. HoIdsivortMi, we have different characters again; while in 0. hJcL 
wardsiana and 0. coi\feria we have two additional types of moeoia and also 
.zowrmm. In a fossU state, it would be difficult indeed to distinguish 
specific characters in the first group, hut not so difficult with the other 
groups. In the following list, then, so far as I have a personal knowledge 
of the forms, I will distinguish the first as Group u. The others are 
sufficiently characteristic to allow of proper identification in the fossil 
state. 

^ See JBrit, Mus. pt. hi.; ‘ Marine Polyzoa,* Bu$k, and plates. 
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Group a. 

2. Crisia eetjrkea, Linn. 3. Crtsia denticitlata, Lamk. = Crisia 
sulcequalis, E»enss, ‘ Palaont. Stud.’ = Grisia gracnilis^ Boemer, 
‘ Norddentscli. Tert. &c.* p. 23, tab. iii. 3 = Crisia, undescribed, 
^Australian Bryozoa '=Crisia, undescribed, ‘Australian Bryozoa,' 
G. elongata type = Grisia dmticulata ? Busk, ‘ Crag Polyz.’ p. 
93, pi. i. %. 8. 

Range .—Scotch Glacial; Post-Pliocene, Montreal (Dawson) ; Suffolk 
Crag, Palaeolithic (Bell) ; Miocene, Australia, undescribed,^ but 
in my cabinet; Austro-Hungarian Miocene, Reuss. I see no 
reason for separating from the above group the Horth Dutch 
species of Boemer, or the Horth Italy species of Reuss. 

4. Crisia eistulosa, Heller (non Busk), ‘ Bry. Bay of Naples, Ann. 

Mag. Nat. Hist.’ Ap. 1869, p. 268 = 0. JSaueri, Bss., ‘ Foss. Polyz. 
des W. Tertb.’ p. 54, pi. vii. fig. 22-24 = ? 0. eburnea, Manzoni, 
‘ Bri. Foss, del Mioc. Aust.-Ungh.’ p. 3, pi. i. fig. 1. 

Range. —Miocene, Nassdorf; Berchtoldsdorf and Wieliczka, Pliocene ; 
Rhodes (M.). Living, Naples. 

5. Crisia elongata var. angusiata^ Waters, ‘Bry. Bay Nap.’ he. cit, 

p. 269, pi. xsiii. fig. 4 = ? 0. JEdwardsii, Reuss, ‘ Die Polyp. W. 
T.’ p. 53, pi. vii. fig. 20 = ? (7. Bdwardsii^ Manz. ‘ I Bri. Foss. 
Aust. ed Ungh.’ The above are the suggested identifications 
by Mr. Waters. 

Range. —Miocene, Austro-Hung. Living, Naples. 

I have a fragment of a species with ovicell like 0. C07iferta, Busk 
(‘ Brit. Mus. Catalogue,’ pi. vi. a, pt. iii. p. 7), among my material from 
Montecchio Maggiore. I would be glad if local students would search 
for and describe the form. 

The following are given by Reuss in his ‘ Foss. Pol. des W.’ as occur¬ 
ring in the Marine Limestone of Nussdorf and Eisenstadt. 

Grisia JJJdwardsii, Reuss ; 0. ITornesu, R.; 0. Hauerij^ Rss.; Orisidia 
rtndohmmisis (Unicrisia). 

Group II. Incrustata, D’Orbigny. 

* Centrifugenes empalees a cellules non operculees,’ D’Orb, (pars); 
‘ Inarticulat^e seu adfisae,’ Busk, ‘ Crag PoL’; Inckhsta, D’Orb., Smitt. 

Zoarmm continuous, calcareous, not divided by corneous joints, or 
furnished with radicle tubes; erect and attached by a contracted base, or 
recumbent and immediately adnate, either wholly or in part. 

In my last * Brit. Assoc. Report on Foss. Polyzoa ’ (Southport, 1883), 
I felt compelled to found the Family Stomatoporid^ for the inclusion 
of peculiar Palaeozoic and Maesozoic forms. In this grouping I took 
Stomatoqwra as the type of the family. The-Recent ^tomatoj>o7XB are, 
however, so multiform in habit that it seems to me unwise to increase the 
difficulties by placing in the way of the student any ill-digested or 
unnatural associations. But the case may be stated thus : the Stomato- 
porse of the older rocks differ in many points from those existing in our 
present seas. The simple forms such as 8* granulafa, Edw., agree with 

^ Since this was written Mr. Waters has sent his promised paper on the 
Australian Cyclostomata to the G-eol. Soc. (read June, 1884), and it win be found in 
vol. xl. Quart. Jour. Gaol. Boc. (G, B. V.) 

® C Maucri, Rss.; similar to C. ehwrnea Lamx., Rss, 
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many of tlie Cretaceous and Jurassic species in tlie^r nnicellular cliaracter, 
and Stomatopora major, except in tlie want) of fenestration, seem to be 
allied to forms described by Prof. ITicholson from the Cincinnati rocks of 
America, but my own unisonal forms differ from tlic flurassic.^ 

Family IT. Tubulipoeid^e. 

Zoarlum entirely adherent, or more or less free and erect, multi form, 
often lineal', or flabellate or lobate, sometimes cylindrical. Ztxijritt 
tubular, disposed in contiguous series, or in single lines. Oa^t'unn an 
inflation of the surface of the zoarium at certain points or a modiiied cell. 

In Busk’s ^ Crag Polyzoa,’ p. 91, the TubaliporicIa3 inclmlo the three 
genera— Mesenteripora^^laixiY ^ Tulndipora, Laink., and AlccAo (Stomato- 
pora) Lams. In the ‘ III. Brit, Mus. Catalogue of Polyzoa,’ p. 23, Alcrln, 
8 iomato 2 ^ 0 Ta and Tuhulipora only are included. The ]\[eseibfmpora is 
relegated to the Diastopoi’idce, In Mr. Hincks’ ‘ Brit. Marino Polyzoa,' 
the Tubuliporidm include the genera— 

Stomatopoea, Broun. ENTALOPHorv-A, Lamx. 

Tubulipora, Lamk, Diastopora, (part) Lams. 

Idmonea, Lamx. 

Genus Stomatopoka, Bronn. 

1821, Alecto,^ Lams.; 1825, Stomatopora, Broun.; 1S26, Aulopom^ 

Goldfuss (part). 

Zoarimn repent, wholly adnate, or free at the extremities, or giving off 
erect processes, simple or branched; branches more or less ligulate. 
Zomcia in great part immersed, arranged in a single series or in several, 
which take a linear direction or are very slightly divergent.—Busk, 

‘ Brit. Mus. Cat. III.’ p. 23 ; Hincks, ‘ Brit. Mar. Polyzoa,’ p. 424. 

Of my own knowledge I have but little to furnish respecting Tertiary 
Stomatopora below tho ‘ Crag.’ My continental material, both Eocene 
and Miocene, has only yielded to me a few very minute fragments of two 
species. In his work on the ‘ Bryozoa of Castrocaro ’ (Pliocene), Maiizoni 
describes three species of Stomatopora (Alecto) as found by him. One 
species of very fi'eqiient occurrence is named by him Aledo Castronaroirv's, 
Manzoni. It is a very fitte example of this type. The large and peculiar 
character of the cells is noted by the author (‘ Brloz. Castro.’ p. 40, pi. vi. 
figs. 71, 71^). The are granulose and punctate, but except that lu) 

speaks of the grand dimensions of the cells -we are left in entire iguoranc(‘ 
of their natural size. Besides this beautiful form Manzoni describes and 
figures two other Shmatoporm —S. (Alecto) repens,^ Wood, and 8, (Aledo) 
parmita,^ Heller. 

In the ‘ Crag Polyzoa’ (p. 112, pi. xx. figs. 5, 8, and ibid, figs. 0, 7) 
Mr. Busk describes and figures A, repens, S. Wood, and A. ddlatans, W. 
Thomson. I cannot regard—so far as I may bo allowed to express an 
opinion by comparing the figures in the absence of specimens of Manzoni’s 
type—the A. Te 2 )ens of Busk, and the A. repens of Manzoni as one and the 
s^e species. The Crag specimens in my cabinet show very well the 
characters of Busk’s species, but none of the cell characters of Manzoni’s. 

^ See ♦Silurian IJmserial Stomatoporae and Wenlook Polyzoa^ (mihp, Quart* 
Jmtr. Geol, Boe., Aug. ISSi, Feb. 1882. 

2 Hame previously used for a,group of Echinoderms by Leacb (1814). 

» Ibid, tav, vi. iig. 72. « Tav. vii. fisr. 80 
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In Ills ^ Bryozoa of tlie Bay of Naples ’ (p. 27$, op, cit Ap. 1879), Mr. 
Waters associates with A, repens^ Wood, the Dlastopora echinata^ Rss., and 
D, repens, Smitt, and describes, but does not figure, a variety of A. repens^ 
Wood, as A. repens, var. vitneusis (habitat on Terehratula ritrea). Llr. 
Hincks, however (‘Brit. Mar. Polyzoa,' p. 427), gives the following 
s^monymy: Stomatopora major, Johnston = Tuhullpora repens, S. Y. Wood 
= Aledo repens, Busk, ‘ Crag Polyzoa,’ pi. 112, fig. 8 (not fig. 5). 

6. Stomatopoea geanulata, M.-Edw., Hmcks,p. 425, pi. ivii. figs. 1, 2; 

Busk, ‘ Brit. Mus. Cat. III.’ p. 23, pi. xxxii. fig. 1 = fif. granulata, 
D’Orb; S- incrassafa, D'Orb., ‘ Pal. Pr.’ = ? Alecto parasita, 
Heller, ‘ Bry. Adr.’ p. 40, pi. iii. fig. 10^?Aleoto parasita, 
Manzoni, ‘ Castrocaro,’ p. 41, pi. vii. fig. G9 = ? Stomatopora^ 
minima, Boemer, ‘Bry.’ woodcut, p. 22, pi. iii. fig. 2. 

Itange. —Hincks says, ‘ Gres vert infcrienr, France ; Norddent, Tert. 
Oligociin’(Roemer, S'.mmiV/ict); Castrocaro (Manzoni). Living: Adriatic 
and Brit. Seas. 

7. Stomatopoea eugulosa, Rss. ; Aulopora ibid. Rss. ‘ Foss. Pol. dos 

Wiener Tert.’ Marine Limest. 

8. Stomatopoea bivaeicata, Rss.; Aulopora, ibid. Rss. ‘ Foss. Pol. des 

Wiener Tert.’ Marine Limest. 

9. Stomatopoea eegulaeis, Gabb & Horn; Alecto ibid., G. & H. ‘Mon. 

Foss. Pol.’ Oretaceons, New Jersey. 

I give the above” on the authority of the authors rather than suppress 
the names. 

10. Stomatopoea majoe, Johnst.; Hincks, ‘Brit. M. PoL’ p. 427, 

pi. Iviii. and pi. Ixi. fig. 1 ? Tulndipora vepens, S. Wood; 

Aleoto ibid.. Busk, ‘ Crag Poly.’ p. 112, pi. xx. fig. 8 (not 6) = 
Tuhiclipora fimhnata, ? Miohelin (Busk, loo, cit, p. 
ra}YvOsa, D’Orb. p. 6$2, figs. 1, 2 (Busk, loc, cit p. 112) ; Waters, 
‘Bry. Bay Naples,’ loc. cit, p. 273, as Alecto repens, Wood. Syn. 
Waters, I)iastopoTa echinata, Rss. ‘ Foss. Polyp, des W. T.’ p. 52, 
pi. vii. figs. 14, 15 ; Dlastopora repens, Smitt, ‘ Elrit. Fort.’ p. 395, 
1866. 

lla^ige, —Miocene, Eisenstadt (Rss.); Pliocene, Crag, Castrocaro 
(Manzoni—as 8, major, Hks.), Coralline and Red Crag. Living: Several 
localities, Brit. Seas ; Naples. 

11. Stomatopoea dibatans, Johnst.; Hincks, ‘B. M. Poly.’ p. 420, 

pL Ivii. figs. 3, 3a = Alecto ibid., ‘ Crag Polyz.’ p. 112 (A. 
dilaians, W. Thomson, pi. xx. figs. 6, 7) = ? Alecto repens, 
Manzoni, ‘Castrocaro,’ p. vi. fig, 72 (Hincks) = (Syn. Busk) 
Dlastopora echinata, Rss.; Idmonea divaricata'i, L depressa (?), 
I. cenomana (?),!. elegans (?), D’Orb. Compare the synonymy 
of 8. major and 8. dilatans, Hincks gives ? Prohoscina rmiosa 
= Idmonea cenomana —as syn, of Stomatopora expansa, Hincks, 
‘ Brit. M. Poly.’ p. 432, pi. ixii. fig. 1. 

Banrje, —English Crag (Busk) ; Miocene and Pliocene (remains for 
closer comparison). Living, Brit. Seas. 

12. Stomatopoea inceassata, Smitt (sub-genns Froloscma, Smitt), 

Hincks, ‘ Brit. M. Poly,’ p. 436, pi. Hx. figs, 2, 3 — Filisparsa 
ibid., D’Orb. ‘ Pal. Fr.’ p. 817. For other synonymy see Busk, 
‘ B. M. Oat.’ pL ill p. 24. In a fossil state it is almost impossible 
to correlate, with any degree of positive exactness, these and 
x-ecent forms. The relationship which these synonyms are 
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supposed to indicate are only in a certain sense correct. The 
older forms may, upon examination, give characters not foand 
in recent species—and vice versa. Thus Smitt (‘ Scandinavian 
Biy.’) gives Busk’s Alecfo rejpens as Diastapora ibid., witli tlio 
following additional synonyms— Frobosetn ia dicJwtovia^ D’Orb^; 
P. Toucasiana^ D’Orb. 

Mange ,—(?) 

Genus TuBiiLiroKA, Lamarck. 

Ceriojpora^ (pt.) Hagenow; Fhalangella (sp.), Gray ; Ohelia (sp.), 
Lamx.; Eeptotuhigera^ D’Orb. 

Zoarium adnate or decumbent or suberect, forming a variously shaped 
expansion, either entire or lobate, or branched. ZooecUi tabular, par¬ 
tially free and ascending, arranged in divergent series.—Hincks, p. 443; 
Busk, * Oyclostomata,’ ‘Brit. Mus. Cat.’ pi. iii.p. 24; ‘ Crag Poly zoa,’ 110* 
For additional synonyms, Busk, ‘ Cyclos,’ ‘ B. Mus. Cat.’ 

This genus I referred to briefly in my 4tli Brit. Assoc. Report on 
Fossil Polyzoa, as being one of those genera very poorly represented, 
if at all, below the Tertiary rocks. After cai'efully studying some very 
fine forms of the Tubulifora^ found amongst the Crag Polyzoa, and com¬ 
paring these with recent forms, I can fully endorse the remarks on the 
genus made by the Rev. T. Hincks (‘Brit. Marine Polyzoa,’ p. 443), 
that the colony of TuhuUpora originates in a discoid body, and that the 
after development from this primary stage is by a ‘ second ceil,’ usually 
bent in the opposite direction; ‘ followed by an increasing number of 
series whicli diverge more or less on each side. In some cases a simple 
fiabeliate crust is thus formed; in others it divides into lobes, which 
again subdivide.’ Although in some respects TuhalJpora may resemble, 
on the one hand Biastopora, and on the other Stomatopora^ there is a 
distinct facial character in the group which, under present circumstances 
at least, keeps the genera distinct. It would be folly, however, not to 
recognise that in the Mesozoic rocks some of the Biasfopora preseiwe 
the fiabeliate character until the colony is considerably advanced, but 
these, instead of following the line of colonial development as found 
in TuhuUpom, ultimately assume the normal discoid habit and not the 
branching and rebranching of typical TabuUpora. The beautiful species 
described as TubuUfora Jlahdlark^ (?) Fal. (sp.) by Mr. Busk in ‘ Crag 
Polyzoa,* p. iii., and figured pL xviii. fig. 3, pi. xx. fig. 9, is given by 
Mr. Hincks as T,fimbria, Lamk. (‘Brit. Mar. Polyzoa,’p. 448). I have 
before me a very fine example of Busk’s species figured in pi. xx. fig. 9, 
‘ Crag Polyzoa,’ and I can therefore accept the strictures of Mr. Hincks, 
when he remarks (p. 449) that T. fimbria being distinguished by its flat, 
fan-shaped zoarium, differs from the zoarium of T, fiahellaris, in ‘ being 
horizontal and destitute of the very tall sub-erect extremities.’ The cells 
are not arranged in series, or at all connected togethei'. There is, how¬ 
ever, an element of doubt in identifying the Crag form with the recent 
T. fimbria, for the reason that I have been unable to trace the ‘ tmns- 
versely wrinkled ’ aspects referred to by Mr. Hincks. I shall not there¬ 
fore differ from Mr. Hincks in his general appreciation of the types 
accepted by him, but follow him in his identifications, in the hope that 
further study will throw some light at least upon the doubtful points 
referred to. 
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18. Tubtjltpora flabellakis, Fab., Hincks, ‘Brit. Mar. Polyzoa/ p. 
446 (Post-Pliocene Glacial deposits) ; Sjnon. = T. plialangea, 
Busk, ‘ Crag Pol’ p. iii. fig. 6, pi. xviii. (Coralline Crag) = 
T. flabellaris (Manzoni) = Diastojiorajplumulay Beuss (‘Miocene 
d’Austria,’ Manzoni). 

14. Tubulipoea miBEiA, Lamk., Hincks, ‘Brit. Mar. Pol.’ p. 448 = 

jT. fiabellarisy Busk, ‘Crag Pol’ p. iii. pi. xrii.; fig. 3, pL xx. 
fig. 9 (similar range in Time) = ? Frohoseina latifolia^ l)’Orb. 
‘Pal. Fr. Terr. Cret.’ p. 847(? Cretaceous). 

It will be seen by the above that the recent origin of this peculiar 
form is somewhat established insomuch as reliable observation and study 
reduce the Tululipora to two well-marked types, both of which are 
recent. The figure of T. flahellaris given by Manzoni in ‘ Bryozoa of 
Castrocaro,’ pi. vi. fig. 73, and briefly described in p. 43 of the same work, 
is identified as the same Northern form, fully described by Smitt, 
‘ Kritisk Forteckn. ofver Skand. Hafs-Bryozoer,’ p. 401, tab. ix. fig. 6-8, 
and with Busk’s figs, and references previously given. It will be seen, 
however, that this is referred to T. fimbria by Mr. Hincks. Notwith¬ 
standing the above, I give below a list of TnbuUpora at present accessible 
to me. 

15. Tubulipora parasitica, Hagenow, ‘ Die Bryoz. der Mastrich. 

Kreid.’ &c. tab. i. fig. 1. 

Range. —Up. Chalk, Maestricht. 

16. Tobulipora trifarlv, iloemer, ‘ Polyp. Nord-deutsch. Tert. Geb.’ 

p. 22, tab. iii. fig. 2. 

17. Tubulipora echinata, Yon Miinst. (Cellepora), Goldf. ‘ Petrefac.’ 

tab. xxxvi., fig. 14; Iloemer, he. cit. p. 22. I)iastopoo*a echinata.^ 
Il>s. ‘ Foss. Polyp, d. W. Tertiarb. 

Range, —Iloemer gives Oligocan von Solingen; for Goldf. sp* 
Oberoligocan; Goldf. cites Tert. Merg. Astrupp. 

It will bo seen from the above, against which I place (.P), that 
Iloemer identifies the Cellepora echinata, Goldf., as Tubulipora, whilst 
Jules Haime in his ‘ Jurassic Bryozoa ’ speaks of the same species as being 
an example of Froboscina, and remarks that it is well placed between 
Stomatopora and Idmonea. In all probability, judging from the brief 
diagnosis given by Goldfuss, ‘ repens, ramosa, cellulis tubulosis, ostiolis 
orbicularibus erectis,’ Iloemer is more correct in the identification. 

18. Tubulipora phalange a, Couch (see note), Busk, ‘Oi’ag Poly.’p. 

iii. pi xviii. fig. 6 {T. palmata. Wood). 

19. Tubulipora flabellaris, (?) Fab, (sp.), Busk, ‘ Crag Poly.’ p. iii. 

pi xviii. fig. 3, pi. XX. fig. 9 ^ Discopora palmata, Reuss = 
Finstopora vaeskicensis, D’Orb. ‘ Ter. Cret.’ p. dcxxxv. p. 12 and 
13 = Diastopora plnnmla, Reuss, ‘ Foss. Poly. Wien. Tertiarb.’ 
p. 51, pi vii, fig. 11. . 

Range. —Miocene ? Rss.; Cor. Crag, Busk ; Living. 

As Fhalangella, Gray (Tubulipora in this Report), Smitt in his 
Scandinavian Biyozoa gives the following species and synonymy:— 

20 Tubulipora palmata, Wood (sub-genus Fhalangella, Gray) = T. 
palmatoj; Wood, Busk = AfcciJo dilatans, Busk, ‘ Crag Pol’ p. 112. 

21. Tubulipora fimbria, Lamk. == serpens, D’Orb. ^Pal. 

Fr.’ l.c, p. 847 ^Tidmllpora fiabellaria, Busk, ‘ Crag Pol’ p- iiL 

22. Tubulipora flabellaris, Fab., Tubulipora nerrucaria, D’Orb* ‘ Pal 

Fr.’ l.c. p. 832 = Tubulipora phalangea, Busk, ‘ Or, Pol’ p. iii* 
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Genus IdmOjSJEA, Lamouroux* 

Lhnonea^ Lamx., Blainville, Iklilne-Ed., Johnston, Eenss, D’Orbi^ny 
(part),Busk.; Bete]jora, (pt.) Goldfuss, Lanik. ^Dlcu^topora, (pt.) Micbeliu, 
'Ihihidipora, (pt.) Lamk.; Grisina, (pt.) D’Orb., Smitt; Tubidipora, sub- 
genus Idmonea^ Smith. 

^ Zoarmm erect and ramose, or (rarely) adnato; branches usually 
triangular. Zooecia tubular, disposed on the front of the branches, 
ranging in parallel tensverse or oblique rows on each side of a mesial 
line.’—See Hincks, p. 450 ; Busk, ‘ Crag Polyzoa/ p. 104. 

This peculiar genus seems to hav’e originated in early Mesozoic times, 
but the species described by Lamouroux as I. iriciuetm^ as occurring in 
the Jurassic rocks, especially in this country, is far less specialised than 
those forms found in the Cretaceous rocks of Maestriclit, and in the 
Paxoe Limestone of Denmark. The unusual character of some of the 
species described by Goldfuss as Hefepora clatlirata and B. disticlia, 
induced Hagenow to break up the fotms groujaed together by Goldfuss, 
out of which several new species were founded, descxdbed and figured. I 
do not say, after having studied the Faxoe material, that Hagenow was 
wrong in his redistribution, but I think that even be has given us more 
species than were needed or that the doubtful character of some of 
the forms warranted, but his beautiful figures have materially assisted 
the student in mastering the details of the group. Yet it seems 
to me a rather invidious practice, in. the present state of our 
knowledge, to criticise unfairly the labours of other authors on this 
peculiar group of fossil forms. It is not a mere matter of opinion as to 
whether this and that form are identical, because unless there is a 
sufficiency of material to connect by inteinnediate links form and form, 
mere opinion in this direction is useless. I have hundreds of specimens of 
Beuss’s Idmonea gracillbna ivom theMontecchio Maggiorebeds, and .it is 
quite possible to erect two or more species out of the various specimens 
accordingly as we accept the young or the matured stages as typos. As 
I have been able to trace this form from a single elongated coll on each 
side of the mesial line up to four and five cells on eacli side of tlie mesial 
line, I can onlj’* say that mere growth is a fallacious factor in the deter¬ 
mination of a species. In the enumeration of the following T shall take 
into consideration other special features, leaving the nusubor of cells in 
the branch for workers to deal with separately, if they so desire. I shall 
take the species as I find them in the works of authors accessible to me. 
As mj fxiend Mr. A. W. Waters has gone over the Tertiaiy species for 
his work on the Bryozoa of the Bay of hTaples, I shall take his references 
to fossil species as work accomplished, because ho has had a fuller access 
to foreign woi’ks than I could possibly obtain. 

Before passing on to the numerous fossil forms described by authors 
it may be well to dispose of the two recent species which are now pretty 
well known to zoologists. 

23. Idhonea atlantica, Forbes, MS. See Busk, * Cyclostomata; ^ 
Waters, ‘Bay of Naples Bryozoa;’ Hincks, ‘Brit, Mar. Polyzoa.’ 

‘ Zoemum irregularly branched, branches triangular, cells one, four, 
five in each series, the, innermost the longest, dorsal surface of branch 
not perforate ’ (Busk) ; ‘ dorsal surface, lineated and minutely punctate ’ 
(Hincks) ; peristome entire ... * The large tubular cells, mode of 
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arrangement;, triangular brandies, and entire peristome are good featnres 
in this spedes. 

Tlie abundancG of specimens of tbis species in tbe Garvel Park 
deposits have enabled me to study the form in all its vaiying features. 
It is a peculiarly jN’ortliern type, whereas the Idmonea mdlcins, Lamarck, 
its nearest ally, is as peculiarly Southern. The Fossil specimens from the 
Garvel Park beds are, I have no doubt, closely related to, if not identical 
with, the I. radians of Beneden; and besides this, Mr. Busk and Mr. 
Hincks give as synonyms, though doubtfully, J. corono'pis, Befand 
L angicstata, D’Orb.,as well. Mr. Waters (‘ Bay of lllaples Bryozoa,’ op. tit. 
p. 269) remarks of the J. gracilUma of Beuss, ‘ that specimens in his 
possession, from Yal di Lonti, correspond with recent J. atlanticci. 

It is very possible that if the various specimens of this beautiful 
species were isolated, or found in different localities even of the same age 
as the Glacial deposits, they may be characterised as different species, 
but mingling with such abundance in these beds, all the gradations of 
variations may be traced, and it seems to me impossible to separate them. 
With regard to the J. gmcillima of Beuss from the Miocene beds of Yal 
di Lonti, and also from the Montecchio Maggiore beds of hTorthern Italy, 
although specimens resemble, in some eases closely so, recent Idmonea 
atlantica^ I should rather hesitate to put the one as a synonym of the 
other. It may be possible to establish a connection between the 
L gracilliwa^ Benss (non Busk, ‘ Cyclostomata,’ p. 14), and some of the 
still undescribed Cretaceous species, and it may also be possible to show 
gradations of type from I. gracilUma to J, atlantica, 

24. Idmonea serpens, Linnssus = Tuhipora ibid., Linn., ‘ Syst. ISTat.* 

ed. 12, 1271. Tuhulipora ibid,, Flem., Couch, Johnst., Busk. 
Idmonea serpens^ Yan. Ben., Smitt (sub-genus), Hincks, (See 
for references, p. 453, ‘ Brit. Mar. Polyzoa,’ voL i. 1880.) 

This species, as a fossil, has a far more limited range than the above. 
I have specimens in the young state from the Glacial Beds of Scotland. 
A specimen, figured by Manzoni (‘ Bryozoa of Castrocaro,’ 43, fig. 78, 
tav. vi.), Mr. Hincks accepts, on the authority—Pliocene, Castrocaro 
(Manzoni)-; Sicilian Pliocene (Waters). In his synonyms, Mr. Hincks 
also refers to this species— Tubulipora tmnsversa, Lamk., and Idmonea 
ibid., Milne-Edw. and D’Orb. Iix my own investigations I have not been 
able to place Idmonea serpens —typo accepted by Hincks, Manzoni, and 
Waters—below the Pliocene beds. 

For fuller particulars, see Busk, ^ Cyclostomata, Brit. Mus. Cat.’ pL 
iii, pp. 25-26 ; and Hincks, ‘ Brit. Mar. Poly.’ (loc. cit. p. 453). 

25. Idmonea TRiQTTE'PRA, Lamx. (author’s) Jura formation,’Banville), 

Brit, locality, Juras. rocks under London—^Professor Judd’s 
material. 

Though not abundant, I have a few specimens of this species from 
the material referred to by Professor Judd. The species is evidently 
founded upon its peculiar triangular character rather than any special 
features in the cells. After a careful study of the British specimens, the 
following results have been obtained, which I give rather as a description 
than as a diagnosis. I. Zoarmm triangular, zoaecia arranged in lines— 
sometimes flattened, some lines slightly produced; the flattened cells are 
‘ Lepralia ’-liko, with a semicircular orifice, with the area punctured; the 
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produced cells are tubular, occasionally passing off into the Lepralia- 
like form of a cell. The general features are that of Jdmonea, but the 
cell characters are abnormal, and one would incline to place the one form 
in two different genera. The same feature is noticeable in some of the 
cells of Tcrehellaria. Mr. Busk, in remai-king on I. fenedrata Q Crag* 
Poly.’ p. 105), says that his species approaches ^in some respects the L 
triquetra^ Lamx., as well as a recent species met with in South Africa, 
which, if not identical with the Caen fossil, is undistinguishable from it.’ 
The form referred to by Busk is before me, and there is certainly a like¬ 
ness between the Jurassic and the Recent form, but the Recent form has 
the advantage of being more highly specialised and also larger in both 
the cells and in the size of the zoarium. Mr. Busk, however, says that 
the branches of I. triqueira are very much thicker than the Recent form. 
This difference of opinion may arise from difference in size of fi'agments, 
but anyhow I cannot regard the J. fenestrata, Busk, or the L fenestmta 
(Busk), Smitt, ‘ Scand. Bryozoa,’ as being one and the same species. This 
being the earliest record that I have of Idmonea, I think it would be 
unwise not to keep the species separate. It will be well, however, if 
students will direct their attention to the several features referred to. 

Goldfuss, in his ‘ Petrefaefca,’ describes and figures what he gives as 
five species of Hetepora —12. cancellata^ G.; 12. dathrata, G., and R, 
licliemides^ G.; 12. truncata and 22. disticha —all from the Chalk. It is 
very evident that Goldfuss neglected to sort out his species, and the 
consequence is that we have an assemblage of forms anything but satis¬ 
factory; consequently the labour of Hagenow on the group is all the 
more appreciable, because he worked from fresh material, and, from 
what I understand from his text, with full access to the type species of 
Goldfuss. I also have been able to study the Paxoe Limestone material, 
already referred to; and if I offer any remarks upon the species of 
Hagenow, it must be understood that I do so with specimens before mo 
which seem to be the same or of near the same horizon as those of 
Hagenovv’s Maestricht beds. To prevent a repetition of fiagenow’s and 
Goldfuss’s works, I shall give the reference to the plate and fig. only of 
the two authors. 

26. Idmonea waculata, Hag., H. Tab. II., fig. 3. 

27. Idmonea clatitrata, Goldfuss (Uetepom)^ H. Tab. TI. fig. 2; 

Gold., * Pet.’ Tab. IX. figs. 12 c and d. 

2S. Idmonea verriculata, Goldfuss (Eetepora), H. Tab. II. fig. 5: 
Gold., ‘Pet.’ Tab. XXXYI. fig. 19 5. 

29. Idmonea lichenoides, Goldfuss (Betepora), H. Tab. 11. fig. 6; 

Gold., ‘Pet.’ Tab. XXXYI, fig. 13 and h. 

30. Idmonea cancellata, Goldfuss (Hdepom), H. Tab, 11. fig. 7 = 

Idmonea ibid., Rss. 

31. Idmonea macilenta, Hag. (Betepora)^ H. Tab. IL fig. 4. 

y2. Idmonea disticha, Goldf. (Betepom)^ H. Tab. II. fig. 8 ; Goldf., 
‘Pet.’Tab. IX. figs. 15 c, d^Beieqiora ibid., Goldf., Lamx., 
Blainv. = ? Betepora, Micbelin, Reuss. 

S3. Idmonea pseudo-disticha, Hag., H. Tab. IL fig. 9; Gold. ‘ Pet/ 
Tab. IX. fig. 15 a-h = i2. disticha^ G., in part. 

34 Idmonea dorsata, Hag., H. Tab. II. fig. 10 ; Goldf., ‘Pet.’ Tab. IX. 
figs. 15 g ^ Betepora disticha^ G., in part. 

35. Idmonea gedmetrica, Hag., H. Tab. II. fig. 11. 

36. Idmonea sdlcata, „ „ „ 12. 
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37. IDMONEA LINEATA, Ha^., H. Tab. II. fig. 13; Goldf., Tab. 

IX. figs. 15 c,/. = Eetepoi'a disiicha, G., in part. 

38. Idmonea gtbeosa, Hag., H. Tab. II. fig. 14. 

39. Idmonea geniculata, Hag., H. Tab. III. fig. ,5 ; Goldf., ‘ Pet.’ Tab. 

IX. fig. 12 c, /= Retepora clatlirata, G., in part. 

40. Idmonea tbtrasticha, Hag., H. Tab. lY. fig. 3. 

Some of these Hagenow describes as found in the Maestrielit and 
Falkenberg beds. I cannot give the range of the species other than that 
given by the author. In my Faxoe material I have several Idmonece, and 
it would be quite possible out of the varied forms to construct a number 
of species, but I should be inclined to place the majoiity in three species 
only of those described above —L dorsafa, L linecita^ or J. pseudo-dlstiohd. 

Sub-genus Truncatijla, Hagenow. 

Out of the Retepora trwicata, Goldfuss—with other species as allies— 
Hagenow constructs the sub-genus Truncatula, Although the facial 
character at first sight appears to be like Idmonea, a closer study of the 
form shows certain features altogether different. The more prominent 
are these:—(1) On the different sides of the mesial line the cells are 
clustered together and not separate. This appears to be a normal 
feature, (2) The reverse of one species at least— E. truncata —is very 
peculiarly striated, or, speaking with more exactness, the lines of strioo 
seems to be the line markings of the individual cells seen through a 
very delicate membrane which covers the reverse. It this be a correct 
description, founded upon observation of a limited number of specimens 
from the Faxoe Limestone material, then I cannot see the necessity for 
retaining the sub-generic term. 

41. Truncatula filix, Hagenow, tab, iii. fig. 4. 

42. TuuNCATtiLA TRUNCATA, Goldf., Hag. tab. iii. fig. 2. Goldf., ‘Pet.’ 

tab. ix. fig. 14. = iiLC^epom ibid., Goldf.; Lamk.; Milne-Ed. 

^Idmonea ibid,, Blainv. 

43. Trltncatula repens, Hag., tab. iii. fig 1. 

Range ,—^Hagenow cites Macstricht and Falkenberg. 

I have several lists of fossils from tbe Cretaceous beds of America, and 
a fine suite of fossils as well, many of w^hich are undescribed as yet. 
Taking the order of the .strata as given by Lyell, Emmons, and others, as 
Upper Cretaceous, the following species of correspond to some 

extent with the Idmoneco already given from Hagenow and Goldfuss. 

Idmonea contortilis, Lonsdale, ^Qunrt. Jour. Geol. Soo.* vol. i. p. 08 = 

Grismna and Idmonea ibid., D’Orb., ‘ Pal. Fr.* vol. ii. and vol. v. 

Locality ,—Timber Creek, New Jersey. 

The Tertiary Idmoneco, both of Europe and America, are of a very 
special character, and the facies of the several species would afford 
valuable details for the study of the Palseontology of the group.' There is a 
slight difference between some of the American and European forms; 
but there is a wide diffei^ence in the facies of others. I know of no 
American Tertiary Idmonece similar in character to those described by 
Heuss from the North Italian deposits. The localities are those given by 
the several authors. 

44. Idmonea maxillabis, Lonsdale, ‘Quart. Jour. GeoL SocJ vol i. 

p. 5QS=Ooismna ibid., D’Orb, Prod. 2, p. 397=I(fwo??ea ibid. 
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Gabb and Horn, ‘ Mon. Eoss. Poly. Sec. and Terfc. Eonnations,’ 
ISr. America. 

Locality .—Eocene (G. and H.), S. Carolina. 

4 . 5 .— Idmonea commisoens, Lonsdale, loc. clt^ p. h24i:=::Cn$isiua ibid., 
D’Orb. 

Locality .—Eocene ; Bock’s Bridge. 

46. Idmonea califoeinica, Gabb and Horn, he. cit. 

Locality .—Miocene (G. and H.), Santa Barbara, California. 

47. Idmonea cabinata, Boemer,^ Beuss, ‘Eoss. Pol. dos Wiener Tei4.- 

beck.’ Marine Limestone. 

48. Idmonea pertusa, Beuss, ‘ Eoss. Pol. des Wiener Tcrt.-beck.’ 

Marine Limestone. 

49. Idmonea compbessa, Beuss (op. cit). Marine Limestone. 

Range .—Erom tbe Tophaceous Chalk of Maestricht to Eocene. 

50. Idmonea fobaminosa, Bss., (Griasma) Stoliezka, * Oiigocene Bry. 

from Latdorf.’ 

51. Idmonea Giebelt, Stol., (TuUgera) Stoliezka, ‘Oiigocene Bry. 

from Latdorf.’ 

52. Idmonea ^*^'delicatula, Busk, Stoliezka, ‘ Oiigocene Bry. from 

Latdorf.’ 

53. Idmonea tenuisulca, Bss., Stoliezka, ‘Oiigocene Bry. from 

Latdorf.’ 

54. Idmonea Hornesii, Stol., Stoliezka, ‘ Oiigocene Bry. from Latdorf.’ 

55. Idmonea reticulata, Beuss, ‘ Palseont. Stud. Tert. der Alpen,’ 

pi. xxxiv. fig. 13. 

56. Idmonea GRAOJLLiMA, Beuss,‘Palceont. Stud. Tert. der Alpen,’ pi. 

XXXY. fig. 1-2. 

57. Idmonea concava, Beuss, ‘Palasont. Stud. Tert, der Alpen,’ pi. 

Nxxv. figs. 3-4. 

Localities .—Val di Lonti; Montecchio Maggiore, H. Italy. 

58. Idmonea punctata, D’Orb., ^p.^Laterocam, D’Orb., pL dcclxxii. 

figs. 11-12. Busk, ‘ Crag Pol.’ pi. xv. fig. 5; pi. xvi. fig. 3. 
Range .—Cretaceous (D’Orb.) ; Crag (Busk). 

59. Idmonea fenesteata, Busk, ‘ Crag PoL’ p. 105, pi. xy. fig, 6, 

60. Idmonea ^'delicatula, „ „ „ p. 106, pi. xy. fig. 8. 

61. Idmonea tntricarta „ „ „ p. 106, pi. xy. fig. 7. 

Range, —Coralline Crag (Sutton). 

Genus Entalophoea, Lamx. 

^Puskdopora, (pt.) Blainy., M.-Edw., Lamk., Busk; Splropum^ 
Lamx., J. Haime. 

‘ Zoarvum erect and ramose, rising from a more or less expanded base, 
composed of decumbent tubes; branches cylindrical. Zooxla tubular, 
opening on all sides of the branches.’ 

I have already in my former Beports on Eossil Polyzoa, 1882 and 1883, 
given the history of this group, both as Pntahphora and Spiwpom^ in 
strata of the Mesozoic and Paleozoic ages. All that remains for the 
present x-eport are the species described in the Upper Cretaceous and Tert. 
rocks of America and Europe. I cannot however furnish, from my own 
knowledge, a very detailed list; excepting a few of the species described 

J < Quito agreeing with the specimens from the 3XaestrwU beds of Fauquemont ’ 
(Boomer). 
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by Keuss, Gabb and Horn, and Roemer. The lisfc is therefore, for the 
present, a compilation rather than the result of special -work, and it may 
in the future have to be modified. The recent species are very few, and 
their range is limited. In the British seas only one is I’ecorded; in the 
Mediterranean Mr. Waters records three species, and as these have fossil 
representatives as well as recent, I give Mr. Waters’s list first—‘Bry. 
Bay ^Naples,’ ‘Ann. Mag, Nat. Hist.' 1879. 

62. Entalophoua peoboscidea, Forbes. See Busk, ‘ Cyclostomata,’ 

p. 21, pi. xvii. A right fig.=Ii7. attemtata, Rss., ‘ Die Foss. Anth. 
nnd Bry.’ p. 74, pi. xxxvi. figs. 1~2. 

Eaynge, —Miocene, Val di Lonti. Living: Shetland; Bay of Naples, 
common; Madeira. 

63. Entalophoea deflexa, Covioh.=zPustuIo^ora clavata^ Busk, ‘ Crag 

Poly.’ p. 107, pi. xvii. fig. 1. 

Range .—Pliocene ; Crag. Living. 

64. Entalophoea EUGOSA, D’Orb=JE7. rugosa^ ‘Pal. Fran^.’ p. 795= 

Fiisiulopora rugulosa, Manz., ‘ I Brioz. Foss, del Mioc. d’Anst.’= 
Pustulopora rugosa, Waters, ‘ Bry. from Pliocene of Bruccoli.’ 

Range. —Chalk; Miocene ; Pliocene ; Bruccoli. Living, Naples. 

The following are the identifications of Busk, ‘ Crag Polyzoa,’ 
pp. 107-108 

65. Entalophoea clayata, 'Bmk=^Pitstuloporcb ibid., Busk, ‘ Crag Pol.’ 

p. 107, pi. xvii. fig. l^P'iistulopora gracilis^ 'M.-Rd.r^Pushilojoora 
Roemeri^ D’Orh.; Michelin. Bntalopliora linearis^ D’Orb. 

66. Entalophoea palmata, BvLsk=^Pusiulopora ibid., Busk, ^ Crag Pol.’ 

p. 108, pi. xviii. fig. 2. 

67. Entalophoea subyeetictllata. Busk = Pustulopliora ibid.. Busk, 

‘ Crag Pol.’ p. 108, pL xviii. fig. 1. 

Range .—Coralline Crag. 

Genus Diastopora, (part) Lamx. 

Pe 7 -enicea, Lamx; Mese7iteHpora, Blainv., Busk (for foliaceous 
bilamiuate forms). Diseosparsa, D’Oi'b. 

‘ Zoarium adnate and crustaceous, or foliaceous, usually discoid or 
fiabellate, less commonly irregular in form. Zosocta tabular, with an 
elliptical or subcircular orifice, crowded, longitudinally ari'anged, in 
great part immersed.’—Hi neks, ‘ Brit. Mar. Pol.’ p. 457. 

The Dxastoporm of the Tertiary rocks, even as defined above, which 
include the foliaceous forms, are not abundant. So many different forms 
have been included in the group that it is difficult from the lists to say 
which are true Diastopor® and which are not. The following, however, 
are the identifications of two of our best workers on Recent and Tertiary 
species; so the synonyms may he relied on as being tolerably correct. 

68. Dustopoea LATOMAEGiNATA, D’Oi’b., ‘ Pah iVan^.’ p. 827, ph 758, 

figs. 10-12, Waters, ‘Bry. Bay Nap.’ ‘Ann. Mag. Nat. Hist.’ 
1879, p. 272 s= ? Piastopora sparsa, Manzoni, ‘ Foss. Bri. d’Anst, 
ed Ung.’ 

69. Diastopora flabellto, Reuss, Waters, op. olt p. 273=Reuss; 

‘Die Foss. Polyp, derWiener Tertb.’=Dia.?fopom ibid,,Manzoni 
(Pliocene) = Pimiopora simplex^ Busk (non D’Orb.), ‘ Crag 
Poly.’ p. 113. 

70. Diastopora patina, Lamarck (Hincks, p. 458) = Phmsparsa 

marginaia (proliferous form), ‘ Pah Fr. Terr. Cret.’ v, 822, 
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71. Diastopora obelta, Johnst. (Hincks, p. 462), Post-Piiocene of 

Canada (Dawson). 

72. Diastopora suboiibicularis, Hincks (Hincks, p. 464) = D, simple,r. 

Busk, ‘ Crasr Poly.’ 113, pi. xx. fig. 10, nob Disoosparsa simple,n 

of D’Orb (Hincks) == ? D.^flaheJJum^ Reuss (Hincks). 

The following are the identifications and descriptions of the different 
authors. 

73. Diastopora lineata, Gabb and Horn (Cretaceous), * Approaches' 

D. regularise D’Orb.’ (G. & H. op, cit,). 

74. Diastopora disciformis, Hagenow (Cretaceous), op, cit. pi, i. 

fig. 7. 

74'^‘ Diastopora uisciformis, Goldf, Up. Oligocene, Eoemer, ^ Polyp. 

Hord. d. Tert. Geb.’ 

75. Diastopora minima, Reuss, ‘Marine Limestone, Hussdorf.’ ‘Foss. 

Pol. d. W. Tert.’ 

76. Diastopora rotula, Reuss, ‘Marine Limestone, Eisenstadt,’ ‘ Foss. 

Pol. d. W. Tert.’ 

77. Diastopora sparsa, Reuss, ‘Marino Limestone, Eisenstadt,’ ‘Foss. 

Pol. d. W. Tert.’ 

78. Diastopora flabellum, Reuss, ‘Marine Limestone, Eisenstadt,’ 

‘ Foss. Pol. d. W. Tert.’ 

Two other species are given by Reuss— D, pluimda, Rss., and D. 
ecliinaia, Goldf. These have already been refei'red to TubuUpom, 

79. Diastopora patina, Lamk.; Pliocene, Castrocaro, Manzoni, ‘ Bri. 

di Castrocaro,’ p. 44. 

80. Diastopora striata, J. Haime; Pliocene, Castrocaro, Manzoni, 

‘ Bri. di Castrocaro,’ p. 44. 

81. Diastopora expansa, Manzoni; Pliocene, Castrocaro, Manzoni, 

‘ Bri. di Castrocaro,’ p. 45. 

82. Diastopora msandrina, S. Wood,‘ Crag;’ Busk, ‘ Crag Pol.’ p. 109 

^ Mesenienpora ibid., Busk, pi. xvii. fig. 2; pi. xviii. fig. 4; 

pi. XX. fig. 2 = JD, Uudesiana, M.-Edw. (?) = Vitaxia compresfia, 

(?) Goldf., Hagenow = Mesenteriporaneocomiensis,!)'Orb, ‘ Ter. 

Cret.’ 

The following synonyms of this species are given by Smitt, ‘ Scan¬ 
dinavian Bryozoa ’:— 

(Jeriopora compressa, Goldf.; Fali/fremae D’Orb.; Dih{;eiae Hag.; 
Mes enter Ip ora, D’Orb,; Bidiastopora MirJiellHa, D’Orb,; Mesenteriporae 
ibid., D’Orb.; Bldastopora and Meseiiieripnm Budesiana, D’Orb. 

Family III. Hornertd.e, Smitt. 

‘ Zotecla opening on one side only of a ramose ^oariiim, never adnato 
and i^epent.’ 

The family HoRNERiUiE, as defined by the Rev. T. Hincks, is capable 
of very wide extension, and can be made to include the Polyporida? 

(‘ Brit. Assoc. Rep. Foss. Poly.’ 1883), in which I have placed the PoZy- 
pora and Phyllopora of the Palseozoic Rocks. It may seem, however, a 
very q^uestionahle proceeding to include so many apparently diversified 
forms in one family group, especially as we have no gradational links by 
which we can unite the Polypora of the Palseozoic with the well-defined 
Romera of the Tertiary Rocks. But, irrespective of the peculiarity, 

I see no sufficient reason for keeping the group separate if we are to 
accept Mr. Hincks’s diagnosis. The same remarks may apply to the 
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Thamniscidas as well. It is wlien we come to study the various genera 
that would, in all probability, form a natural group, that several doubts 
arise as to the wisdom of this arrangement.^ 

In his definition of Eornera (‘Brit. Mar. Pol.’ p. 467), Mr. Hincks 
says that the zomcia are tubular, and this is well shown in the figure 
oi E, lichenoides^ fig. i. pi, 67, * Brit. Mar. Pol.,’ and also in E. violacea, 
fig. 6 of the same plate. Then, again, it is said that the ‘ ooetmm {gonos-- 
cium) is a distinct chamber—not a mere inflation of the surface of the 
zoarium, placed dorsally or in front.’ These are elements of structure 
that indicate distinct characters, and though I have not been able to 
detect the goncecium in any of the specimens found in the Crag, or in the 
Miocene described by Beuss, the tubular zooecia are, in many respects,, 
similar to recent forms described by Mr. Busk (‘ Cyclostomata ’) and 
Hincks. Then, again, the characteristic cell orifice, with its waving lines 
surrounding it—given by Mr. Busk (‘ Cyclostomata,’ pk xx. fig. 3)—^is^ 
entirely unlike any cell-orifice known to me in any of the species of the 
genera named as found in the Palaeozoic rocks. I do not, however, set 
so much value upon the ‘ wavy anastomosing ridges ’ indicated by Mr. 
Hincks in his diagnosis of his genus Eornera ; nevertheless they are 
peculiar, and may merit some consideration in our definition of species. 
In the Folyjpora of the Carboniferous rocks there are wavy lines which 
seem to he merely ornamentations of the surface, yet these, too, may he* 
analogous with the wavy ridges of the Eornera of more recent times. 
The Messrs Young, of Glasgow, in their joint paper On Hew Carboni¬ 
ferous Polyzoa (‘ Ann. Mag. Hat. Hist.’ May, 1875), describe as new a 
species v^hich they provisionally name Thamniscns ? Banldni, T. & T. 
pi. ix. his, and in their remarks (loc. ciL p. 336) they say, ‘ The generic 
position of the fossil is uncertain .... Meanwhile, though strongljr 
disposed to regard the fossil as a true Eornera or a member of a closely 
allied genus, we tbink it safer to leave it in the Palaeozoic genus Tliamnis^ 
cus.^ This species is certainly (superficially considered) more closely allied 
to Eornera than any Palaeozoic species known to me ; yet it, too, lacks the 
peculiar cell orifices, though partaking somewhat of the tubular cell 
structure of true Eornera, In the Mesozoic rocks—excepting a few 
doubtful forms iu the Upper Chalk—^I know of no Eornera or allies of 
the genus. 

In his ‘ Crag Polyzoa’ (p.95),Mr. Busk says, ‘Several fossil forms of 
Eornera have been noticed, and some of them figured; but from the 
want of precision in the details of the figures, and in the absence of 
any determinate specific characters in the descriptions, it is extremely 
difficult to arrive at any satisfactory conclusion respecting them. The 
best figures are those contained in Milne-Edwai'ds’s excellent memoir on 
the Crisise, &c.; but even these are by no means sufficiently precise to 
convey a correct idea of the specific differences or resemblances.’ This 
cannot be said of the species figured by Mr. Busk in his ‘ Crag Polyzoa,’ 
and I feel confident that I cannot do better than follow him in his 
synopsis of fossil forms. 

In characterising one of his forms in the ‘ Bay of Haples Bryozoa/ 
Mr. Waters draws attention to the very beautiful species which he names 
Filis]gar$a tuhulosa, Busk. This is, iu all probability, a variety of the Eornera 
violacea, var. iiihulosa, Busk ; but, as'Mr. Waters points out (‘ Bay Hap. 

* Exception to this association has been taken by Hr. Ulrich in Ms contribution 
to the Cimin, Jonrn, 2fat. Hist, April 1884, and, according to Ms views, rightly so* 
1884. L 
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Bry./ ‘Ann, Mag. IN'at. Hist.' April, 1879, p. 275), after inspecting a 
Nortliern JT. violacea from the cabinet of Bev. A. M. Norman, there 
is ‘ hardly anything in common' with the two forms. He also remarks 
that ‘ the genus Filisparsa is, as pointed out by D’Orbigny, intermediate 
between Ilormra and Jdmonea. ... I am, however, somewhat in doubt 
as to whether the genus will permanently stand' (loc. cit. p. 275). Of 
this I am not so certain. Filisparsa tiibulosa, Busk and Waters, and 
F, mrians, Beuss, are neither Idmonea nor Hornera, and it seems to me to 
be far preferable to characterise an intermediate form by a generic name, 
rather than simplify too much our generic nomenclature. If, however, 
it can be found that, in dealing with fragments of species of the genus 
Hornera, the differences in character arise from differences of growth 
—^like the FenesfMla of the Carhonifei’ous rocks, then these remarks will 
have no weight; but so far as I have been able to study species of the 
genus Horner a and FUisparsa they appear to me as distinct. 

There are a few fossil species of Hornera found in material from 
several localities in Australia, especially the Yarra Yarra district, hut as 
these have not as yet been described it would appear rather invidious to 
anticipate Mr. Waters’s work, the completion of which—Cyclostomatous 
Forms—has been promised by him.^ 

Before concluding these remarks, it may he well to refer the student 
to Mr. Hincks’ matured opinion of the genus Hornerd (loc. cit. p. 467), 
because he includes in the one genus the true typical Hornera with its 
‘ wavy anastomosing ridges,’ and the tubular H. violacea, Sars, which is 
destitute of the characteristic ‘ fibrous crust ’ found in H lichenoides^ 
Linnseus, 

Genus HontriRA, Lamouroux. 

=s Eete^ora, (pt.) Goldfuss; Bij^liodieiam, Lonsdale. 

Zoarivm erect, ramose, sometimes reticulate. Zooecia tubular, opening 
on one side only of the branches, disposed in longitudinal series, the 
ceiluliferons surface often traversed by wavy anastomising ridges. 
Ooecimn a distinct chamber, not a mere irregular inflation of the surface 
of the zoarium, placed dorsally or in front. 

The care with which Mr. Hincks has drawn up the above diagnosis 
ought to satisfy the ordiuary critical student of Fossil Polyzoa, but the 
most valuable element of structure is the peculiar ooscium. In the 
absence of this, there are other elements which may servo as a guide and 
a check to overhasty identification. In his work on the ‘ Bryozoa of the 
Maestricht Beds,’ &c,, Hagenow gave a synopsis of the whole of the then 
known Hornera^ I'anging from the Recent to the Upper Silurian. In the 
last formation the Hornera Lonsdale, is the sole representative; 

excepting this no true Hornera is given by the author below the ‘ Kreide- 
formation,’ I reproduce below Hagenow’s list, because in his work he 
only describes and figures one species. There are several Hornem 
described by Beuss and Busk, and there ai^e still many undescribed forms 
among the Australian Polyzoa of Mr. A. W. Waters, and also in my own 
cabinet, 

B. Tertiarformation. 

83. Hoekeua Hippoltta, Befranee. 

84. „ GRACILIS, Philippi. 

5 8ee remarks mte. * This is not a Bbrmmi but a Thamnimis, 
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85. 

Hoenera biseeiata, Philippi. 

86. 

» 

AFFiNis, Milne-Ed. 

87. 

55 

STEIATA, „ 

88. 

55 

ANDEGAVENSis, Michelin. 

89. 

55 

BILOBA, Peuss. 

90. 

55 

VEEEUCOSA, Peuss. 

91. 

55 

SEEIATOPOEA, „ 

RADIANS, Defrance (non Lamx.), 

92. 

55 

93. 

55 

CEISPA, „ 

94. 

55 

ELEGANS „ 

95. 

55 

DECiPiENS, Eichwald. 

C. Kreideformation. 

96. 

Hoeneea 

Langethali, Hagenow, 

97. 

55 

OCULAXA „ 

98. 

55 

COMPEESSA „ 

99. 

55 

TRIGONOPORA „ 

100. 

55 

TUBDLIFERA „ 

101. 

55 

(Idmonea) contortilis, Lonsd. 

102. 

55 

CARINATA, Peuss. 


In the same synopsis, Hagenow gives a list of eight species of Idmonea 
as belonging to his stage B, and twenty-seven belonging to the stage 0, 
and only one, J. triquetra, Lamx., in the stage D or the Juraformation. 

Mr. Bnsk’s list (‘ Crag Polyzoa ’) is valuable on account of the care 
with which he has worked the known species for comparison and identi¬ 
fication of the fossil forms described by him as found among his Crag 
Polyzoa. Busk describes eleven species, some of which he considers to 
be new, others are referable to forms previously described by authors; 
these are given under the two divisions— 

Penesteatjj and EAMOSifE. 

103, Hokneea infundibulata, Bask (0. Crag), ^ Crag Poly/ p. 97, 


pi. xiv. fig. 1. 

104. Hoeneea reteporacea, M.-Edw., 

55 

55 

p. 98, 

pi. xiv. fig. 2. 

105. Hornera oanaliodlata, Busk, 

55 

55 

55 

pi. xiv. fig. 3. 

106. Hornera rhipis, Busk, 

55 

55 

p. 99, 

pi. xiv. fig. 4. 

107. Hornera hdmilis, Busk, 

55 

55 

p. 100, 

pi. xiv. figs. 5 and 6. 

108. Hornera pertusa, Busk, 

55 

5 » 

p. 101, 

pi. xiv. fig. 7. 

109, Hornera Hippolyta (?), Defrance. 

55 

55 

9 ) 

pi, xiv. figs. 8-9 = H. Hippolytay MjpjpolythuSy M.-Edw, and 

Defrance. 





110. Hoeneea lukata, Busk (0. Crag), * Crag Poly/ p. 102, pi. xvi. 

fig. 4, 

111. Hoeneea frondicubata, Lamx. (0. Crag)/Crag Poly/p. 102, pi. 

XV. figs. 1-2, pi. xvi. fig, 6 = Rete^orot frondimlata^ Lamx, = 
iuUpora, ElHs & Sol. =; Mill&pora Uehemide,% Linn,, 
Pallas, Bsper =Somera = Horneraandegammu^ 

Michelin. 
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112. tloiJKEEA STrjATA, M.-Edwards (C. Crag) ‘ Crag Poly.’ p. 103, 

pi. XV. fig, 3; pi. xvi. fig. 5 == Korneva striata, M.-Edw., 
Miclelm. 

113. Horneha RiiOMBOiDALTS (C. Crag), ‘ Crag Poly.’ p. 104, pi. xv. 

fig. 4 

The following forms Mr. Busk was unable to identify with the Crag 
forms (pp. 96-97) :— 

114. Horneea ilabelltformis, Blainy. = Retepora ibid., Blainv., Mi- 

chelin, * Icon. Zooph.’ p. 814 = ? Korneva FerussacU, Mich. ? 
Eocene; Miocene. 

115. Hornera scobinosa, Michelin = Eetepora ibid., hlich. Z. c. p. 31G; 

Miocene. 

110. Hobnera affinis, M.-Edw. Upper Tert. of Sicily. 

117. „ LJEVis, „ Z. c. p. 20. Miocene, Dap. 

Sfcoliczka gives the following list of Kovner a in his ‘ Oligocene 
Bryozoa, from Latdorf.’ 

118. Hoenera hippolyta, Def. = Kornera (jracilis, Philippi. 

119. „ reteporacea, M.-Ed.= „ siibanmdata, Philippi. 

120^ ,, VERRtJOOSA, Beuss= „ serlatopora, Beuss. 

121. „ POROSA, Stol.== 


Under the family name of Idmonidm, Professor Eeuss describes and 
figures in his ‘Bryozoa, Palseon. Stud, fiber die iilteron Tertiar. der 
Alpen,’ the following species of Kornera. Some of the species seem to 
be widely distributed iu the Alpine Tertiaries, but are most abundant in 
the Val di Lonti and Montecohio Maggiore material. 


122. Hoehera concatenata, Benss; 


ris. 

I) 

TRABECULARIS, 

jj 

124. 


ASPEEDLA, 

J3 

125. 

5J 

SERRATA, 

53 

126. 

3» 

d’Achiardit, 

33 


qp. cit pi. 35, figs. 5 and 6. 

„ „ fig. 7 = ?E. Mppo. 

lifJnts, Def. 

„ „ figs. 8 and 9. 

„ „ figs. 10 and 11. 

„ „ fig. 12. 


Prof. Boemer, in his Monograph of the ‘ Polyparien des Korddeutseh. 
Tei’t.-Gebirges,’ gives the following list of five Kornera as found in the 
Lower, and one in the Upper Oligocene:— 

127. Hornera bipunctata, Boemei', op. cit. p. 23, Tab. III. fig. 4. 

Low-er Oligocene. 

128. Horneka sulcopunc'PATa, Boemer, op. cit. p, 23, Tab. III. fig. 5. 

Lower Oligocene. 

' 129. Horhera tortoosa, Boemer, op. cit. p. 23, Tab. IIT. fig. 6. 
Lower Oligocene. 

130, Hornera niters, Boemer, op. cit. p. 23, Tab. HI. fig. 7. Low'er 

Oligocene. 

131, Hobnera lameblosa, Boemer, op. cit. p. 24, Tab. lil, fig. 8. Lower 

’ Oligocene. 

132 , Hornera gracilis, Philippi, Beitrage, Tab. I, figs. 7,8,9. Upper 

Oligocene. 
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Family TV, Lichenopouid^, Smitt.* 

= Btscoporidcc^ Busk, ‘ Brit. Cyclop.’; DtscoporelUdcp, Busk, ‘ Miis. Cat.’ 
pt. iii. ; Gdi’eidcc, (part) D’Orb. ; Tabigeridce, (part) D’Orb. 

‘ Zocirhm discoid, simple or composite, adnate, or partially free and 
stipitate. Zocecut tubular, erect or suberect, disposed in more or less 
distinct series, which radiate from a free central area; the intermediate 
surface cancellated or porous.’—Hincks, p. 471, 

Whether this family will remain intact as we get a more perfect 
knowledge of the structure of the fossil forms below the Tertiary rocks, I 
am, at present, unable to say. It would be unwise to displace the 
Tertiary forms that would naturally fall under this head, and the few 
Mesozoic species known to me may also find a resting-place here, for 
unless we knew more of the structure of the Jurassic species it would be 
also unwise to disturb the placement of these ; but when we come to the 
few disc-like forms of the Pcalseozoic rocks, -we meet with peculiarities of 
structure unknown to me in the more recent LiclienopoHdre, Three 
species are described in the ‘ Silurian System ’ as JDlscopom, and figured 
in Plate 15 of that work (figs. 21, 22, 28) ; these are named:— 

JDtsoopora aydujna^ Milne-Ed. ?^Gellepora anti^ua, Goldf. 

Memhranipora „ Blaiuv. 

„ sqmmata, Lonsdale 

,, ?favosa „ =iCeUepora favosa, Goldf. 

Within the last few years the affinities of these forms have been the 
subject of a good deal of controversy. Dr, Gustav Lindstrom (‘ Ann. 
Mag. ISTat, Hist.’ Ser. 4, vol. xviii. p. 5 and sequel), in speaking of the 
development of MontinuUjoora petropoUtana, Pander, says that—‘ It 
begins .... as a Bryozoon, as a Discoporella, or, as what Hall bas 
termed Ceramoponi imbrtcata (‘ Pal. N, Y.’ vol. ii., p. 109, pi. xl., figs. 
la~li). There can be no doubt that this is closely allied to the recent 
Blscoporella, (See Fr. Smitt, ‘Ofv. Vet. Akad, Forb. I860,’ p. 476, pi. xi 
fig. 4).’ This opinion has been contested by Prof. Hicholson in his 
work on the ‘ Tabulate Corals,’ p. 283, wherein he says—‘ I have en¬ 
deavoured to give a faithful account of the views Dr. Lindstrom ha^ 
published as to the development of the 3£o7ttic/dzpo7'a, and upon which he, 
in large part, bases his view that the fossils of this genus are really 
Polyzoa.’ Since the publication of the -works ‘ Monticuliporidce * and 
‘Tabulate Corals’ of Prof. Hicholson, Mr. John Young, of Glasgow, bas 
‘discovered specimens of another Bryozoon, or Polyzoon, as 1 prefer 
to name it ... . that is closely allied to the Silurian Gemmopora, 
and which I have been enabled to follow clearly in all its stages of 
growth until it becomes a true Montiezdipora’ (‘ On the Identity of Cera- 
mopora megastoma,’ &c., ‘Ann. Mag. Hat. Hist.’ Dec. 1882). The stages 
through which this form passes before it assumes the Monticidipora form, 
are similar to, or probably the same as, the stages indicated by Dr. 
Lindstrom—the Fistulipora and Thecostegates stages. Mr, John Young, 
however (Joe, dt, p. 430), does not commit himself to give an opinion on 
‘ the vexed question as to the zoological position of the organisms showing 
these changes, hut only states that, as regards the Carboniferous fornpi, one 
of two things seems certain, viz., that if Fistnlipora minor (M‘0oy) he' 
held to be a tabulated coral of the Moniimliporida} group, then O&rame- 
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jpom megasioma (M‘Coy), is onlj its younger stage ; and if, on tbe other 
hand, the latter form be held to be a Polyzoon, then its later stage is only 
a further development of Polyzoal life, and Fistiih'pom mmor, and the 
other forms indicated in Dr. Lindstrom’s paper in the ‘‘ Annals,” must of 
necessity be removed from the Tabulate Corals.’ 

It is impossible to gainsay the logic of Mr. John Young, however we 
may be inclined to controvert the views of those who still hold the Polyzoal 
affinity of Silurian Discopora. I do not, however, speak without a full 
knowledge of the whole of the forms previously referred to, and at present 
it would be better to defer any ^positive opinion in the face of the really 
honest work of Dr. Lindstrom, Smitt, Prof. A. Nicholson, or Mr. John 
Toting. Yet I cannot forbear remarking that, so far as I can rely upon 
my own work, I cannot s^Deak in favour of the views of those who hold 
the belief that any natural affinity exists between the Dlscopora of the 
Silurian rocks, and the Fiscoporella of present seas. In this review, then, 
I must except the Paleozoic forms altogether, and I would prefer, for 
the present, to leave also the Mesozoic as well. 

Genus LrenENoroRA, Defranc. 

‘ Zoaruim discoid, raised, simple, or composed of many confluent disks, 
entirely adnate, or partially free, and sometimes stipitate, developed on a 
thin lamina, which usually forms a border round it. Zomcia distinct or 
connate in single radiating lines, or mnltiseriaL’—Hincks, p. 472. 

133. Liohenopob-A hispida, Plem. (Hincks,p. ^^%)^l)i$coporella Idspida, 

Gray ; Bask, ‘ Crag Pol.’ p. 115. Fiscocmea (Licliempom) 
aculeata, WOih. fJSeteroporella racliafa. Busk, ‘Crag Pol.’ 
p. 127, pL xix. fig. 2. 

Mange, —?Oor. Crag (S. Wood) ; Scotch Glacial Deposits (Geikic); 
Post-Pliocene, Canada (Dawson). Living. 

134. Lichenopora eadtata. And. (Hincks, p. iTB^^Discoiwrella sp., 

Manzoni, ‘ Bry. du Plioc. de Rhodes.’ 

Mange, — Pliocene; Rhodes (Manz.) ; Brnccoli, Sicily (Waters). 
Liviug. 

135. LiOHENOPOBAYEBBtrCARiAjLinn. Pabr. (Hincks, pA7S)^I)mo6nma 

and Unicavea^ D’Orb. ‘ This in many respects resemblos J)^ 
radiata. It is not the Fuooperdla verrmaria of Manzoni Bry. 
Poss. Ital,’ 4th Conir. pi. vi. fig. 33), which may bo iJia^ 
stopora jlahelluni^ Rss.’ (Waters, ‘ Bry. Bay of Naples,’ p. 271), 

Range, —Living, Possil (?), 

136. ' Ligheeopora crassiusgula, Smitt (Scand, Bryoz.)t=:!Fw5w%?om 

Orignonensis^ Busk, ‘ Crag Pol.’ p, IIC. 

Mange ,—Crag (Busk). Living, Northern Seas. 

137. Lichekopora BEGULABIS, B’Orb. (Hincks, p. 479) ; D’Oi'b. ‘Pal. 

Pr,’ 

Mange.—Prench Cretaceous beds. Living, Shetland, 

Genus Domdpoea, D’Orbigny. 

Fomopom^ D’Orb., 1874, ‘ Prod, de Pal.,’ Busk; Defrancia^ 

Eeus0, Hagenow, Sars, Manzoni; CeHopora, (part) Goldfuss ; StelUporay 
(part) Hagenow, 

* Zoanum massive, cjrlindricai or mammiform, simple or lobed, formed 
of a number of subcolonies superimposed one upon the other 5 the whole 
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surface porous. Zoo^cia disposed in radiating lines, consisting of one or 
more series, on tlie free extremity of the stem or lobes.’—Hincks, p. 481. 

138. Domopoea stellata, G-oldf.; Hincks, p. 481; Goldf. ‘ Petrefac.’ 

i. p. 39, pi. XXX. lig. 12 = Stellepora stellata^ Hag. ‘ Biy. Maest.’ 
p. 44 = Defranda stellata^ Heuss, ‘ Poss. Pol. Wien. T.’ 37, 
pi. yi. fig. 2; Manzoni, ‘Bri. Foss. Mioc. d’Anst.’ 

Mange .—^ In stratis arenoso-margaceis,’ Westphalise (Goldf.) ; Anstro- 
Hung. (Manzoni) ; Vienna Basin (Reuss). 

139. Defrancia bisticha, Hagenow (a -v^ith smooth interspaces), 

Tab. lY. fig 1. 

140. Defrancia Michelini, „ „ „ „ 

Tab. IV. fig. 6. 

141. Defrancia cochloidea, „ „ „ „ 

Tab. IV. fig. 8. 

142. Defrancia diadema, Goldf. with porous interspaces, Hag.), 

Tab. IV. fig. 23 ^Geriopora ibid., Goldf. 

143. Defrancia reticulata, Hag, (/? with porous interspaces, Hag,), 

Tab. IV. fig. 4. 

] 44. Defrancia cariosa, „ „ „ „ 

Tab. IV. fig. 6. 

145. Defrancia sellula, „ „ „ „ 

Tab. IV. fig. 7. 

Mange .—The first and fourth of Hagenow's species are found both 
at Maestricht and Falkenberg, the restare Maestricht. Busk, * Brit. Mus. 
Cat,’ pt. iii. p. 35, gives D. hnmcata, Jameson, as a Recent Northern form, 
and he gives Geriopora stellata^ Goldf., as a synonym. 

This is the end of the classification of the Ojclostomata, so far as 
Mr. Hincks gives any details. But Mr. Busk, in his ‘ III. Brit. Mus. 
Catalogue,’ admits the following. 

Family VI. Frondiporii).e, Smitt. 

= Mascieulinsce and Fascigeridce, D’Orb.; FrondiporldcB and Oorymhoporidce^ 
Smitt; Gerioporidce, Busk ; Gerioporma, Hagenow. 

‘ Zoarium massive, stipitate, simple or lobed, or ramose. Zcoecia 
connate, aggregated into fasciculi, and continuous throughout the length 
of the fasciculns, at the extremity of which only they open; walls of 
cells porous; no intermediate pores or cancelli.’ 

Fasciculipoea, sp., are found in the Jurassic strata, and Fronbipora 
also are probably as old as the Chalk; but in this Report I can give no 
details respecting the species. 


Part II .—Sisiorical Labours on the Group. 

Cretaceous Poltzoa (Pt. ii. Foreign Species). 

See Cretaceous Poltzoa (Pt. i. Brit. Species), Brit. Assoc. Rep. Foss. 
Polyz. (mibi), 1883. 

It is impossible at the present time, and with our present knowledge, 
to comprehend the full meaning of the grouping of the Fossil Pplyzoa by 
the older naturalists. The genera were few in number and not always 
well defined, so that the history of any special group is, comparatively 
speaking, the history of advancing knowledge—not, however, based upon 
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strncfctiro, hwi upon external form only. Then, again, the form and halnfc 
of an individual type aervecl as a pt'oicxb for founding new genera and 
new species, wiilumi, in many cases, the least regard to struefuraJ 
peculiaritioB. J do nob put this down as a reproach, but ratlur as om^ of 
the primary reasons why f hoso tinie-lionouivd naturalists are dlsr(‘gn.rdc(l 
by younger workers. For myself, I hav(^ no desire to ignore tin* help of 
early investigators, and I wish particularly, in this division of my Ih’port, 
to give as full a history of the grouping of Fossil Polyzoa-, togethi*r with 
as full an account of t.hc species, as possible. I do this in the interest oC 
two dilfereut classes of workers. In the first places, 1 desiro to give- 
beginning with Goldfufls—the Palseouiological history of the !h)Iyv.on, 
ranging from the Cretaceous bods to the highest bods of the Tcjliary ; 
and, in the second, to place in the hands of fellow students a full history 
of species described by the successive workers also from the times of 
Goldfuss to the pt'esent, giving, as far as T am able, the modern clnssilh 
eatery name. This part of my Jtopoit may appear, to all but the two 
sets of woi'kers named above, a tedious piece of labour. But when it is 
remembered that many of the works, papers, or monographs of tlu^ earlier 
workers are at the present day inaccessible—or almost inaccessible t‘X(*ijpt 
to those who reside in the vicinity of large libraries “-“the tediousness will 
bo more apparent than real. 1 think it will bo admitted by all, that the 
whole of the lists of species of Polyzoa must be ac‘(!e])t(id by lln^ 
Palfioontologisi—unless by carefully working over the old work niatjy of 
the early names ai’O reduced to synonyms. In many cases I know that 
this is their ultimate destiny. Until new students, then, n.re contoni io 
work along the lines fully elaborated—from the consecutive labours cd’ 
the liev. Thomas Hincks and Mr. A. W. Wateivs —in the earlier part of 
the present-Report—confused and ill-digested compilation must follow. 
I have been asked, over and over again, why not work along the lintss 
laid down by D’Orbigny in his grouping of the Polyzoa; or if not, give 
my reasons for neglecting him, J have no wish to do either. fitr m 
D’Orbigny gave to us original woidc I am proud, and oven glad, to follow 
him ill Ills groupings ; but I do not behove that a dcjzcm nuui exist who 
can adopt his method with any satisfaction to themsclveH. I*ri>ressor 
Itoemor adopted ITOrbigny’s classification for his work on the Nonhlcnfhcli 
Bryozoa ; and so liavc the Messrs. Gabb ami if<n*n for their monograph 
of the Secondary and Tertiary Polyzoa of Kurth Amcvu*a; and a prttily 
full digest of D’Orbigny’s syaicmi is given in M. PicU^'s work on 
Paleontology, and also a goodly numlKU'* of figures to illuHtrate iiio man;y' 
divisions. 

In one of Professor Srnitt’s elaboraio })apera—* Floridan ami Saatii« 
dinavian Bryozond -the author lias given identifications and probable 
relationships of his own with some of J)’Orbigny*» genera and species, 
and I have availed myself of SmitPs valuable lists for the sake of syno¬ 
nymy alone. With regard to Hagonow, Reuss, Manzoui, iiusk, Waters, 
and some few others, 1 think iliat no two opinions can exist as to tlui 
value of their special labours, and the very full list given from tlicHC 
authors will, I think, bo fully appreciated by the working stmlenfc at 
least. It may be well now to explain the principle by which I have been 
guided in oompiling this part of my Report. In every case in dealing 
with an author’s work I have not disturbed his grouping or arrangement 
—except where it was necessary to break up the list for the purpose of 
giving a stratigraphieal arrangemont. In an opposite column I have 
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given, wliei’O I could, tlie modern and, to me, more acceptable names; 
otherwise the work is practically that of the author named. 

At first I only intended to give the history and classification of 
Oyclostomatoris Polyssoa, leaving for future work, or for others, the 
history, &c., of Choilostomatons forms; not because I had no desire for 
the complete task, but because of tbo limited timci for the continuous 
application neccs*sary for the success of the liopo)‘i. in making my 
wants known to my ever constant friend—Miss E. C. Jelly—her answer 
^vas prompt and welcome: * The Cheilo>stomata mist be done, and yon 
can command'my services to any extent in the work.^ Of her labours I 
have gladly availed myself, and I owe to her the compilation of many of 
the elaborate lists given below; the arrangement, however, is my own. 

It must not be supposed that wliat follows arc mere barren names, 
which are easily written and as easily passed over. I have a fine suite 
of the Eaxoe Limestone Polyzoa—almost equivalent to those of the Maes- 
tricht beds—and also of the Cretaceous rocks of America, and whenever 
I have made remarks on an author’s work, I have only done so after a 
study of the species in my possession. The same remark will apply to 
the Australian forms described by Mr. Waters, and many of the species 
described in the works of lloemer, lleuss, and Manzoni, Of the Crag 
Polyzoa and Posfc-Tortiary species, T may stiy tliat it was the study of 
these forms that gave to mo my first and longing desire to make myself 
as fully acquainted as possible with the whole of our Fossil, as with our 
Hecent Polyzoa, and, thanks to Miss E. 0. Jolly and to Miss Gatt.y, my 
desire to a largo extent has been gratified for Recent and Fossil forms. 
T am greatly indebted to Professor Roomer of Brcslan, and to Mr. J. M. 
Nicklcs of Cincinnati, for material from Cretaceous and Tertiary horizons 
which have been of great advantage to mo in my varied labours on these 
Reports. 

For reasons that may bo easily understood, I x)laco Smiti’s list as a 
preface to this part of my Report, rather than in the first part, where it 
ought to bo placed. In it the student will find tho fullest synonymy that 
I have yet mot with from D’Orbigny, and this in itself is a fitting intro¬ 
duction to the works of Roomer and tho Messrs. Oabb and Horn, 

F. A. Bmitt, ‘Floridan Bryozoa,’ (Chcilostornata).—F. A. 

Smitt, ‘Scandinavian Bryozoa,’ IHfiidiH (Oheilostomata), and Cyclo- 
stomata. 

In the above works of Professor Smitt, we have not only the author’s 
systematic arrangement of gouex'a and s]U‘cios, but a most elaborate 
synonymy, and tho two works are evidently amongst the finest of original 
memoirs ever oSbrod to the scientific public on this special group of 
animals, I have not thought it in any way neocssaiy to alter or 
disarrange tho text of tbo author. 

Scandinavian CHKn. 0 STOMata. 

Chsilostomata. 

Sub-order OKrjAJf.AraNa. 

1. Aetea anguixa, Linn.; ibid., D’Orb. ‘Pal, Fr, Terr. Cr4t.’ v, p. 4L 

2. „ „ (a) forma s^aUmlafa 

3. „ „ (/3) „ recta «== Stmmfojpora gnUica^ (?) D’Orb. 

/. c. p. 836. 
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Eugtiatea, Lamx. = OateMaria^ D’Orl). L e. p. 43. 

4. Cellueabu tkbnata, Sol, (Menijjea ScrupoGdlaria, HinckK). 

r>. («) forma=: ibiil. D'Orb. I, r. p, ■17, 

T). ,, KKPTANS, Linn. = Ckllnhirla^ D’Orl). 1. r. p. bl). 

7. „ ECliUPOKA, „ „ „ „ 

5. Gkmellakia LORiGATA, „ r=z Gnmllavia^ „ Z. r. ]). 43, 

9, BiOWELAiuA (UiiiATA „ r=: Oellidarift^ „ „ p. 49. 

10. BuGiHiA AVumLAUiA, „ =: Ornitho^wm „ „ p. :122. 

11. „ fornxa Jlahelluia = Oriuthojoorma amvhuht^ D’Orb. /. r. 

p. 322. 

12. Bugitla {ovm^ fadigiiitii ^ A&imarclm, D’Orb. Z. c» p, 321. 

13. „ Mukrayana, Sm, = Ornithoporina dilata^ D’Orb. Z, c, 

p. 323. 

Sub-order Flustiuna. 

14. Plustua membr^naceAj \Aixn. ^ llepti)fimi'm fehura, D’Orb. 1. 

p. 328. 

15. pLijSTffA HicCTTUiERONH, Pall. 5= Ibid. D’Orb. I r. p. 55. 

IG. „ VAPYREA „ = Semijlusimta cavhamt^ D’Orb. Z. r. 

p. 320. 

17. Fbustua For.iAORA, Linn. = Msehara ibid. D'Oi'b. Z. c. p. 55. 

18. Cklearia FiKSTUiiOHA, Linn. = Oellarm mlironutt^ D’Orb. L r. ]». 28, 

(Seo ante for synonyinH, JUncks & ikniKS.) 

19. MEMimAi^iPOB.A LiNRATA, Liim., forma (iraU(UtJa, Ahhv Uqdoj!a, 

trella ardioa, D’Orb. 1. r. p. 571. 

20. M3!}.Mi}riANrponA forma Iwcntitss Rrpfdj^efrhut, ibid. D’Orb, I, /!. 

p. 334 =s= Mmnlranlpora mdeebndeutafa^ D’Qrb. /. tu ]>. 54*2. 

21. Membranipoka foma Sipliiw, Bunk rr li(ffofli(s(rhiti imdhtt, 

D’Orb. Z. r. p. 582. 

22. MiOMBJiANiPORA forma mnmdmna^ D’Orb. «5 IhptnjlmMbi ibid. 

D’Orb. Z. «. p. 571, 

23. Mrmbuaeipoha AumnoA, D’Orb. «::= hnmiliudfdlivrttt. ibid. 

D’Orb. MS. 

2L j\lRMi!ii*AKrpouA Fi.HMrxmu Dunk, iovnm M. /f//b//)OR, 

* B. Ora^^ Pol’ p. 32 = hL * IbklmK Pol.’ p. 32. 

25. M,k,miiranipoua j‘i!iOHA, Linn, (typioa) ^ Jivptdedmifi p/hhsa, D’Orb, 
LPal. Fr. Tor. 0.’ v. p. 334 ss?. Ibpivhdtdtat drudttht^ D'Orl), /. r* 
p. 3;l4i2» bJlrvfruKt lamellvm and eiiUmlrm^ D’Orb. /, r, p. 188. 
2G. MEMiiRANiroiiA forma moumfdidrtja^ ibmk =« MthsMbnda pvsiHlosi^^ 
(?) D’Orb. Z. r, p. 520. 

27. Mribbranipoka forma miminlrndth^ damcmou (non Uipmikm 

mivunliiria^ D’Orb. ‘ Pal. i<k*an.*) KlV/r«pomm/^/o.w/D’Or1). L c. 
p. 539. ' ‘ 

28. MKAtmuHiPORA fonmi, mmdmitutcm^ Midi, sas ibid,, D’Orb. I. r. 

p. 542. 

Sxib-ordor EscirAarNA. 

Family EscuARirojonj^. 

Eschaiufoba, D’Orb. 

29. „ ruKCTATA, Hass, (‘ Omg Poly.’ p. 40). 

30. „ AHHUi/ATA, Pabr. as lUpimdiafdla JlemnmmU^ Clabli 

& Horn ss VrihfilUmi Hincks. 
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PojUNA, D’Orb. 

81. „ MAFiMTSfr, Aud, Bepte 2 wri)ia ibid., D’Orb. ‘Pal. Pr. T. 

C.’ V. Z. c. p. 448 = Meptejjonna hexagona^ D’Orb. ‘ Pal. Fr. T, 0.’ 
V. Z. c. p. 444. 

32. PoruNA oiiiiATA, Ball (Lqmilia ibid., ‘ Crag Pol.’ p. 42) = Pyriflus^ 
trella ardim, D’Orb. Z. r.. p. 570. 

EsCHAREhLA, D’Orb. 

83. EscharioiJjA LEOi-OTiMf, And. Gelhpom ibid., D’Orb. (op. dt) 
1. c. 401 = Bepioporina, D’Oi*b. = Beptescliarella simulafa^ D’Orb, 
Z. c. p. 405. 

34. EscitaiieMjA Jacotina, And. = Beptesdiarella Pacotlna^ D’Orb. Z, c, 
p. 405 = Senriescliam lamellosa, D’Orb. Z. c. p, 306. 

85. EscuARKLiiA LINEARIS (forma typica) = Semiforlna 'puldidla^ 
D’Orb. Z, c. 410 = SemiescIiareUina ohlonga, D’Orb. Z. c. p. 450. 
80. PjSCHAREEiiA EiNEAKis forma hiapcrta = Beptioporincu hiaperfa, D’Orb. 
Z. p. 442. 

Mollfa, Larax, 

37. ,5 JITALINA. 

38. „ ,, forma dhurrlratn^ ljti.mx.=^II!ppot]wa divaricafn, 

D’Orb. ‘ P. F. T. C.’ V. p. 883 =: Ilwpatlioa catemilarla^ D’Orb. ^ P. 
P. T. 0.’ V. p. 388 = llippothod Savignymm, D’Orb. ‘ P. F. T. C.’ 
V. p. 888 = JJippaihoa horealJs, D’Orb. ‘ P. E. T. C.’ V. p. 384 =s 
Kippothoa wc(Z/Zerm%m, D’Orb. ‘ P. li’. T. 0.’ V. p. 384 = 
H'ippothoa Bohertma, D’Orb. ‘ P. F. T. 0.’ V. p. 384 != Kippotliocb 
patagonim^ Busk, ‘ Crag Pol.’ p. 24, 

llYllIOZOtTAl. 

39* „ oitusTACEUAi, Sm. = (?) Bsdmm iiicisa, M.-Edw., 

Micbelin = Baohara 'Zac/.w, D’Orb., Busk, ‘ Ci'ag Pol.’ 

40. Myjuozouai suiKJRACiiiis, D’Orb. = .EifcZuim incim^ D’Orb. ‘Pal. F. 

T. 0.’ I c. p. 602. 

EsOJnfAKIJDJL 

41, Lkpralia lirproPUS) Sin. = (?) ThdmjmJ, M.-Edw. 

42, „ oimvtcoi.’Nis, Pali. =5 ibid. D’Orb. ‘ P. F. T, 0.’Z. c. p. 
344, 

43. Lepraija BiiEGANTUhA, D’Orb. ibid. D’Orb. ‘P. F, T. 0.’ Z. c. 

p. lOL 

EsCHAtiOTDES, M..Edw. 

44, „ SABsri, Sm, = (?) BsrJiara lohafa, D’Orb. Z. r. p. 101 
==: (?) Bschara grandlpora^ D’Orb. Z, c. p. 345. 

Family DiscoroniD-®. 

45. Discoporacocoinea, Ahhild^.^Z^ralia mnoloBi^ (pars) JO. Pemlm ; 

JO. vevdricosa^ Busk, * Crag Polyz,, pp, 48 and 49, 

46, DxscorORA foimia omU$^ Hass*» JO, variolosa, (pars) Busk, ' Crag 

Polyia.’ p. 48, 

47. Disoopoba Sbehii, Sol jD* Umnis, Busk, ‘ Crag Polyz;.’ p, 47- ' 
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Sllb-ovdcr CKl-IiEPOUIXA. 

Family CRUiKi’Oinru:. 

4S‘, Oellepora UAMUiiOSA, Linn., fonna tuhfram = Jivphu'rUvparnrut 
tuberom, ITOrb. ‘P, F. T. C.’ xi. I>» -bJS ^ 

tubifjam^ Pn.sk, Pol.’ p. GO. 

Foniia rf/nu/io.s'o. = ibid. Busk, ‘ Orn^ Ikd.’ p, oS\ 

49. CEMiEPUKAlilA I.NCRASSATA, Li 1111. = ii)id. D’OlL.Mk V. T. P.’ V, 

p. 419. 

Family Ri-vrio im ni 11 >,v.. 

50. Eiotepoka CGLLiTLO.SA, Liiin., forma Hufupiti'/njh* (rt, forma fiipb'(f) 

= lietepom iwtoparJnjs^ Bu.sk, ‘ Crag Pol.’ p. 7d>. 

Floridan Ciri-ai.osTOM vvx, 

51. MEMBr{AXiPoa\ canaiumnsis, B., ‘Bin. FI.’ ]>]. ii. f. 10 = CHpfihirbf. 

ibid., Bu.sk, * Or. PoL* p. 87, 

52. MEAiiuuNirouEtiiiA A(!Assizii, Bm., SSm. Kl.’ pi. ii. f. II. Com. 

pare BscharlporajUiftn^iiiif^^ D’Orh. f. r, p. 252, 

53. CaruiiARiA UMnEfiLATA, I)(‘r., ‘ Brn. KL’ pi. ii. f. 11-==: ibid, ^ P,ri. 

Plio. Ital.,’ Manzoni, 18(>9, p. 20 = ? Ih'ncitjmrf'lbf 

B’Orb.‘P. F. T. C.’ p. 474==? IhWnporpIhf <bu!tiruhh, ihhh 

& Horn. 

54. CurtiXiAiMA noM.\, B’Orb., ‘ Bin. Fk’pi ii. f. 15, 

ibid., D’Orb. t r. p. 501. 

55. Steganoporei/LA ^ klegak.s, M.-Edw., * FI BrvP pi il f. 15=5 

IhohimlVim, D’Orl). ‘ P. F. T. iV v. p. 41-S. ^ 
55^STEGANO^ORMRU floziRR!, Aud., ‘FI. Bry7 pi ii. f. IfJ=s/iVnZ#w*/oN'- 
dlina, D’Orb. ‘ P. F. T. 07 v. p. 453. 

50. BiFnus'Jiu Lagroixh, ' Kl Bry7 pi ii. f. IHssIZZ/Wm and AVmZo- 
fliidm ibid., D’Orb, 

h7. Biplustiia DKNTimmATA, ‘FI Bry7 pi ii, f, 

hihmrMhtta^ Ibisk, *0. P.* i). 30=D’Orb., ‘1*. M 
T. C.’v. pp. 328--329. 

58. Bipmtstra BAYAirrii, * Kl Bry.’ pi il Umhranlpmt^ D*Orb. 

/. r., p* Ftmtrdlaria lubahmu D’Orln, L r., p. 532 

Mvmhravijwm D’Ork, /, r,, p, r>5(te.?4/rRpo*a///p>nvr 

Havivdi'h Bunk, *Cmg Pol* p. /b'/5vr///Ar, Busk, 

‘ <lrag Pi)l* p. 72. 

59, CmiimiaNA rapiata, Moll, * FI Bry7 pi ii. f, 22, * Vary imartoilio 

pnMMii Hpooios, and its ftllio.M tnwMt» bu plaooiV BVm5w*/mWpnm 
D’Orb. ‘P. F, T. 0,* v. p. 4H0 •=! dmiim^haviptmi 
JFOrb, ‘P. F, T. 07 v. p. 485 = Hunnmharipora (HudiH. D*Orb. 
*P. F, T. U7v. p.488. 

00. OuimuraKA JNNOMiKAXA, (joucb, ‘FI Bry7 pi ii. f. 22sss;>fpmZ/W, 
ibid,, Busk, ‘ 0. P.* p. 4U=a?ifopte//.arfi//t« D’Orb., /, r., 

p. 4GB. 

01. PoKELniNA ciwATA (soo 3flcroporelli^ Ifincks), Bry7 pi Ji. 
f, 26^Mepiopordlma subculgann^ li’Orb., 1. <?., p. 477. 

62. POEINA VIOUCEA (seo MiGToporella^ Hinoks), ‘FI, Bry7 pi ii. f,30 

, txsLepmlia ibid., Busk, ‘ 0, P7 p, 43. 

63. PoRiNA matorOHA, ‘ FI Bry7 pi ii. f. ZO^lepmUa ibid., Bank, 

‘ 0. P.* p. 44, 

* Btogimporelhi Sm. 
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64. MAivnLLOFOEA cui^ULA, Sill., ‘FI. Bry.’ pi. ii. f. '^2:=:?Go7iescliaTelUna, 

D'Orb., 1. c., p. 446. 

65. Gkmillil'OTU kuuunfa, Sm., ‘FI. Bry.’ pi. ii. f. ^h^?Eijp;potlioa 

elegms^ D’Orb., /-. c\, p. 384. 

66 . Hipfothoa Tsabkllina, D’Orb., ‘FJ. Bry.’ pi. ii. f. 4ii.^Ite;ptoi)o- 

D’Orb. = nnivornis, liincks. 

67. EsciiaeiolIjA SANCiurNroA, Sm.=FOr;Z/f^jinm si(Morqaata, D’Orb,, 1. o., 

p. Si)\) (Schhoporelia, Hincks). 

68 . Escuaiiklla pidhtusa, Esper = Gellejoara, D’Orb. (Lep'dia^ 

Hincks). 

69. EscnAEELriA AiTDOiTiN[i=<7eZZppom, D’Orb.; 0. D’Orb. 

=?(7. 0 'VO'idea and G. suhovoidea, ‘ Pal. Fr. T. C.’ p. 402 (Lep'dlia^ 

Hincks). 

70. Lepralia iNOExVATA=06»Z/pjt9ora ibid., Gabb and Horn. 

71. Lkpralia edax, Busk= O^ZZcpom edax^ Busk, ‘ Crag Pol.’ p. 59. 

72. Retepoea AiARSUPrATA= 2 ?P/iZcZf)Zo23ora lalkitct^ Gabb &o Horn. 

73. Discopoea alpirostrts (forma typica)=OeZ/6j)ora cemZoj/iorp/it/,Rss., 

‘ Fos. Pol. W. T.’ p. 80= 'tGelle^wm cMcdina, Mich. ‘ Icon. Zoo.’ 

p. 324. 

In giving these lists of Gheilostomata from the Floridan and Scan¬ 
dinavian Bryozoa of Pi'ofessor Smitt, 1 have not thought it necessary to 
curtail any of the synonyms, or alter into the more modern genera any of 
the forms described by the author. The student will see at a glance how- 
very different Smitt’s andliincks’s genera are, and how readily the latter 
anther has adopted from Smitt the generic terras that could be adopted 
with safety. It will he for those who take up the study of either Recent 
or Fossil Polyzoa to arrange their species after any author whomsoever 
they may choose to follow. I believe, how^over, that for the first time, 
both Pahnoiitologists and those who take up the examination of Recent 
or living forms, have been, by the publication of the present Report, 
put in possession of lists which will facilitate research and prove 
advantageous to future scientific exposition. 

Smitt: Oyclostomata (Scandinavian). 

Tribe Inpundieulata, Gervais. Order Oyclostomata, Busk 
(sss Omitrif ugim^ D’ Orb.) * 

Sub-order RADrcKLLATA, D’Orb. (ssArHvidakt^ Busk). 

Family Crisik4'3 ; Lrs Oiusriis (M,-Edw.)=Ommf7('r3, D’Orb. 

CmsiA, Lamx. (=6VLsv‘a, Urtwrlda, Bhrma^ Orkldea, FiUorma, D’Orb,). 

1. CmsiA oouNUTA, l4mi.=FVZimm, D’Orb. ‘PalFr. Terr. Grot,’ v. 

p. G04 

2 . Ceisu /i comuTA^GriHidia, D’Orb. ‘Pal. Fr. Terr. Ordt.’ v. 053. 

3. CEisiA EBui^NEA. Linn.=OnVZa, D’Orb. „ „ „ „ „ 598. 

4. CiasiA DENTicuLATA, Linn., Orisia, D’Orb., ‘ Pal. Fr. Terr. Orct/ v., 

p. 599, and Busk,‘0. IV p. 93. 

Sub-order Incrustata (= Imrticidaictf Busk). 

I. TuBtJLiNEA, D’Orb. Family DxASTorOEii>ii3. 

Diastopoea, Lamx.; M.-Bdw. 

5. DiASToroBA RETms=iI.7erio, Busk, ‘OragPol/p. 112=;:PTolo$cim 

didiotoma^ D’Orb. ‘P. I?. T. Ordt.’ v. p. 847=Pro6o$CJma Tou- 
casimOf D’Orb. (?) 1. o.^ p, 856. 
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6. DiAsropOBA SIMPLEX, Biisk, ‘Cra.£^ Pol/ p. 113—(non D’Orh.). 

7. IJiAS'ropoiu nvALiXA (rt), D. ohtim^ Sohmt,^IJerejiicea mvmuwns. 

D’Orb, /, r., p, 802. 

8 . JJiAHTOi'OUA irVAT.iXA (/*)), latnmavrfmata^ WOvV^DImtoiumi ibiil., 

DH)rb./. p. 827. 

9* Diastopoka PATiMA (/3) (bimia typ^ca==i)/^‘^v)^7^a/^'^<^ maryhafa, D’OpK 
p. Hepttim^diii^parm cnngtida^ D’Orh. (?) /. r., p. 8/8, 

10. DiASTopoitA PATiKA (y) ^orm%nt{lutta^ll{vU,ohihiifmt^ il’Orb. sp, 

Fatvmlla prolitjeni^ Busk, ‘ Ci*ag P/ p, 104<, 

Mesenteripoua, Blainv. 

11. MESiCNPEniPORA AIEANDRINA, Wood; 'D'Ovh.^Gerhpora eompremi<, 

Goldf. ‘Petr/ voL i., p. "^I^FolijirGma^ D'Orb., ‘Prod. Pal. 
Strai.’ vol. ii., p. Hagcnow, ' TJry. IMast. Ivreid/ 

p. ^^0'==:23kl^aMopoTa and MesenUri port i Mich din D’Orb., * Prod. 
P, ^Bidimtopora and MesenieTipom D’OPo.jrs 

MGSciiterlpora meandrina Busk, ‘Crag Pol.’p. IOO—il/cwra^'r/- 
pora 'nmmmwnsis^ D’Orb. ‘ Pal. P. T. 0.’ p. 8i)8. 

Family ToimLiPOiun.K, 

Tobulipora, Lanix. Snb-goriuB Tdmonba, Tjamx. 

12. TnnULiPORA atIuYKTica, Forbes, Ibriua cmiin'^hbmnm mmnop^m, 

D’Orb. ‘Pal. Fr.’ b c., p. 72d^I(lin(meu amjmMa^ D’Orb. ‘l^ab 
Fr.’ 1. r., p, 731. 

18. Tubulifora EENESTiiATA (Busk?) {lilmmim) *0mg Pol.’ p. 105. 

14 Tubultfoha sebpkks, foi'ma ereciasssldmormi dilaiata^ D’Urb. *PaL 
Fr. T, Cv6t: p. 731. 

15, Tubulipora SERPENS, foma rnyen.*?« IkpiokMjem iuhnltfem^ 
D’Oi‘b. ‘PaL Fr. T. Grot.’ p. 7i‘>2^ UfnHotuhujmo C 0 iiflucih% 
D’Orb. ‘ Pal. Fr. T, Crei;/ p. 752. 

(Sub-gciitts Phalangelba, Gray.) 

10. TruujLipouA ealmata, W()od=='/kWipom ibid. Zoopb. Grag ‘Ann, 
Mag. Nat. Hist.’ xiii, p. H^AIcdo dilaimis^ Busk, ‘(’rug 
PoV p. 102. ^ 

]7. TuiMrijpouA Prahmimt mpain, IPOrb. ‘Pal 

Fr. T, 0/ p. M7 ^ Tulndliwra Jlfflmllamf Buak, ‘drag 11’ 
p. 11 L 

18. TuBiJLiroKA KLABEBUius, Pn}h ^ Tnlmllpura Temkuna^ D’Orb. 

‘ P, Fr. T. G/'v. p, %il2^Tithiddpom phahvngmi Jlnnk, ‘Crag 
Pol.* p. ILL 

Sub-go,nus ParujosciXA, And. 

10. IbimrLirORA jnoiusbata, D’Orb., fonna mda^Filmpmw imrmmUi, 
D’Oxd). ‘Pal. Fr. T. 0,’ p. Hl7^i7lmpaTB(hM)fci8‘mf D’Orb.,ibid. 

20. Tubulu^ora 1 K0UAS8ATA, D’Orb., forma mpem « Biomatopom, 

D’Orb. (?) ibid. p. *SH6^8i(miaio2mux.mcrmmta, D’Orb. (?) ibiil 
^Btomdtopom nciimilaia, D’Orb. (?) ibkl p. Bi^l&sProkmhm 
serpens^ D’Orb., ‘Pal. Fr.* h /?., p. 847. 

21 , TuBULrrORA penioillata, P^hv^^Defranm striaMa^ Busk, ‘Crag 

Pol* p. 117* 
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Family IIouneridad, 

Hokneua, Lamx. 

22* Horneka MaiiENOTDES, Liim.=IZbmem horealls, Busk, ‘ Cras? 
Pol.^ pp. 95 and lOB. 

I'amily LxcitENOPOJiiDiio. 

Bxscoporella, Gray. 

23* Dtscoporklla VERRUOARrA, Linn., Fabr.=Bi5cocavea, D’Ork ‘Pal. 
Fr. T. Crot.^ v. p. ^hQ^Unicmea convexa^ D’Orb. ‘Pal* Fx\ T. 
OreL’ V, p. 972. 

24 Dtsgoporella oiiASStuscuLA, Sm.^Tubtdipora Grignonensis^ Busk 
Crag Pol.' p. 116 (non M.^-'Edw.)=D(^ranciamgosa, Busk (?) 
I c., p* IIS. 

25. Discoporella iubpida (Flam.) = mediterranean Mich. 

‘ Icon. Zoo.'p. ^H^lhidcavea, D'Orb., ‘ Pal. F. T. C.' p. 971=D?'s- 
Gocavea (fcitleatft, D'Orb*, ‘Pal. Fr,' L e., p. dbS=lIeteroporella 
radiata, .Busk, ‘ Crag Pol.’ p. 127. 

II. pASCrctrLiNEA, D'Oi’b. Family Fuondipokim. 

Fiionojpora, Blainv. 

26. Fuondipora (a) RETfuUhATA, Linn. =:P/oRd7i25om ibid., D’Orb., ‘Pal. 
Fr. T, 0.' V. p. 677. 

Frondipora (/3) iiKTiciiLATA, Lmm'sszFrondi/pora vernccosa, D’Orb*, ‘ Pal. 
Fr.T. 0.’V. p.678. 

Family CouTMBOPOmM. 

OoUTMBOrOBA, Mioli. 

27. CORTMBOI’ORA FUNGiFORMis, Sm. =? Fungella pralifera, Hag. (?) 

‘Miist* Kroid.’ p. 37=IWcw%o^^ ‘Pal. Fr. T. 0 .’y. 

p. GQS^Fmgella quadriceps, Busk (?), ‘ Crag Pol.’ p. 119. 

DniniANcuA, Broun. 

28. Defrancja LUGJ'VHNARiA, iim,^I)mof(mig&Ta ouptda, D’Orb. (?) 

L (?., p. 675. 

I would strongly advise the stuilent of Fossil Cyclostomata to com¬ 
pare tho BpccioH named, if in liis power to do so, oi' contrast at least 
tlio lists given in this report from Hincks, Busk, Hagenow, and 
Heuss. It will bo scon what difienuit estimates aro given of Zoainal 
charactei^s by the dilibront authors. The nmltiplication of species is un¬ 
avoidable if we take into consideration habit only. In Smitt’s list given 
above, thes author certainly deserves the thanks of workers for his 
endeavour to combine loading facial characters in his simple Family 
arrangements, and I think 1 may venture to say that Smitt’s Generic 
combination embraces all, or nearly all, tho structural features that may 
be found in tho study of this peculiar sub-order of the Polyzoa. It may 
bo, however, quite possible to give simplicity of arrangement too wide a 
scope. (See Hincks and Busk on the Oyclostomata). 

Dr. August Goldfuss, ‘ Petrefaota Germanise,’ 1826. 

The ‘‘ Zoophytorum Reliquim ’ of Goldfuss were classed under forty-five 
g^n$ra, and the genera E^ceaea, OmiroBA, RETEroBA, and Oeriopoba— 
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all iliaii coneci’ns xis in tlio prcsonfc Report—ax*e placed after tlio nnmberif? 
14,15, 10, and 20 in his cosmopolite list. It is useless to reproduce the 
dotinitions of these genera as given by (loldfnss, for the very nimple 
reason that these lunues now ns(id are much moi'o rostrictod, and, coin- 
paratively speaking, have a different meaning. With regard io ilu‘ use 
of the generic naitio (7er/o/vom, I may say that authors difTer in opinion 
as to the necessity of its ihrthor retention. Gcnierally speaking 1 agree 
with those who desire the suppression of the word ; still, tlun^e are some 
forms given by llagenow, which will bo refciTod to further on, that may 
conveniently retain th(i name, but the genus CvunoroiiA, Goldfu as, embraces 
many typical forms that have been handed over to at least five distinct 
genera. The Cretaceous IIetki*oiia of Goldfusa, and also tlio CEULi-U’OriA 
and Eschatia, arc also placed in hostile relationship, which will be more 
apparent when 1 review the labours of llagenow. I cannot attempt any 
suggestive arraugoment of Goldfnss’.s genera and species, because by so 
doing I should anticipate work that will bo done further on. I merely 
take the lists given by him as found in tho Macstricht beds, and the 
Cretaceous rocks of Essen. 

CiiriUiOSTOMATA, Busk. 

Genus Escuaua, Iiamarck. 

Type E. foiuacea, Lamarck. LisiujAiaA FoiUAcr.A, liiiuiks. 


‘ Neai'ly stony, and not flexible, with depressed lamellary fiugihi c.\pan- 
sioris, extremely porous interiorly, cnti?*e or divided; cells of the polypi 
arranged in fives on both sides.’ ^ 


1. 

EsCUAIU GYCIiORTOJJA, i 
Maestriclit. 

Goldfnss, 

* Petrofac, 

; Tab. VIIL, fig. 



Bscitaka rVUIFORMlS, 
Maestriclit. 

if 

v 

3> 

10, 

o 
♦ >. 

ESCIIARA STIUMATOrnnUA, 
Maestriclit. 

» »j 

ii 

JJ IS 

11, 

4. 

Es(ar A ii V sM K a n< ai la r is, 
Maestricht. 

if 

a 

a a 

12, 


EscifAin canckllata, 
Maesiri<dit. 


a 

fi n 

];?, 

C. 

EsCirAHA AKACUNmUKA, 
Waesi,ri<?ht. 

» 

i) 

if a 

14. 

7. 

Esc.UAin uKjinmJMA, 
MafHiritjhi. 

1i 

if 

IS *1 

in, 

S. 

EsCHABA STIUATA, 

Maestricht. 

ii 

5> 

if 

1(5, 

0, 

EsoriARA FILOOBANA, 

Maestricht. 

a 

it 

a it 

37, 

10. 

Eschara mSTIOHA, 
Maestricht. 

if 

if 

a n 

Iff, 

11. 

ESCHABA BUBSTRtATA, Munsfc., 

Tert. Merg. Astnipp. 

9) 

Tab.XXXVL „ 

!>. 

12. 

Bschaiu cbllupoeacea, 
Tert. Morg. Astrupp. 

Munst., 

fi 

if n 

10, 


Brown's Towt-Boak, p, ed. 1833. 
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Genus CKJiUa’OUA, Linn, 

=: Gdlejiora aiid T>tscofora^ Lamk. 

Ulmtjpom, Lamarck, is now only a synonym of* Memhrani])ora, Blain- 
ville. 


1, OisLLErouA ORNATA, Goldfuss; ‘ Petrcfac.’ Tab. IX. fig. 1, 

Maestriebt. 


2. 

Cellepoea Hippogeepis, 
Maestricht. 


33 

53 33 

3, 

3. 

Cellepoea Velamen, 
Maestricht. 

3? 

13 

33 3 5 

4, 

4. 

Cellepoea bentata, 
Maestricht. 

33 

S3 

3 3 33 

5, 

5. 

Cellepoea c r ustbi.enta, 
Maestricht. 

33 

33 

33 S3 

6, 

0. 

Cellepoea bipunctata, 
Maestricht. 

33 

33 

33 33 


7. 

Cellepoea EscuAEorBES, 
Cret. Bocks, Essen. 

33 

33 

Tab. XII. „ 

3, 

8. 

Cellepoea brceolaris, 
Tert. Merg. Astrupp. 

33 

33 

Tab. IX. „ 

*“> 

i). 

Cellepoea annulata, Milust., 

Tert. Merg, Astrup}>. 

33 

Tab. XXXVI. „ 

11, 

10. 

Cellepoea trlstoma, Goldfuss, 

33 

33 33 

12, 


Tei*t. Merg. Astrupp. 


Cyclostomata, Bask. 


1. Cekiopora MiCRoroiiA, Goldfuss, ‘Petrefac.* Tab. X. fig. 4, 

Maestricht, Essen. 

2. Ceriopora cryptopora, 5, (Hetcropora); ‘Petrefac/ Tab. X. 

fig. 3, Maestricht. 

3. CfiRlOrOIiA AKOMATOPORA, „ „ „ „ 


fig. S, Maestricht. 

4 OERtOPORA niCllOTOMA, „ „ 

fig. 9, Maostrichf-. 

5. Oeriopoba YEBTioiLLATA, „ (Eutalophopa); 

fig. 1, Maestricht. 

6. Ceriopoea pustulosa, „ „ 

fig, 3, Maestricht. 

7. Ceriopoea GEAcmts, „ „ 

fig. 11, Maestricht, Essen. 

8. CERlOPOIiA MILLEPOEACEA, GoldfuSS, 

fig. 10, Maestricht, Astrupp. 

9. Ceetoi'Oea mabeeporacea, Goldfuss, 

fig. 12, Maestricht. 

10. Oeiuopoba tubipoeacka, „ 
fig. IfS, Maastricht* 

11* Oeeiopoea coMxnmssA, Goldfuss (Diastopora), 
fig. 4, Maastricht. 

12. Oeeiopoea nrsciFORM IS, „ „ 

Tab, XXXVII. fig. 4, Maastricht, Astrupp* 

1881s 


33 

83 

33 

Tab. XI. 

33 

93 

33 

Tab. X. 

33 

Tab. X. 

53 

Tab. XI, 

33 

n 






P9 
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13, Cekiopoka .spikalis, fig. 2, Macstrlclii, 

14, CEriJoropA vAiuABTbis, Munst. 

Tab. XXXVIL fig, C, Maestrichfc, Astnipp. 

15 , Cl'lRlOPOKA VENOHA, GoldfuEH, 

Tab. XXX r. iig. 2, Maesfcriclit, 

« Ceiuopoka venosa, (loldfiRss, 
fig, 7, Maestricht, 

10. Ceimopura poLVMOin>irA» „ 

Tab. XXX. fig. 11, 

17 . Ckriopoiu spongites. „ 

fig, 14, Maosfcricht, Essen. 

18 . Cetuopora stellata, Golclfuss, 

Tab. XXXI. fig. 1, Essen. 

10 . Ci'iRioroRA Diapeata, Ooldfuss, 

Tab. XXXIX, fig. 12, Essen. 

— Tab. XXXYIT, fig. 3. „ 

20. Ckkiopora Airnu, Goldfnss, 

Tab. XXX. fig. 13. 

21, CEErOPOllA ClilBUOSA. „ 

fig. 16. 


retrcfac/ Tab. XI. 

n 


JT 


Tab. 




Tub. X. 




Tub, X, 


1. Retepok-a CLATHKATA, Goldf. (Idmoiica) 

fig. 12, Maost)‘ieht. 

2. ReTEPOPA TiigiTENOmEH, „ „ 

fig. 13, Macstriclit. 

3. RetEPORA TIUJNCATA, „ „ 

fig. 14, Maastricht. 

4. ReTE1>0RA B18TICHA, „ „ 

fig. 15, Macstricht. 

5. ReTEPOUA CANOEEhATA, „ „ 

Tab, XXXVL fig. 17, Macstricht, 


„ Tab. IX\ 


t'* n 


11 




»» 


* Maestrichfe Beds/ Ilagcuow*, 

The most systemaiio work that has yet been publtshcHl on the (ir<v 
tacoous Bryossoa (or PolyKoa) is that of Vrodorick V. llagonow'---** Dir* 
Bryosseen der Mitaiiuchier Kroidoblldung,* .12 pktes, 1851, 1 u ihin mono* 
graph the writer figures and describes about 20(1 of 

many of which are now, others are ro-closcribed, fmm Uohifiifrf'ohielly; 
and, as Hagenowhad aocoss to the original spceiinenH of'GoldfuHS,* I 
think we may pretty safely rely upon his judgmcni. in tint redistribution 
of typos. The classification of the author is v(?ry Himplo. hW a fiortioti 
of th^ Cyclostomata, Busk, flagenow’ adopted the (livision A, Ti:ih;m- 
rOBm, Miln©*Bdwards; for another portion he adoptcti Hronn’s division 
B, Oeeiopoeina. His division 0, Salpingina ombnu‘t‘H only two dcmbtful 

f enera— JE$ohanies^ R|6m., and Imersana, Hag,—wliieh humoHonse miiv 
© oonsidored as passage forms; still it is very doubt I'ul whether some of 
the Salpinoiea do not belong rather to the Cyot-osTOAiATA than to the 
CraiLOSTOHATA. Tho group D, XJrceolata, Hag., arc? CheiloBtomatous. 
Except that I shall begin with the latter groups—0 and D—first, I shall 
not otherwise disturb the arrangement of the auilior; but I have not 
thought it necessary to load my text with reference to all the plates, 
especially as the species arc numbered. 
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iSab-ovder Cheilostomata, Bask. 

D. UiWEOLATA, Hagenow. 

Pohjidariii mnmhniuaecii, Bloinvillc; Thallopodia, Ehrenburg. 

Vinealaria, Def. = Qlaimwnie, (pars) Goldf. 

1. V. ABEOLA'i'A, JIagenow, Tab. VI. fig. 12. 

2. V. BELLA 13. 

3. V. CANALll'EBA „ „ „ 14. ■ 

4. V. I'ROCEBA „ „ „ 15. 

5. V. Goldfussii „ (Oellaria). 

Esouara, Lamarck. 

A. TuUNCATAi. B. ilAMOSJE. 

a. Interminat(K .—In tliis division tbe colls arc not bounded by distinct 
walls, and so far as I have boon able to study species of tlio division it is 
certain that in tlio grouping there are a number of variations of cell 
character that would amply repay the special labour that could be 
bestowed upon them. I'his can be done, however, only by those who 
have access to mat erial from the Maestricht beds. My own knowledge is 
derived from the Eaxoo Limestone species, which are nearly akin to those 
of Hagenow. 

Ksciiaka, Larak. 

1. E. rUSILLA, H. 11. E. FOVEOLATA, H. 

2. E. QDINQlJEI’l'NO'I'ATA, H. 12. E. PeYSSOUBLLI, H. 

3. B, VARIABILIS, 11. 13. B. SK.MrSTELIiATA, H. 

4. E. aONiosTOJiA, H. 14. E. Desswaresti, H. 

5. 1. VICINALIS, H. 15. B. I'OLYSTOMA, H. 

C. B. conoNATA, H. ' 16. B. Pkroni, H. 

7. E. Kleini, 11. I 17. B. Deekakoia, H. 

8. B. JusBiKin, H. 18. E. Boevama, H. 

9. B. Rondeleti, H. 19. B. Aiichiaui, H. 

10. B. I’rLOOUAEA, Goldf. 20. E, Veuseuili, H. 

/3. TerminaicB .—In this division the colls aro bounded by distinct 
walls—a rather unnatural grouping, and, like the others, many typos of 
genera are mingled together. 

21. E. STHIATA, Goldf. 

22. E. KltOMBEA, H. 

23. E. Savignyaea, H. 

24. E. SClNDELA’fA, H. 

26. E. icHiroinBA, H. 

20. B. Bow.aedsiaiia, H. 

27. E. AEACHSOIDEA, Goldf. 

28. E. CANOELLATA, H. 

29. B. CuviEiu, H. 

80. E. Lestjeuei, H. 

31. B. MuLiiEEt, H. 

82. B. MICROSTOMA, H. 

33. B. Lamoueouxii, H. 

34. E. stiomatophora, Goldf 
85. E. Lamaecki, B,. 

M 2 


30, B. Aiidouini, H, 

87. B. Fk'RIEOBMIS, Goldf. 

38. M. CYCLOSTOMA, „ 

39. E. DiroHCTATA sp. Goldf. 

=» OeUepora ibid., Goldf. = 

Membranipora ibid., Blainv. 
sss Piscopora ibid.. Lamb. = 
Margimria ibid., Bom. 

40. B. NANA, H. 

41. B. Ellisi, H. 

42. E. SOLANDUI, H. 

43. B, mtrita, H. 

44. E. LBHDA, H. 

46. B. Hysti, H. 

46. E. DXCHOTOMA. Goldf, 
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47. E. Blmnyillei, H. 

48. E, PAPYItACBA, H. 

49. E. PEOPINQUA, H. 

50. E. SEXAl^GULARIS, Goldf. 


51. E. Espeei, H. 

52. E. Quoziana, Bosquet in liti. 

53. E.GAtJNAEDi,Bosquotinlitt. 

54. E. PAYOXiA, li. 


Genus Siphonella, Hag. 

There are only three species described by the author; they arc delicate 
and beautiful forms, and I haYe similar, if not identical species from 
Eaxoe, Denmark. 

1. S. CTLiNOEiCA, H., Tab. yi. fig. 5. 

2. S. SUBCOMPRESS A, H. „ 6. 

3. S. ELEGAXS, H. „ 7. 


Genus Oellepoba (Goldf.), Hag. 


With this group many diverse forms are placed, some of which have 
been redistributed by authors, and many others will liave to be. Hageno w 
himself seems to have been puzzled as to how a natural division could be 
arranged, and failing this he gave the following synonymy of the 


genus:— 

1. Cellepora, Eabr., Lamk., 

1816. 

2. OelIiEpobaeia, Lamx., 1821. 

3. Biastopoea, „ 1821. 

s= Bosacilla, Eom. 1841. 

4. Beeexicea, Lamx. 1821. 

5. Escharoides, M.-Ed. 1836. 

6. Eschaeixa, „ 1836. 

7. Discopora, Lamk. (non 

Roemer) 1816. 

8. Discopora, Eoemer 1841. 

9. MaeginapvIa, „ 1841. 

10. Membraxipora, Blainv. 1834. 

11. Celiulipora, D’Orb. 1850. 

1. 0. SUBIXTLATA, H. 

2. 0. (Escharoides) pusilla, „ 

3. 0. „ PINGUIS, „ 

4. C. (Escharina) Lessoxi „ 

5. C. „ CORNUTA, „ 

6. C. „ PLICATEBLA, „ 

7. 0. „ ELEGAXTULA, „ 

8. C.* ,, Broxgniarti, „ 

9. 0. (Discop.) HIPPOCREPIS, 

Goldf. 

10. C. (Disoop.) SUBGRAXULATA, H. 

11. C. „ Mohli, „ 

12. 0. „ BIBEXS, „ 

18* C. ' „ RIKGENS, „ 


14. 0. 

15. 0. 

16. C. 

17. 0. 

18. C. 

19. C. 

20. C. 

21. C. 

22. C. 

23. C. 

24. 0. 

25. C. 

26. G. 

27. C. 


28. C. 


29. 0. 

30. C. 

31. 0. 

32. 0. 

33. C. 


(Discop.) 

IRREGULARIS, H. 


BBPRESSA, „ 

>» 

OWENI, „ 

(Margin.) 

Granti, „ 

n 

Duchastkli, „ 


yaginata, H. „ 

»> 

OBONTOPnORA, „ 

>» 

Deshayesi, „ 


Konixckxana, „ 


CAMERATA, „ 

(Discop.) 

SUBPIEIEORMIS, „ 

»> 

SIGXATA, „ 

Pallasiana, „ 

(Margin.) 


YELAMEN, 

Goldf. = 

Discopora ibid. 
= Marginafia ib., 

M.-Edw. ^ 
Rom. 

(Margin^ 

‘--’*''*'^STULENTA, 

GoldPL 

Dsohara ibid. 

Blainv. =: 
M.-Edw. 

Discopora ibid* 


(Dermatop.) MONiiitFERA, H* 
» mA, „ 

„ ORKATA, Goldf. 

„ Eanjasi, . H, 

,, DENTATA, „ 

G. ibid. Goldf. = Merribrani-^ 
pora ibid., Blainv. = Di$^ 
coporcb ibid., M.-Edw. 


Genus Stictiopoea, Hag. 
SriCTiopoRA CBTPEATA, Hag., Tab. XIT. fig, 14, 
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Genus Luntjlites, Lanik, 

a. CONCENTRiaE. 

1. L. Hagenowi, Bosqaefc inlitt. Tab. XII. fig. IG. 

/3. Irregulares, Hag. 

2. L. GoLDFUSsn, Hag. Tab. XII. fig. 15 = L. ibid., Hag. (op. clt. p. 

287, Tab. V. p. 10) = L. ibid., Eom. (‘ Kr. Geb.’ p. 15, 1841) = 
L. ibid., ‘ Griin.’ p. 624,1846). 

Genus Cymbalopora, Hag. . « 

0. radiata, Hag., Tab. XII., fig, 18. 

The Cjelophyma, Rss., of Hagenow, appear to bo ovicells (?) of 
this species. 

C. LjEVis, Hag., Tab. II. fig. 15, on Tmiicihilina rejpens, 

0. constricta, Hag., Tab. II. fig. 16, on Idmonea tetmsUclia* 

0. GRANuriATUM, Hag., Tab. 11. fig. 16, on „ lichenoides. 

Passage Forms. 

C. Salpingina, H. 

Escharites, Rom. 

1, E. niSTANS, H., Tab. I. figs. 16 and 17. 

2. E. GRACILIS, sp. Goldf. = Oeriopora ibid., Goldf. = Alveolites ibid., 

Blainv. = Meliceritites ibid., Rom. 

Inyersaria, H. 

1. I. TRIGONOPORA, H., Tab, YI. fig. 8. ^ 

2. I. TUBiPOEACEA, Goldf. = Ceriopont ibid., Goldf. = Alveolites ibid., 

Blainv., Lamk. 

3. I. MiLLEPORAOEA, Goldf. sp. = GeHopora ibid., Goldf. = Alveolites, 

Blainv., Lamk. 

II. Cyclostomata, Busk—Hincks, Waters. 

As I have already described the Cyclostomata in a former division of 
this Report, there will be no necessity for enlarging upon them hero. 
Below are the whole of Hagenow’s species:— 

A. Tubuliporina, M.-Edw. 

Tubulipora, Lamk, Entalophora, Lamx., 

„ PARASITICA, H. „ DISCIFORMIS, H. 

Diastopora, M..Edw. 

PusTTJUPORA, De Blainv. 

1. P. TUBULOSA, H. 

2. P, viRGULA, B-.^Oeriopora ibid., H, 

3. P. KANA, H. 

4. P. EXJSTICA, H. 

5. P, Benebeniana, H. 

6. P. PUSTULOSA, Goldf. =s= Oeriopora ibid., Goldf. «= Fustulipora ibid. 

Blainv. = FmtvXipora ibid., Lamk. = Pusi'ulipora^ Goldfusd, 
’Bidm.vszFustnlipora pmtulosa, Miohelin. 
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7. P. MA3>p:poFwACEA, sp. Go \ M .- s=:^OericypoTa ibid., Groldit '^ FusMipom ' 
ibid., Blamv.=P^45^i^2^jp(w•a ibid., Lamk.=:PM5ifwZ‘ij?om ibid., 
Brown=Ptf.sZi^Z4pom ibid., Beuss. 

8* P. VAEIABILIS, H. 

9. P. DTJBIA, H. 

10. P. GEMINATA, H. 

Oeicopora, BIainv.(=:i^zVopom, Lamx,). 

1. C. VERTiGiLLATA, Gr. = Omopom ibid., Goldit^rjPustulipora ibid,, 

Blainv., M.-Edw., B6m,5=(??)C'ric£>^om ibid., Midi. 

2, G. Betissi, H.=Omopom annulaia ^ rico^ora anmilata ^ Beuss. 

Ctetopoea, Hagenow. 

„ ELEGAJ7S, H. 

Teeeblllaria, Lamx. 

„ SPIRALIS sp., Gold. 

Hoeneea, Lamx. 

9» TUnULIPERA, H. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

IS. 

14. 

15. 


L 

2. 


Idmonea, Lamx. 

I. MAGULATA, H. 

I. CLATHRATA, Goldf.sp. 

I. VERRICULATA, 'B.,^Uetepora clatliraia, Gold., in pai'fc, pi, ix., fig. IS 
0 and a. j. ^ jt ? o 

I. LICHENOIDES sp., Goldf.=Pe^epora ibid., Gold.; Lamk. pi. ix.. 
fig. 13 a and 5. ^ x > 

I cawemata ^■p., Gom.^neiepora. ibid,, Gold., Latnk. pi. xsxvi., 
fig. 19 l.=^Idmon,ea ibid., Eeuas. 

I. MACILENTA, H. 

I. disticha sp., Goldf.=Ee«epora, ibid., Goldf., Lamx., Blaiuv.= 
.Hete^ora ibid., Mioh., Eenss., pi. ix., fig. 15 e and d. 

distioha., Goldf. in part, pi. ix., fig. 15 

T Goldf. in part, pi. is., fig. 15 7 and L 

I. GEOMETEICA, H. r > r > t, J «• 

I. SDLOATA, H. 

L gibbosa’h part,pi.ix., fig. I 5 e and/. 

L hT"^' P^- «•. %• 12 c and/. 

T. mix, H. Tebsoatola, Hagenoir. 

GoWf. = Ee«^oj-«ibid., 

T.ebpbSh!" 


B. 

FiTNGEinA, Hagenow. 
E P, BEOllFBEA, H. 

2. E. PHCATA, H, 

S. P. Dbjaedini, H. 


Ceeiopoeina, Bronn. 

Lophoiepis, Biigenow, 

1. L. EADIANS, H. 

2. L. ALTEEHWS, H. . 

3. L. lEBEQOTAEIS, H, 
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Defraxcta, Bronn (a), -wiili smooth interspaces. 

1. D. DISTICJIA, H. 3, D. COCIILOIDFA, H. 

2. D. Michelini, H. 

/3, with porous interspaces. 

4. D. PiADF.i\iA,sp.Goldf.=6^mo- C. D. cariosa, H. 

jpoTif’ ibid., Qoldf. 7. D. sellula, H, 

5. D. RETICULATA, H. 

SxELLirora, Hagenow. 

S. Bosquet i ANA, H. 

Plethopora, Hagenow. 

1. P. VERRUCOSA, PI. 3. P. TRUNCATA, H. 

2. P. rSEUDO-TORQTJAT’A, H. 

Heterupora, De Blainv. 

1. H. CRASSA, H.=(7cnojpo?*a anomalopora, Goldf.=C'.GoldL 

= (?) 0. cTyptopom^ Goldf. 

2. H. DiCHOTOMA, sp., Gold£.=Cmopom ibid,, Goldf,■= If. ibid., Blainv., 

Lamk. 

3. H. UNUULATA, H. 

4. H. TENERA, H,t=Gmopoj‘C6 cTijptopom^ Goldf. 

-5. EL Dumontt, H. 

PTeuropoea, Bronn, 

K CRETAGEA. 

Ditaxia, Hagenow. 

1, D. akomaloj>ora, sp. Goldf.=Geno^om ibid., Goldf. 

ibid., Blainv., Lamk. 

2. D, compressa sp., Goldf.=(7empom ibid., Goldf., Blainv. 

Ceriopora, Goldf, 

1. 0. ScnWETGGERT, H. 5. 0. THELOIUEA, BT. 

2. C, POLYXAXis, H. 6. 0. ORYPTOPOi^A, Goldf.a=ife^era- 

3. C. cavernosa, H. pom ibid., Blainv, 

4. 0. MIOROPOHA, Goldf. 7. 0. SESSIWS, H. 

Cavarta, Hagenow. 

1. 0. RAMOSA, H. I 3. C. micropora, H. 

2. C. PUSTCLOSA, H. I 

OtELOoooHLEA, Hageuow. 

C. TORQUATA, H, , ' 

• Cretaceous Polyzoa, Iforth America,’ Lonsdale; and Messrs. 

Gabb & Horn. 

I have not been able to get access to the various works of Dr. S. G. 
Morton on the ‘ Cretaceous Rocks of Kew Jersey,’ published at dif¬ 
ferent dates, from 1834 to 1842, in American scientific journals. The 
quotations and references in the following lists are from Lonsdale’s papers 
in the * Quart. Jour. Geol. Soc.’ vol. i., and from Messrs. Gabb & Horn’s 
* Mono. Foss. Pol. of tbe Sec. and Tert. Formation of Horth America ^ 
Journ. Acad. Hat. Sci. PhiL’ vol. v. 2nd sor. pp. 111-179, 3 plates, 1862). 
Dr. Morton’s ‘ Synopsis, Organic Rem. Cret. Group N* A.’ was published 
in 1834 
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Glieilostomaia. 

PoLYZOA. (Polyparia, Lonsd.) from Timber Creek, ITew Jersey, N. America. 

1. Cellepoea tubxtlata, Lonsd., ‘ Quart. .Jour. Geol. Soc.’ vol. i. 

—Cretaceous. 

2. Eschaeina ? SAGENA, Lonsd. = Meinbranijporella miida^ Jolinst., 

Flustra^ ibid., Morton, ‘Quart. Jour. GeoJ. Soc.’ vol. i.— 
Cretaceous. 

8. Eschara digitata, Morton ? = Bscliam cUcliotoma, Goldf. ‘ Quart. 
Jour. Geol. Soc.’ vol. i.—Cretaceous. 

Cyclostomata. 

4. TubulipoPvA megeea, Lonsd. ‘Quart. Jour. Geol. Soc.' vol. i. 

—Cretaceous. 

5. Idmonea coxtoetilis, Lonsd. See ante, Hornera ibid. = ^ Quaint. 

Jour. Geol. Soo.’—Cretaceous. 

To this list of five species Messrs. Gabb & Horn add the following 
additional thirty-five also from American Cretaceous rocks. 

Oheilostomata. 

Cellepoba, Eabr. 1780 (non Lamk. 1801). 

6. 0. PEOLiPiCA, G. & H. = 0. Ulahiata, G. & H.—Cretaceous, 

Timber Creek, J. 

7. 0. PUSUELA, „ „ 

Timber Creek, If. J. 

8. 0. EXSEETA, „ „ 

Mallica Hill. 

9. C. Jaxewayi, „ „ 

‘ 7 miles below Yara, Miss.' 

Reptocelleporaeia, D'Orb. 1851. 

10. R. ASPEEA, Gabb & Horn.—Cretaceous, Timber Creek and Mallica 

Hill. 

11. Esgharipoea ttpica, Gabb & H. = Cellepora ibid., G. & H. 

—Cretaceous, Timber Creek, H. J. 

12. E. nisTANS, Gabb & H., Cret. 

Timber Greek, H. J. 

13. E. noiEESA, Gabb & H., „ 

Timber Creek, If. J. 

14. E. Abboptii, Gabb & H., ,, 

MalHca Hill. 

15. Repteschaetpoea marginata, Gabb & H., „ 

Mallica Hill 

16. Escharixella mbralis, Gabb & H., 

Mallica Hill. 

17. Reppeschaeellixa prolifeea, Gabb & H., „ 

MalUca HOI. 

, Pliophma, Gabb & Horn. 

j> SAGENA, G. <fe H. = Memhramporella nitida^ Johnsi* 
(ante) = Fhstra sagena, Mort.; Bseharina ibid., Lonsd. 
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10. Biflustra torta, Gabb & H. = Memlraniyora ?, Cret, 
Timber Creelc and Mallica Hill. 

20. B. DisjPNCTA, Gabb & H. „ „ 

Timber Creek. 

21. Membranipoba abortiya, Gabb & Horn, „ 

Timber Creek. 

22. M. PEIUMPLA, „ „ 

Mallica Hill. 

23. M. PLEBEIA, „ „ 

Mallica Hill. 

24. Pyripora irregularis, „ „ 

Timber Creek. 

25. ? Reptoflustrella iiETEROPOiiA, Gabb & Horn, „ 

Mallica Hill. 

Gyclodomata. 


20. Retelea ovalts, Gabb & H., Cret. 

Mallica Hill. 

27. PiLiFASGiGERA Megjera, D’Orb. = TiihuUpora ibid,, Lonsdale, „ 

Timber Creek. 

28. Fascipora AMERICANA, Gabb & H., „ 

Timber Creek. 

29. Spiropora calamus, „ == Entalopbora, „ 

Timber Creek. 

SO. Entalophora quadrangular is, Gabb & H., „ 

Mallica Hill. 

31. Entalophora Conradh, „ 

Mallica Hill. 

32. Idmonea contorttlis, Lons. == Someria ibid.—see ante, 

Timber Creek and Mallica Hill. 

33. Djastopora lineata, Gabb & H., ‘approaclies D.regularis^D'Ovb/ 

Cret., Timber Creek, N. J. 

S4. Stomatopora regularis, Gabb & H., Cx^ek 

Timber Creek, H. J. 

35. Reticulipora sagena, „ „ 

Timber Cx’eek, N. J. 

30. Reticulipora diohotoi^l^., „ „ 

Timber Creek, H. J, 

37. Biobisina Abbotti, „ = Iloteroenna ibid., G. & H, „ 

Timber Creek, H. J. 

88. Reptomultioava cepularis, „ = Idmonea ibid., „ „ 

Timber Creek, H. J. 

30. Orescis labtata, „ 

Timber Ci’eek, N". J. 

40. Multicrescjs ? i>aryicella „ A doubtful form, „ 

Mallica Hill. 


I have tkougbt it best not to suppress a single form that Messrs. Gabb 
and Horn baye catalogued. I have in my cabinet at least sixteen—pro¬ 
bably nineteen—of tbe so-called species Irom Timber Creek, Hew Jersey^ 
and I find that that number at least may be allowed to stand ; but otcu 
the specific names of some of these may very safely be reduced to 
synonyms. In comparing tlxem with European species I cannot detect- 
any material difierence between the American forms and those described 
by Goldfuss and Hagenow. 
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‘ CretaceoRS Bryozoa of Bolieiiiia/ Ottomai' Novak (sec BibliograpLy). 

This 'work I have not been able even to look at, and I am indebted to 
the ‘ Geological Becord ’ for 1878 for the information given below. Iii 
the work, Novak describes forty-five species, thirty-throe of which boar 
new names; and in a table he gives their range in (5) Cenomanian, 
(4) Tnronian, and (6) Senonian times, which according to Lyall (‘ Ele¬ 
ments/ p. 266), are representatives of our (5) Upper Greensand and 
(4) Chalk Marl, in part. The list is therefore valuable for the purpose 
of establishing links between species of Polyzoa from Continental, British 
and American areas, I should like to possess a copy of the woidc, if any 
of my friends have one for sale. I give the list as in the Becord, separating 
only the Cheilostomata from the Cyclostomata. 


I. Snborder GheHostomata^ Busk. 

1. Hippothoa LABtATA, Novak. 

2. „ UESIDBRATA, „ 

3. Membranipoea curta, „ 

4. „ PERISPAESA, Noviik. 

5. „ SCP.OVATA, „ 

6. „ TUBEROSA, „ 

7. Lepealia euglypha, Noviik. 

8. Biflustra Peazaki, „ 

9. „ SOLEA, „ 

10. SeMIESCHARA PERES, „ 

11. Meligeetites doceks, Noviik, ? Cheilostomata, 


II. Suborder Gydostomafa, Busk. 

1. Berenicea FOLirM, Novak. 

2. „ LACEDIOPOEA, Novak. 

3. „ piLOSA, Noviik. 

4. „ RABIAJJS, „ 

5. Diastopoea AcupujfCTATA, Noviik. 

6 . StOMATOPOEA SDIPLICISSISIl, „ 

7. PROBOSCRifA BOHEMIGA, „ 

8. „ niiMEKS, 

9. „ LrsfauAPA, 

10. ,, INTEEMEBIA, 

11. „ Sl'ESSI, 

12. Entalophora anomalissbia, NoviLk, 

13. „ FFX‘UNDA, „ 

14. „ Kolinensis, „ 

15. MuLTEBEA OEPHAA^tJS, „ 
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OscuMPOEA Novak (? New Gen.). 

16. „ PLEBEU, Novak. 

17. Tetocatela TEsrtris, „ 

18. Heteeopoea POEAMiinitEiiiTA, NovakI 

19- ,) Koetca-nensis, „ 

20. „ lEPIDA, „ 

21. ' „ MAGKIPICA, „ 

22. Petaeopoea sbeiata, „ 
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This is the whole of the lists of Cretaceous Polyzoa that I have been 
able to obtain. There are several species described by D’Orbigny and by 
other authors, but their works w’ere not accessible to mo. It is to bo 
hoped that in the monograph of Cretaceous Polyzoa promised to the 
Pala^ontographical Society by Mr. Busk, that the whole of the Polyzoa of 
various horizons will be fully examined. In my fourth British Association 
Beport I gave a fair digest of what is known of British species. 


‘ Part III.—Tertiary Polyzoa, North America,’ Lonsdale. 

In the first volume of the ‘ Quart. Jour, of the Geological Soc.,’ Mr. 
William Lonsdale described twenty-six species of ‘ Polyparia ’ from the 
‘ Bocene Tertiary ’ of North America. Nine species are Anthozoa, seven¬ 
teen Polyzoa (six Cyclostomata, eleven Cheilostomata). In the same 
Journal he described ten species from the ‘ Miocene Tertiary ’ formation of 
N.A., three of which are Anthozoa, seven Polyzoa (only one of these 
a Cyclostoma). As the monograph of Messrs. Gabb & Horn is a latei" 
publication, many of the species of Lonsdale are rearranged or reduced to 
synonyms. 

1. ^Eocene Polyzoa,’ Lonsdale ‘ Quart. Jour. Geol. Soc.,* vol. i. 

2. ‘ Miocene Polyzoa,’ Lonsdale ‘ Quart. Jour. Geol. Soc.,’ voL i. 

1. Esohabina ttjmidula, Lons.— Loc, Petersburg. 

2. Lunulxtes denticulata, Conrad, ‘Sillimaii Journ.,’ Oct. 1841 

(vol. iv.)— Log, Williamsburg. 

3. Cellepora informata, Lons.— Loc, Petersburg, Virginia. 

4. ,, TJMBILICATA, Lons.— Loc, Petersburg. 

o. „ qradranghlaris, Lons.— Logs, Williamsburg, Evergreen* 

6. „ siMiLis, Lons.— Loc, Williamsburg. 

7. Heteropora ? TORTiLis, Lous.— Loc, Williamsburg, Petersburg. 

Gyclostomata. 

1. Tubulipora pkobosoidea ?— Loc, Bock’s Bridge, 

2. „ —one imperfect specimen.—Eutaw. 

3. Imonea maxiltaris, Lons.— Loc, Wantoot, S. CaroUn^. Viewed in 

front, this coral resembled a Milstricht fossil^ considered by 
Goldf. as a young condition of Idmonea gradata Pei Cor.’ p. 
244. ^ Betepora disticha,’ p. 29), but it difiers essentially from 
mature specimens of that species. 

4. I. COMMISCENS, Lons.— Loc, Bock’s Bridge. In the triangular form 

of the branches, this fossil i^esembled the Tertiary species of De 
Prance or Mil.-Edw. under the names of Idmonea gradata and J. 
coro7iO]7us (‘De P., Atlas des Sc. Nat.’ pi 46, f. 5. M.-Edw. 
‘ Bech. Polyp. M4m. sur Ics Cris.’ pp. 24, 23.) 

5. Ibmonea sp.— Loc, Bock’s Bridge. 

6. Liohenopora sp.—L oc, Eutaw. 

Olieilostomata 

1. Parcimia sp,—L oc. Bock’s Bridge, Eutaw, in S. Carolina. 

2. Vincxjlaria sp.— Loo, Bock’s Bridge. 

3. Hippothoa TUBERotJLUM, Lous.— Loc, Bock’s Bridge* / 

4. Esohara tubulata, Lons.'— Loc, Wilmington* 

5* PETiOLUS, Lons.*^Loc. Eutaw* 
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6. Esghara incumbens, Lons.— Loc, Rock’s Bridge. 

7. „ LiNEA, Lous.— Log. Eutaw. 

8. „ VIMIITEA, Lons.— Log. Butaw. 

9. Lunulites sexangula, Lons.-—L oc. Wilmington. 

10. „ DiSTANS, Lons. — Log. Wilmington — Wan toot ? This 

resembles L. mrliata and L. urceolata^ Goldf. (Pet. 12 f. 0, 7). 

11, L. COXTIGTJA, Lons.— Log. Wilmington. 

‘Korth American Tertiary Species, described by Messrs. Gabb & Horn.* 

I have already given selections from this monograph when dealing 
with Cretaceous Polyzoa, and now that I have to give the list of Tertiary 
fossils, I am confronted by a difficulty as to the horizon of the species. 
The authors speak of ‘ Miocene * and ‘ Pliocene/ but in two foot-notes, one 
especially below Oellepora formosa^ I find the following: * In regard to 
the use of the terms Pliocene ” and “Miocene ” in this country, it will 
probably be found on more careful examination that there is no real 
division existing between the two so-called formations / and at the end of 
the monograph is the following; ‘ Since the writing of this monograph, 
Mr. W. M. Gahb has been called to the post of Palasontologist to the State 
of California. In regard to the Santa Barbara and the San Pechs deposit 
he writes, they are amongst the most recent deposits, almost all the 
species being still extant. Instead of Post-Miocene, they should be called 
Post-Pliocene.’ 

In their identifications of species, the authors give many synonyms 
from D’Orb. and Lonsdale, but when Prof. Smitt wrote his ‘Floridan 
Eryozoa,’ he could only identify about three species as belonging to 
recent Polyzoa; these are given in the text. I wish, however, to direct 
the attention of students towards the Fossil Polyzoa of Horth America, 
Cretaceous and Tertiary, for from what I have been able to judge of 
species sent to me I feel confident that a rich harvest of forms has yet 
to be described from many localities; and it is to be hoped that future 
students will direct moi'c special attention than has yet been given to the 
purely structural features so ably formulated by both Hincks and 
Waters, full details of which will be found iu the former part of this 
report. In this monograph also I have adhered to the text and an^ange*- 
inent of the authors. As a piece of palceontological woik I cannot speak 
very highly of this monograph. The creation of new names—both of 
genera and species—is much to he i*egretted. However, I have done as 
full justice to the work as was possible under these circumstances* 


Family EsCHABiDiB, D’Orb, 1851, 
Order 1 . Ceblulata, non Operculata, 


Sub-Family Escharim. 
Eschara, Lamk. 1801. 


E. TUBULATA, Lonsd. (see ante)^ Eocene, 
Horth. 


Wilmington, Carolina, 


2, E. petioles, Lonsd. (see ante), 
S. E. INCUMBERS, „ „ 

4. ? E. ? VIHINIA, „ „ 

5. E, TEXTA, Gabb & H. 


Eocene, Bntaw, Carolina, South, 
„ Rook’s Bridge. 

„ Entaw, „ 

„ White Limestone, „ 
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G. E. ovALis, Gabb & H., Eocene, ? Claiborne, Ala. 

related in form of cells to JEJ. Blandina and E. Eurita^ D. Orb* 

7. ? E. ? FRAGILISSIMA, G. & H. * Miocene ! ’ Maryland, St. Mary s 

river = ? Gellepora iumlda^ D’Orb. = 
Escliarina ibid., Lonsd. 

Lunulites, Lamk. 1801. 

8. „ SEXANGULARis, Lonsd. (see ‘ Eocene,’ Wilmington* 

9. ,, DiSTANS, Lonsd. „ 

10. „ INTERSTITIA, G. & H. „ „ Claiborne, Ala. 

11. „ CONTIGUA, Lonsd. „ 

12. „ OBLONGA, Emmons ‘ Geo. K.ep. N. Caro.’ 

p. 312, f. 252, 253. 

Semirsciiara, D’Orb. 1851. 

13. „ TUBULATA. ‘ Eocene,’ Claiborne, Ala ? 

OELTAimA, Fabr. 1780 (not Celkpora^ Lam.) Cellepora & Disco- 

pora, (pai‘s) Lam. 1816. 

14. ,, CYCLORis, G. & H. ‘Eocene.’ 

16, „ INORNATA, G. &H. Lejpralia ibid * Smith, ‘Florid. Bry.’ 

p. 61, ‘ Eocene ’ of Alabama. 

16. „ TUMiDULA, WOvb^Escliarinaibid. Do. Miocene, Peters¬ 

burg, Virginia. 

17. ,, FORMOSA, Tuorney & Holmes T See head notes bo- 

18. ,, TESSF/LATA „ „ > ginning of this paper, 

19. „ DEPRESSA „ „ J ‘ Pliocene.’ 

Giles Bluff & Goose Creek. 

20. 5 , UROEOLATA, G. & H., Miocene Marl, Hew Jersey. 

21. „ CAUFORNiENSis „ Santa Barbara. 

22. 5, BELLEIiOPHON „ „ 

Eeptocelleporaria, D’Orb. 1881. 

23. „ INFORMATA, D’Orb, Lons. 

(see auto), 

24 „ QUADRANGTOARis ^Gellefova ibid. Lons, (see 

mte), 

25. „ siMiLis, D’Orb. ^Gelle'pora ibid. Lons, (see 

ante^ . 

26. „ OLOMFRATA, 0. & H, ‘ Eooone,’ Vicksburg, 

Missip. 

EscirARFFLA, B’Oii). 1851. 

27. MiCROPOBA, G. & It. ‘ Eocene.’ 

Reptescharella, D’Orb. 1851. 

28. „ OAROLiNENSxs, G. & H. (rare), ‘Eocene,’ White 

Limestone, West of Charleston, S.O. 

29. „ Heermankii, G. & H., Miocene Gal. Santa Barb. 

=EschaHpora annulata, Smitt, 

30. „ PLANA, G. & H. ? Cribrilina annulaia^ Hincks, 

same locality. 

Phidofopora, Gabb & H. 

31. ,5 LABiATA, G, & H. = Betepora ^narm^iata^ Miocene, 

Santa Barbara, Calif. 
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Oligotresccm, G. & H. 

32, „ viCKSBCRGENSis, G. & H. = JLuiinlUes ibid. =; Upper 

Eocene, Vicksburg, Miss. 

Esciiarinelea, D’Orb. 

38. „ ‘pLiXEA, G. & H., Eocene, S. Carolina. 

Ennallipora, G. H. 

34. „ QUADRANG CLARIS, G. & H., Mioccne, Pefcorsburg. 

Discoporella, D’Orb., 1851. 

35. „ DENTicuLATA, G. H. := Lumilltes ibid., Con. 


Rexu’OPORIna, D’Orb. 

3G. „ caeixata, G. <fc H., Santa Barbara. 

37. „ lcstomata, „ 


Mcltiporixa, G. & H. 

38. „ CMBiLTCATA, G. & H. = Gellcpom ibid., Lonad. 


Ei:pti:scharrlltna, D’Orb. 

30, „ nisi’ARiLis, G. & H., Santa Barbara, 

40. „ PHeermanxtt, „ „ 

41. „ CORNtTTA, „ „ 

ELUSTRLLrAElA, P’Orb. „ 

42. „ aiultipora, G. & H. „ 

Discoflustrellabia, D’Orb. 

43. „ Bo WEI, G. (& H. = LiDmlitcH ibid., Boa. 

CUPULAREA, Lam. 

44. „ DiscoiDEA, Lam. = Orhitolltes ibid., Lea. 


Heteractis, G. & H. = „ „ 

45. „ „ Duolosii = Lamilifes ibid., „ 

Membraxipora, Blainv. 

46. „ SEXPXJNCTATA, G. & H., Horizon, doubtful, 

47. „ SPECIOSA, „ „ y, 

48. „ CALIFORNICA, „ Santa Barbara. 

49. „ I3ARBAREX3IS, „ „ „ 

Pyriflusteella, D’Orb. 

'>0. „ TUBERCULUM, D’Orb. = Hqfpothoa ibid., Loiusd, 

» n ^Bijripora „ D'Orb. 


1 . 

2 . 

3. 

4 


Order 11, Cextripuoinata {Oijdosto^mta^ Busk). 
Pamily XuBiGBRiDiS. 

Ibmoxea, 

„ I^ILLAEIS, Lonsd, (See ante), 

« j, 5 , = Orisisina, ibid., D’Orb. 

„ GOMMISCENS, „ = 

„ CALiFORKiCA, G. & H. (?), Santa Barbara. 
Semitubigeea. 

„ TUBA, G. „ 

Extalophoea. 


5. 

6 , 




PEOBOSOXDEOIDBS, Lons. (tuMipora ibkL, Lon$.)- 
nnjOToiiATA, G. & H., Santa Barbara. 
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Crisin’a. 

7. ,, SERiiATA, G, ^ I"L, Santa Barbara. 

Cayea, D’Orb. 

8. „ I'RiscA, G. & H. 

LigiterohMv’A, Def, 

0, „ GALIFORNICA, ,, „ 

MuLTiCiiiisGis, D’Orb. 

10. „ TORTiLis, G. & H. = ? Heteropora ibid., Lonsd, 

‘Tertiary Polyzoa,’ Dr. August Goldfuss (‘Petrefacta Germanica’), 

The Tertiary Polyzoa described and figured by Goldfuss are few in 
number, but his species have been adopted, rc-described, or referred to by 
every author who has taken up the study as a speciality. 

Cheilostomatn, 

1. Glatjconome maeginauia, Goldf. 9 Plustra contexta, Goldf. 

(^Vincularla,ovOelltma 10. ScYriiiA AiiTrcuLATA, ,, 

of authors) 11. Escxiara sudsthiata, „ 

2. „ lUIOMliOPOEA, Goldf. 12. „ CELLKPOrUCEA. 

3. „ TETRAGONA, „ 13. EeTEPORA VIBICATA. 

4. „ iiEXAGONA, „ 14. Lukulites rauiata, Lam‘arck. 

5. CeLLEPORA CONGLOMERATA, „ 15. „ X'ROEOLATA, „ 

6. „ ANNUBATA, „ IG. „ RHOMBOIDALIS, 

7. „ TEISTOMA, „ * Miinster. 

8. „ gracilis, „ 17. „ rCEP’ORATA, „ 

Gyclostomata. 

1. Ektepora fenesteata, Goldf. j 3. Cellepoua echinata, Miinster, 

2. ' „ CYATHIFORAIIS, „ | 

‘ Eocene Polyzoa, British.’ 

The almost barren record of British Eocene Polyzoa bas been remarked 
upon by previous authors, but I am afraid that we owe tho barrenness to 
the want of research rather than to the scarcity of species, Mx\ Busk 
describes three species from the London Clay at Highgate, found in the 
collection of Mr. Wethcrell, ‘Geo. Magi’ vol. iii., July 1866:— 

1. Membeanipora Lacroixii ? pi. xii. fig. 1. 

2. Biplustea eooena, Bask, pi. xii. fig. 2. 

3. Dittosaeia Wethebellx, Busk, pi. xii. fig. 3 (GEAiELLAEiABiE, Bask). 

The Membrmdpora described by Mr. Busk is leather more linear than the 
more recent form generally met with round our coast; but some time 
since Professor Judd ^ sent me a specimen of wbat I consider to be refer¬ 
able to the Jf. Lacroixii, and this was from the oyster bods of Colwell Bay. 
It differed from Mr. Bnsk’s figured specimen, but as the species varies 
very much in habit, this I considered of but small consoqueuce. The 
value of the specimen sent was this. When the cells separated in the 
line with the side walls I was able to detect the * Rosettenplatte ’ or 
communication pores through which tho endosarcal cord passed from 
cell to cell. These were three in number on tho side walls, and they 

* Discovered by bis assistant. 
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were well preserved; otlierwise the heautifnlly crenizlated wall surrouiid- 
ing the orifice was sufficiently indicative of the normal typo.^ 

In the ‘ Catalogue of Tertiary Fossils in the School of Mines ’ (18/8), 
the only species indicated from different horizons are as follows : 

4 Fltjstra crassa, Desm., Thanet Sands, p. 7.^ 

5. ,, sp., „ Woolwich and Reading Beds, p. 10* 

6. ,, CRASSA, „ London Clay, Highgate, p. 14. 

7. PoLYZOOir, „ „ Sydenham, p. 14. 

In Morris’ ‘ Catalogue of British Fossils,’ and also in the Palaeon¬ 
tological part of Jukes’ ‘ Students’ Manual of Geology,’ the following 
species are indicated:— 

8. Eschara BR 0 >’GifLirtTr, Lonsd., London Clay, Bracklesham Bay. 

9- Flxjstra crassa, Desm., „ „ Primrose Hill. 

10- Cellerora petiolus, Lonsd., Mid-Eocene, Bracklesham. 

11. Lunulites urceolatus, Lam, „ „ 

= Goscinoporis ptleoh(s, Phill. and Wood. 

12. Id^ionea coeonopus, Defr., Mid-Eocene, Bracklesham Bay. 

Besides the above I have no further record, but I have some few 
fragments by me of undescribed forms from the Middle Eocene, British 
series. It may be possible that there are still in the cabinets of collectors 
specimens of Polyzoa that are awaiting description; if so, I shall be glad 
to hear of such. 

* Tertiary, Eocene and Miocene Polyzoa,’ Professor A. E. Reuss. 

I. In dealing with the following three works of Dr. Reuss I have 
been careful to present his text with his own indications of synonymy. 
In the earlier work, published in 1847, the author described and figured 
no fewer than 120 species of Cheilostomata and 49 species of Oyclosto- 
mata. This work of course was published before Mr. George Busk issued 
his * British Museum Catalogue,’ and also before Professor Smitt gave 
to tbe scientific world his principal writings on ‘ Classification,’ &c.; yot 
in it we are surprised to find how this careful investigator was woikiug 
towards a natural classification. 

IL In the second work, published in 1869, Professor Reuss had the 
advantage of correcting much of his previous labours, and in the ‘ Palm- 
ontological Studies ’ many of the species of * Fossil Polyparia ’ were re¬ 
duced to synonyms. In this work, too, Reuss evidently had carefully 
studied both the classification formulated in the ‘ British Museum Cata¬ 
logue ’ and also the ‘ Crag Polyzoa ’ of Mr. Busk. Nearly every species 
described in this work I have carefully studied from the material supplied 
by Professor Roemer, 

III. In the third work—‘Miocene Fossil Bryozoa of Austria and 
Hungary,’ 1884-5, which the author did not live to complete—we have 
such a piece of work of which no author who has taken up the study of 
Fossil Polyzoa need to be ashamed. In this we have full revisions of former 
identifications—more species are reduced to synonyms—^hut, what I regret 
most, the Cyclostomata are not touched. Dr. Manzoni completed the 
second part of this grand work, but, as would he expected, he did not 
give so many synonyms as Reuss would have done, had the work left his 
hands in a complete form. 
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* Fossilcn-Poljparien ties Wiener Tertiarbeckens^’ I,, A. E. Eeuss, 1817. 
Div. B. Cellariea!;, Blainv. 

Baotridium, Rss* 

]. „ GRANULiFERUM, Bss. Marine Limestone. 

2. „ ELLIPTICUM, „ „ 

3. „ scHlzosTO:^rA, „ „ 

4 „ Haoenowii, „ „ 

Lunulttes, Lamk. 

l>. „ Hatdtngeri, Bss., similar to i. rhomohoulalls, Gold., 

and L. Yanderhechii^ Micb. 


(>. 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

18. 

14. 

15. 

16. 

17. 

18. 
19. 


Cellabta, Lamk. = Vincidaria^ Defr., Glaxiconome^ Gold. 

,, iMARGiNATA, Goldf. sp. Marine Limestone. 

„ Haidingert, Bss. „ 

„ CUCULLATA, Bss. ? == F, frcigiUs, Def. „ 

„ exarata, „ F. tefragona, Goldf. 

„ l^OLYSTICIIA, „ 

„ Michelint, „ ? = F. fragilis, Micb., similar to 0. 
cereoides, Lamx. 

„ nuPLiCATA, Bss., similar to IsTo. 11. 

„ CORONATA, „ 

„ LABROSA, „ 

„ SCHREIBERST, KSS. 

„ SCROBICULATA, „ 

„ Hatjeri, „ 

„ STENOSTICHA, „ 

„ ^lACROSTOMA, „ similar to Olauo, elUptica, Hag. Ko. 2, 


Div. C. Escharina, Ebr. 



Eschara, Lamk. 1 

31. Eschara 

SYRTNGOrORA, Rss. 

20. 

57 

EISTULOSA, Bss. 

32. 

55 

undulata, „ 

21. 

55 

laais, „ 

33. 

55 

PUNCTATA, Phill. 

22. 

55 

SITLOXMARGO, „ 

84. 

55 

IHBRTCATA, Rss. 

23. 

55 

MACROCHEILA, EsS. 

35. 

55 

LARVA, „ 

24. 

55 

BIAtJRlCUBATA, „ . 

30. 

55 

POLYSTOMELLA, BsS. 

25. 

55 

AMl'LA, „ 

37. 

55 

VARIANS, „ 

26. 

55 

BIPUNCTATA, „ 

38. 

55 

OONFERTA, „ 

26*. „ 

ACICTJLARIA = AcU 

39. 

’ 55 

niPLOSTOMA, „ 



cttlariajpava7itinay 

40. 

55 

POXA''OMMA, „ 



D. Arch. 

41. 

55 

TESSULATA, ,, 

27. 

55 

TBBtJLlPERA, „ 

42. 

55 

EXCAYATA, „ 

28. 

55 

COSCIHOPHORA, „ 

43. 

55 

COSTATA, „ 

29. 

55 

OBESA, „ 

44. 

55 

CRENATTMARGO, „ 

80. 

55 

PAPILLOSA, „ 





Vaoinopora, Def ranee == Eschar lies and Meliceritites^ Bom. 

45. 

55 

TEXTURATA, BsS. 

47. Vaginopora oemxnipora, Bss. 

46, 

55 

POLTSTIGMA, „ 

48. 

55 

■ EISSURELLA, 

1884. 




N 
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Div, D. Cellepoeixa, Ehrli, 


Cellepoea, Lamk. = Cellepora^ Blainv. ; Di^copora, Latnk. and M.-Ed.; 
Escharma and EscJiaroides, M.-Ed. and Bom. 


49. Cellepoea globulaeis, Bronn. 




= ScypMa cellulosa. 



Goldf. 


50. 

55 

eoeaminosa, Ess. 

51. 

55 

peolipeea, 

55 

52. 

55 

POLYTHELE, 

55 

63. 

55 

POLTPHTMA, 

55 

54. 

#5 

EOSULA, 

55 

55. 

55 

TETEAGONA, 

55 

56. 

55 

AlfNULATA, Goldf. 

57. 

55 

VERRUCOSA, 

Rss. 

57* 

S» 

CEEATOMOEPHA, „ 

58. 

55 

MONOCEROS, 

55 

59. 

55 

CYLINDEICA, 

55 

60. 

55 

AREECTA, 

55 

61. 

55 

PTEEOPOEA, 

55 

62. 

55 

MEGALOTA, 

55 


similar to 0. jptero^ 



pora. 


63. 

55 

Endlicheei, 

Ess. 

64. 

55 

SEMICEISTATA, 

55 

65. 

55 

SCEIPTA, 

55 

66. 

55 

EAEICOSTATA, 

55 

67, 

55 

MEGACBPHALA, 

55 

68. 

55 

PUPULA, 

55 

69. 

55 

Haueei, 

55 

70. 

55 

TJngeei, 

55 

71. 

55 

MAGNIEICA, 

55 

72. 

55 

SCHIZOGASTER, 

55 

73. 

55 

Heokeli, 

55 

74. 

55 

CIECUMORNATA, 

1 55 

75. 

55 

SEERULATA, 

55 

76. 

55 

PHYSOCHEILA, 

55 

77. 

V 

SCARAB2EUS, 

55 

78. 

55 

GRANULIFERA, 

55 

79. 

55 

TEGULATA, 

55 

80. 

5? 

COECmNA, 

55 

81. 

55 

GONIOSTOMA,* 

55 


82. Cellepoea EAEiPUNGTATA, Ess. 


83. 

55 

TEIGONOSTOMA, „ 

84. 

55 

PLEUEOPORA, 

55 


=: AmpMdegina 
ISaiierL D’Orb, 


85. 

55 

C'EENILABEIS, 

Rss, 

86. 

55 

BECORATA, 

59 

87. 

55 

PROTUBEEANS, 

75 

88. 

55 

Dunkeei, 

55 

89. 

55 

OTOPnOEA, 

55 

90. 

55 

OVOIDEA, 

55 

91. 

55 

PAOHYDERMA, 

59 

92. 

55 

PLATYSTOMA, 

55 

93. 

55 

CHEXLOPORA, 

55 

94. 

55 

TERNATA, 

55 

96. 

5) 

MICROSTOMA, 

55 

96. 

55 

ENTOMOSTOMA, 

i 55 

97. 

>5 

Partschii, 

55 

98. 

55 

Baerandi, 

55 

99. 

55 

ANGULOSA, 

55 

100. 

55 

STENOSTOMA, 

55 

101. 

55 

GRACILIS, Goldf. 1. 0. 


i. p. 102. 


102. 

?5 

MINOTA, Eeuss, 

103. 

55 

inPPOCREPIS, 

Gold. 


1. c. i. p. 20. 

104. 

55 

RAPYEACEA, Ess. 

105. 

55 

TBNELLA, 

55 

106. 

Jl 

QUADRATA, 

55 

107. 

n 

POEMOSA, 

55 

108. 

9> 

LEPTOSA, 

55 

109. 

55 

DEPLANATA, 

55 

110. 

55 

TEAPEZOrOKA, 

It 

111. 

55 

APPENmCUJ-ATA.EsS., 



near 0. vclameii. 



G, Munst, 


112. 

55 

PBUESTKATA, EsS. 

113, 

55 

nOTOPORA, 

55 


114. Mehbbahipoea eetioultjm, Blainv., ‘ Man. d'Actin/ p. 44, 

115. „ TOBILia. 

116. „ nUBEMA, 


117. OCELOPHTOA GLABEUM, Rss. j 118, OcELOPHIHA STEIATXJH, RsS. 

Betepoea, Lanak., removed from the Gyolostomcdct, in the division 
C* Beiejpora, 

’’ CELLTJLOSA, Lamk, I 121, ReTEPOEA ? BLEOAHS, BSS, 

120,. „ Bubbsohii, Rss. j ? * 
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L SCLEHOrODLV, Ehrh. = CYCLOSTOMm, Busk. 

A. Ceriopora, Golclf. = Omojpora and Alveolites, Blainv. 

1. Ceriopoba globulus, Ess. 4. CERioroRA arbusculum, Ess, 

2. „ SPONGlOSAjPllillip. 5. „ MEGALOPOUA, „ 

3* „ CYLliNDRIOA, EsS. G. „ PHLYCT/ENOLES, „ 

Heteropora, Blainv, 


7. 


anomalopora, sp. Goldf. = C6rioj)ora ibid., G. 

8. 


STiprt'ATA, Ess. 

0. 


DionoTOMA, Gold. = Gerio^om ibid., G, 

10. 

JJ 

STELLULATA, EsS. 


Defuangia, Brom. = Felagia, Lamx.; Liclienoj^ora^ Dof. 


11. 

9? 

DEFORMIS, Ess. 

15. 

Deprancia, 

SOCIALIS, Ess. 

12. 

99 

FOR-MOSA, „ 

IG. 

99 

CORONULA, ,, 

13. 

99 

STELLATA, Goldf. = 

17. 

9) 

DIMIDIATA, „ 



Ceriopora ibid., G. 

18. 

99 

PLUM A, ,, 

14. 

99 

1‘ROLIFERA, Ess. 





Apseudesia, Lam. 

19. „ fascigulata, Ess. Similar to A, dianflms, Blainr, 

It unites in itself the characters of Defrancla and Ghrijsaora, 

CiucoPORA, Blainv. = Spiropom, Lamx. 

20. „ VERTiGiLLATA, Mich. | 21. Oricopora pulchella, Ess. 

PusTULOPORA, Blainv. 

22. „ OLAVULA, Ess. 24. PuSTULOPORA ANOAIALA, EsS. 

23. „ SPARSA, „ 

? Eetepora, Lamk., Goldf. 

Hornera, Lamx. 

25. „ BiLOBA, Ess. I 27. Hornera hippolithus, DcL 

2G. VERRUCOSA, Ess. I 28. „ seriatopora, Ess. 

Ibmonea, Larax. 


29. 

99 

CAIUNAYA, Eom. 

30. 

99 

PERTUSA, Ess. Similar in habit to I. distiidia, G. 

31. 

99 

nrsxiCErA, Goldf. ^Eetepora ibid., Goldf. 

32. 

99 

COMPRESSA, Ess. 

33. 

99 

OAKCELLATA, Goldf. = ibid., Goldf. c=: Eetepora, 


Lamk. Throe species placed under this head removed to 
Gheilostomata, Nos. 119 to 121. 


II. Thalloi*opia, Ehrb. 
A. AuiiOPOEiNA, Ehrb. 

Tubulipora, Lamk. 


34.. 

99 

COKGEBTA, EsS. 

36. 

TtJBDMPOEA STELLITOEMtS, Micb. 


>9 

FOLIACEA, „ 

! 37. 

„ ECHIKUiATA, EsS. 


DiASropORA, M.-Ed. ^Fiastopora^ Mesenieripora, Berenicea. 

38. 

99 

' MINIMA, Ess. 

41. 

DIASTOPOEA PtABELOTM, Rss,’ 

3'J. 

. 99 

ROTULA, „ 

42. 

„ ? PIUMCLA, „ 

40. 

>9 

SPARSA, „ ^ 

4&. 

' „ ? ECHKATA, Mans. 


N 2 
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Aulopora, GoldF. 

44. „ RUGULOSA, Ess. | 45. AuLOPORA DIVATtlCATA, Ess. 

Crisia, Lamx. 

46. 5 , Edwardsit, Ess. 48. Ceisia liAutoRr, Ess. 

47. „ Hornesii, „ 

CuTSiBiA, Edw. = Ifnicellana, Blaiuv. 

49. „ YINDOBONENSIS, EsS. 

In his ‘ Bryozoen: Palaontologische Stiidien iiber die iilteston Toi'tia'i*- 
schichten der Alpen,’ Prof. Eeuss gives to ns the results of studies of the 
Bryozoa from different localities from which he obtained material, some 
of which were remarkably rich in species. For myself, I consider that 
this is one of the most important of his works, and in addition to merc^ 
opinion, I am more acquainted with the forms described from the sevci^al 
localities mentioned in this work than the others. From all tlio localities 
mentioned, it would he quite possible to add considerably to the number 
of species, but it will be better to deal with the work as left by the 
author. 

A, Bryozoa, Taff. von Sangonini, 

1, Eschara xjndulata, Ess., pi. xxxii. fig. 6. 

2. „ PERFORATA, Ess., pL xxiii, fig. 5. 

B. No Bryozoa. C. No Bryozoa. 


D. Orosara: a. Cheilostomata, 

Membranipora, Blainv. 

1. „ LAXA, Ess., pi. xxxvi. fig. 14. 

2. „ Hookeri, Ess., pi. xxix. fig. 6-8. 

» ANGULOSA, Ess., pi xxix. figs. 9, 11 = CdUpora 
ibid., Ess. 

4. MEMBRAHlPORAOOEANi,D’Orb.,sp.==E^.9c7i(:im/n ibid. ‘Pal Fr. TcH. 

Cret.; ’ EejptesGliarelUna ibid., D’Orb ; M, ooeani^ Busk, ‘ Crag p} 
p. 35. 

5. Membranipora leptosoma, Ess. = OelUpora ibid., Ess. 

6. „ Munsteri, Ess, 


7, 

8 . 
9. 

10. 

11 . 

12 , 

13, 

14. 

15. 

16, 


Lepralia (a). 

„ SQUAMOIBEA, EsS. 

„ Seguenzai, Ess., pi xxxvi. fig. 11. 

„ Grotiana, Stol, 

„ RABIATA-GRANULOSA, Rss. = L. HonwsL Rss. 

5 , MULTIRADUTA, Ess. 

Lepralia {h), 

„ SuEssT, Ess., pL xxxvi. f. 17. 

„ EXCENTRICA, Ess. 

„ ANNULATA, Rss, 

„ MONOPORA, Rss., pi. xxxvi. fig. 16. 

„ ouaosTiGMA, Bss., pi. isxiv. %. 10 =a L, anmWa,Y. M. 

sp. 

„ mEOPOEA, Ess. = XXX,, t 4. 


1 ?. 
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HimTHOlDEA = Ahjsidota^ Bask. 

18. Alysidote prominens, Rss., pi. xxxvi. fig, 8. 

Eschara, Ray. 

19. „ PAPILLOSA, Rss, 

/?. Cyclostomata. 

DlAST0P01in).E. 

Defpancia, Broiio. 

1. „ INTERRTJPTA, RsS., pi. xxxiv. f. 12 : pi. XXXV . f. 9, 

Stomatopora, Bronn. 

tJ. „ RUGULOSA, Rss. = Aulopom ibid., Rss. ‘ Foss. Pol.^ 

Radiopora, D’Orb. 

3. „ PiLKOLUS, Rss., pi. xxxvi., fiig. 12 = Domopora ibid. 

Multitubigera, D’Orb. 

4- ,, MIGROPORA, Rss., pi. xxxvi. f. 15. 

E. BiiYOZOA, Schists, Val di Lonti. 

ChEILOSTOMATA; a. ArTICULATA. 

CeLLULARIDJ]. 

ScRUrocELLARiA, Vail Ben. 

1. „ ELLIPTICA, Rss., pi. xxix., fig. 3 = Bactndhmi 

ibid., Rss. 

2. „ GRACILIS, Rss., pi. xxix. fig. 4. 

SALICORNARIDiE. 

Salicornarta, Cuv. 

3. „ Reussi, D’Orb. sp., pi. xxix., fig. 5 = Cellaria mar^ 

(j'inata, Rss. = Vinmlana Betissi, D’Orb. 

Cellaria, Lamx. 

4. „ Michelini, Rss. 

5. „ ScHREiBERSi, Rss., pi. xxiv., figs. 5, G. 

/?, Inarticulata. 

Membranipora, Blainv. 

G. „ Hookeri, Rss. 

7. „ ' MONOPORA, Rss,, pi. xxix. fig. 7=Ji". appendioulata^ 

Rss. 

•8, „ angolosa, Rss., pi. xxix. figs. ^-ll^Gellepom ibid., 

Rss.=jE?sc7i-am excuvaia^ Rss. 

9. „ BEi'LANATA, Rss., pi. xxix. fig. l^^Gellepom ibid,, 

Rss* 

Lepralia 

10. „ SPARSiPOBA, Rss., pi. xxx. fig. 1. 

11. „ PTEROPORA, Rss. pi. XXX. fig. 4 = GelUpom ibid., Rss. 

Celleporabia, Lamx. 

12. „ _ GLOBOXARIS, Bronn.^Gellepom ibid., Broun.; Bepto- 

celleporaria ibid., D’Orb. 

13. Celleporaria proxeifobmis, Rss., pi. xxx. figs. Bstliam 

diplostoma^ Rss. 
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Batopoka, Bss. 

14. „ MULTIRADIATA, Rss., J)l. XXXI. figS. 1-4. 

Bactridium, Bss. 

15. ,, Hagenowi, Bss., pi. xxxi. figs. 5-6. 

Betepoea, Imper. 

16. „ SIMPLEX, Busk, pi. xxxi. fig 7. 

17. „ CELLULOSA, L., pL xxxi. fig. 8. 

18. „ TUBEECXJLATA, Bss., pi. iii. fig. 9-10. 

Flusteellaria, D’Orb. 

19. „ TEAPEZOIDEA, Bss., pi. xxix. fig. 14 = CoVvi^fn'a 

ibid., Bss. 


20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 
29. 
SO. 


Eschaea, 

JS 

5J 

55 

55 

55 

55 

55 

55 

55 

55 

55 


31. 

32. 

33. 
34 

35. 

36. 

37. 

38. 


55 

55 

55 

55 

55 

55 

55 

55 


SYRINGOPOEA, BsS., pi. XXxii. fig. 1. 

PAPILLOSA, „ pi. xxxi. figs. 11-17. 

STENOSTiCHA, „ pi. xxxii. fig. 2 ==GelIana ib. Rss. 
POLYSTiCHA, „ pi. xxxii. fig. '6^GeUaria ib. Bss. 
SEBCHARTACEA, B’Arcb. 

SEMiLjDYis, Bss., pi. xxxii. fig. 7-8=E, larm^ Bss. 

55 9. 

,5 :io. 

„ 11 - 12 . 

5, 13. 

,, 14-16= Oe??ana.ib., Ess* 

^Usohara crenatomanjo^ Rss. 

PHTMATOPOiu, Bss., pi. xxxiii. fig. 1. 


Seessi, 

BISELCA, 

icodxjlifera' 

MICRODONTA, 
HAXTERI, 


55 

55 

55 


1A4RALLELA, 
SEMIT0EULOSA, 
MINOR, 

Hornesi, 

DTJPLICATA, 

HETEROSTOMA, 

ALIFERA 


2 . 

S. 

4. 


XXVI, 

xxxiii. 


55 

„ 3. 

55 

,, G-7. 

8-10=(7cZ/am ib., Bss, 

„ 5. 

11. 


Biflustea, B’Orb. 

39. „ MACROSTOMA, Bss. pi, xxxiii. figs. 12-13=OeKar/a ib., Bss* 


Yincularia, Def. 

40. „ Haidingeet, Bss.pl. xxxiii, fig. 14-15t= ib., Rss,* 

41. „ geometrica „ „ „ 16. 

55 EXARATA „ pi. xxxiv. „ 1 = CellaHa ib., Ess* 
43. „ IMPRESSA. „ „ „ 2. 

Acropora, Bss. 

55 COBONATA 5, pi. xxxiv* „ 3-5 = 0<3Ztem ib.» . ' 

JEJ$chara conferia^ Rss. 


Selenaeim, 

CupuLABiA, Lamx. 

4 ^. „ BIDENPATA, Bss., pi. Xxix.' fig. 1 - 2 , 

Ltjnhlites, Lamx. 

46 . ,, QUADRATA, Bss., pi. xxviii. fig* 18 * 
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Cyclostomata, Busk. 

Crisim. 

UiiiiciusiA, D’Orb. 

1. 5 , TKNRRUfMA, Reuss, pi. xxxiv. fig. 7 == JJnicrisia'Dmdolon- 

endsj D’Orb., ‘Pal. Pran^. Ter. Or.;’ Grisia vindohonensis, Rss. 

Crtsta, Lamx. 

2. 5, Edwardst, Rss. 

3. „ scBiEQUALis, Rss., pL xxxiv. %. 8. 

Discosparsa, D’Orb. = Patinella, Gray. 

4. „ TENUIS, Ess., pi. xxxiv. figs. 9-10. 

5. „ liEGULARIS „ „ „ 11. 

Defkancia, Broun. 

6. ,, tnterrupta, Rss., pi. xxxiv. fig. 12 ; pi. xxxvi. fig. 0. 

Buskia, Rss, 

7. „ tijbxNjIeera, Rss. 

Idmonea, Lamx. 

8. „ reticulata, Rss., pi. xxxiv. fig. 13 (^ Criskui ), 

9. „ gracillima, „ XXXV. „ 1-2. 


10. 


CONCAVA „ 

„ „ 3-4. 


Horneea, Lamx. 


11. 

?> 

OONCATGNATA, RsS., pi XXXV. figS. 6-6. 

12. 

99 

TRABECULAPaS, 

„ „ „ 7=H. liippolitJm,Dei., 



D’Arcli. 


13, 

?» 

ASPERULA 

» » 51 8-9. 

14. 


SKRRATA 

„ „ „ 10-11. 

15. 


u'Archiarpii 

„ » „ 12. 


rinsPAESA, D’Orb. 


16. 

5J 

YARUNS, Rss. 

= Pmtuhjpora anomala. Ess, = Somem 


lilolaf Rss. 


Entalophora, Lamx, 

17. ,5 AXTENUATA, Stol.,'pl. xxxvi .figs. 1-2 s=: Pmtulopora 

ib,, Stol.; PmkUojpora anomala^ Rss. 

Spiropoea, Lamx, 

18. OOKPEETA, Rss., pi. XXXVI. fig. 8 = Oriccpora vertu 

cillata, Rss. 

19. „ PULCHBLLA, Rss., pi XXXVI. figs, 4-5=Oncopom ib., Rss. 

20. „ TENUISSIMA, „ „ „ 6, 

Heteeopora, Blainv. 

21. „ SUBRETICULATA, Bss., pi XXXvi. fig. 7, 

Bryozoenschiohte von Montecchio Haggiore. 

Salicornaria, Ouvxer. Oellabia. , 

1, ,, Rbussii, D^Orb, j 2. „ Soheeibeesx/B^. 
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MeMBEANIPOPvA. 

3. „ Hookeei, J. Haine. 

4. „ ANGULOSA, Rss. 

5. „ LEPLANATA, „ 


Lepbalia. 

0. „ multiradiata, Rss. 

7. „ LABIOSA „ pi. XXX. fig. 5. 

Celleporaria. 

8. „ PPvOTEIFOBMIS, Rss. 


Eschaea, Ray. 

9. 5, PAPILLOSA, Rss. pi. XXXU t 11-17. 

10. „ SYEINGOPOEA, RsS. 

11. „ POLYSTICHA „ 

12. „ BISULOA „ 

13. „ IJODULIFERA „ 

34. „ BUPLiOATA „ pi. xxiii. fig. 8-9. 

15^ „ PENESTEATA „ pi. XXxiii. fig. 5. 


Biflestra, D’Orb. 

16. „ MACROSTOMA, Ess. 


Yinculaeia. 

17. „ Haidingeei, Rss. 


Aceopoea. 

18. „ CORONATA, Rss. 

19. „ DBPLICATA „ pi. xxxiv, fig. 6. 


Cyclostomata. 

Ektalophoea, 

1. „ AlTEiiUATA, Sfeol. Sp. 

Filispaesa, D’Orb. Idmonea. 

2. „ VAEIANS, Rss. J 4. „ GRACILLIMA, RsS. 

3. HoENEEA CONCATEKATA, RsS, \ 5. „ COKCAYA. 


Tbis is tbe complete list of species from this locality as given by 
Eenss, but from the material sent to me some years since by Prof, 
Boemer of Breslau, I have been able to find nearly the whole of tbo 
species described from Yal di Lonti. 


Terebratularienscbielite you Prabona. 

1. Membbas^ipoea angtjlosa, Rss = Fohjesekara, Rss. 

2 „ GEACiLis, Ess., pi. xxix. fig. 13 = Gellejpora ibid., 

Goldfass; Fschara andegavensts, Micb.; Le^ralia gracilu^ Rss.; 
Memhranijpora andegavemis^ Busk. 

8. Lepealia sparsipoea, Rss. 

4. „ AJsfGISTOMA, pi. XXX , fig, 3. 

5. Cellepoeabia conglomerata, GoHf. sp. 

6. CIECUMCIIYCTA, RsS., pi. XXX. figS. 10, 11. 

7. BaTOPORA MULTtEABIATA, RsS. 

8. Eschaeapapillosa,^Rss. 
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San Martino. 

1. Memuranipora angulosa, Rss. 

2. Celleporaria conglomeeata, Goldf. 

3. Lunulites quadrata, Rss. 

(Oyclostomata) 

1. Radiopora boletiformis, Rss., pi. xxviii. fig. 27, 

San Vito di Brcndola. 

Oelleporaria conglomerata, Goldf. 

Bryozoenscliicliten von Granella. 

1, Cupularia bibeni’Ata, Rss, 

2. Lunulites quadrata „ 

This completes the whole of the lists given by Renss from the several 
localities named. 

Prof. Ritter von Renss : ‘ Dio fossilen Bryozoen des Oesterreichisch- 
nngarischenMiocans’ (Fossil Bryozoa of the Austro-Hungarian Miocene). 

In the brief notice of this memoir, the author said that some of the 
species described in a former memoir (the first of the three papers now 
given as published iu 1849) are now suppressed, and the notice intro¬ 
ductory to the present paper mentions 17 species of Memhrmiipora, 75 of 
Lepralia^ 2 of Bcrupocellana, and one of Salicornaria (‘ Geol. Record,’ 
vol. i. 1854, p. 320). 

Bryozoa (Ehi\) 

Oheilostomata, Busk. 

„ ARTIGULATA EsS. 

Salicornaria (Cdlaria of Hincks). 

1. 5 , FAROIMINOILKS, Johnst. For synonyms see ante, 

Cellmna Jisiulosa^ Linn. 

Cellaria, Lamk. 

2. „ Oereoides, E11.& Sol. ‘Oligocim’—CeZkr/a Miohelini^ Rss. l.c. 
p, ()l,^Poss. P. Wien.’ = Tiilmcellaria optintoides^ D’Orb., Pal. Pr/ 
r , p, 336 Gellaria Michelinu Stoh ‘ Foss, Bry, Orakei Bay ’ = 
Cellaria Michelini, Rss., ‘ Pal. Stud. alt. Tert.’ = Vincidaria 
Michelini, D’Orb. * Pal. Pr.’ y. p. 59 = Vinexilarla fragili% Mich, 
(non Del). 

SCRTJPOCELLARIA, Y. Ben. 

3. „ ELLiPTiGA, Rss. *Ober Oligociin’ = Sadridium ibid. 
Rss, I c. ‘Poss. P. W.’ p. SC = Baetridium ibid. ‘Pal. Stud. alt. 
Tert.’ = Canda ibid., D’Orb. ‘ Pal. Pr.’ v, p. 48 = Badridmm 
gvanidifemm^ Rss. I, <?. p. 56 = Canda granuUfera^ D’Orb. & Rss. 
==;= Bicdlaria granuUfera^ Rss. 

4. S. SOHIZOSTOMA, Rss. Baetridium ibid. Rss. 1, c, p. 56 ?= Canda 

ibid., D’Orb. ‘Pal. Pr.’ y. p. 333. 

Inarticulata, Rss. 

MEMBRANIPORIRiE. 

Lepralia, 

5. ,, XJngeri, Rss, « Oelleporia ibid., Rss. I, c. p. 14 =: Oellepona 

ibid., D'Orb. ‘ Pal. Pr/ y. p. 398, Leithakalke. . 
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6. Lepralu semiceistata = Gelleporct ibid., Rouss. 1. c. p. 02 = iiV 2 ^if- 
escharella ibid., D’Orb. ‘Pah Fr.’ v. p. 453. ‘Similar to R 


variolosa^' Johnst. 

7. Lepralia BiNAl’A, Ess. ' Foss. Bry. Ost.-nng.’ 

8. „ Baerandii, Ess. = Oellepora ibid., Ess. L p. 9L = 

Beptescliarellina ibid., D’Orb. ‘ Pal. Fr.* v. p. 452, ^ 

9. Lepralia pleukopora, Ess. = Oellepora ibid., Ess. h c, p, 88 ss 

Oellepora crinilahris, Ess. Z. r. p. 88 = EepteseharcUina pleuro- 
pom, D'Orb. ^ 

10. Lepralia gastropora, Ess. ‘ Mittel Oligocan. Ost.-ung.’ Similar to 

R pimgens, Ess,, ‘ Septarien,’ and L. umbilicata, Eom. 

11. Lepralia inamcena, Ess., ‘Ost.-nng. Bryozoa.’ 

12. „ LECORATA, Ess. (== Microporclla, Hks.) = Manzoni, 
‘ Bry. Foss. It.’ ii. p. 4 = Oellepora decorata, Ess. I, c* p. 89. 

13. Lepralia megalata, Ess. = Oellepora ibid., Ess. Z. c. p. 81 = 

Repiescliaripora ibid., D’Orb., ‘Pal. Fr.’ v. p, 490. 

14. Lepralia personata, Ess. ‘ Ost.-nng. Bry.’: ‘ approaches * R 

riolacea, Johnst.; L. pteropom, Ess.; L. stenua, Manz. 

15. Lepralia coccinea, Johnst. (= MitcroneUa, Hks.) = Oellepora 

pieropora. Ess. Z. c. p. 81 = Bistans escJiarelUna ibid., D’Orb* 
‘ Pal. Fr.’ V. p. 451 = Lepralia ibid., Manz. ‘ Foss. It.’ iii. p. 8 
=1 Lepralia mammillaia, Manz., ‘ Foss. It.’ ii. p. 4 = Oligocene o£ 
Crosara. 

IG. Lepralia odontostoma, Ess. ‘ Foss. Bry. Ost.-nng.' 

17. „ arceolata. Ess. „ „ 

18. „ GLABRA, Ess. „ „ 

19. ,. MICROSTOMA, Ess. = Oellepora ibid., Ess. Z. o. 92 ^szitept^ 

encJm'ellma ibid., D’Orb. ‘ Pal. Fr.’ y. 453, Leithakalke. 

20. Lepralia cornigera, Ess. ‘ Foss. Bry. Ost.-nng.’ 

21. „ ENTOMOSTOMA, Ess. Ober Oligocan = Oellepora ibid., 

Ess. Z. 0 . p, 92. EepteecharelUna ibid., D’Orb. ‘Pal. Fr*’ y. 
p. 4-52. 


Lepralia aksata, Jobnst. (Schizoporella unicornis, Hks.). 

„ var. POROSA, Ober Oligocan = Oellepora JDunheri, Ess. Z. c* 
p. 90 = MeptescharelUna ibid., D’Orb. ‘ Pal. Fr.’ y. p. 452 = 
Lepralia spinifera,Mmz. ‘ Bry. Pli. It.’ p. 7 5=s Lepralia unicornis^ 
Bnsk, ‘ Crag P.’ p. 45. 

. Lepralia, yar. ieiragona, Ess. ==: Oellepora ibid., Ess. /, c. p. 78 ; 
Lepralia ibid., Manz. ‘ Foss. Ital.’ p. 6, and iii. p. 8 =: Meploponna 
ibid., D’Orb. ‘Pal. Fr.’ y. p. 442. Mittel and Ober Oligocan; 
Eng. Crag 

Lepralia Ootorsi, Ess. ‘ Foss. Bry. Ost.-nng.’ 

,, LIMA „ ,, y, 

„ IRTERHE0IA, EsS. „ „ „ 

„ YiciNA ^ „ 

9? CAPiTATA, Ess. (= Ghorizopora Brongniariii), ‘Foss. 
Bry. Ost.-nng.’ 

Lepralia olavola, Manz., ‘Bry. Foss. It.’ iii. p. 8. 

„ SCHIZOGASTER, Ess, ~ Oellepora ibid. Ess., Z. c. p, 84 = 
MolUa ibid., D’Orb. ‘ Pal. Fr,’ y. p. 388. 

Lepratja trigorostoma. Ess. = Oellepora ibid., Ess. Z. <?. i. p. 87 
= Mepioporina ibid., D’Orb., ‘Pal* Fr,’ y. p, 442. 

Lepralia htpsostoha, Ess., ‘Foss. Bry. Osi.nng.’; nearly allied to 
JO. megaloia, Ess. 
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32. LmnuiAk Sturt, Ess., ‘ Foss. Biy. Ost.-uug.’; nearly allied to 
L. megolata^ Ess. 

Lupiulta viotagma, Jolmst. Qllcroporella, Hks.) = Gelhmora 
Ilecheli, Ess., /. r. p. 85 = C\ lleckeli, Manz., ‘ Bry. Pli. It.’ 1869, 
P* 

Eoiiss says, ^ Perhaps this is the place for X. cUversipora, Ess., from the 
Septarienthoii.’ 

31. Lepiulta tenella, Ess. (8rM::oporella, vide Waters) ^^^'^Gellepora 
ibid., Ess. /. c. p. 94; Ueptoponna ibid. D’Orb, ‘ Pal. Fr.’ v. p. 
442. rudis^ Manz., from Castellarquato is very similar, if 
not identical with this sp.’—Ess. ‘ Much resembles L, suhimmersa 
and anceps, MacQill., vide Waters.’ 

35. Lbpralia OTOraoRA, Ess. (Sclmoporella vulgaris, Hks.) =Gellepora 

ibid., Ess. L c. p. 90. 

36. Lepralia PAUPER, Ess., ‘Foss. Bry. Ost.-ung.’ 

37. „ AKRECTA, „ = Gcllepova ibid.. Ess., Z. c. p. 81 = 

Oellipora ibid., D'Orb. ‘Pal. Fr.’ v, p. 398. Similar to the 
Oligociin X. Grnf/riard, Ess. 

38. Lrpralia scripta, Ess. {Oribrilinaradlaia, Hks.) = Gdlepom ibid., 

Ess, Z.c. p. 82 = Oellepora ibid., D’Orb. ‘Pal. Fr.’ v. p. 398 = 
GeUeporamegaobpliala, Ess.,/, r. p. 88. Similarformsto this: X. 
innovmnita, Coach; X. anmihita, Fabr. sp.; X. 'nmliiradkita, 
Ess. Manzoni describes two forms: one from the Miocene of 
Turin, the other from the Pliocene. 

39. Lepralia rareoosta, Ess. ;= Gellepora ibid., Ess. 7. c. p. 83; 

Mollia ibid., D’Orb. ‘Pal. Fr.’ v. p. 388. 

40. Lepratja Auingeri, Ess., ‘Fol. Bry. Ost.-ung.’ 

41. „ Fuchsi „ „ „ similar to 

iriani, Ess.; X. FeacMi, Busk, ‘ C. P.’ 

42. Lepralia sekrulata, Ess. = Gellepora ibid.. Ess., 7. e, p. 85 = 

OelUpora ibid., D’Orb., ‘Pal. Fr.’ v. p. 389 = Gellepora erassi-^ 
lahris, Ess,, 7. c. p. 40; Beptoporim crassilahris^ D’Orb. 

. 43. Lepralia tenera, Ess., ‘ Foss. Bry. Ost.-ung.’ 

44. „ TERNATA, „ = GelUpom ibid., Ess., 1. c. p. 91; Rejytes^ 

eJiarelUna ibid., D’Orb. ‘Pal. Fr.’ v. p- 452, 

45. Lepralia reoularis, Ess., ‘Foss. Bry. Ost.-ung.’ 

46. „ incisa, „ . „ „ 

47. „ CHILOPORA, „ = Gellepora ibid., Ess. 7. c, p. 91. 

48. „ Partschx, „ Gellepora ibid., Ess. L c. p. 91; Beptu- 

joorma ibid., D’Orb. ‘ Pal, Fi*.’ v. p. 242. 

49. Lepralia oomplioata, Ess., ‘ Foss. Bry. Ost.-ung.’ 

50. „ EuauLOSA, „ „ „ (near to X. 

Brongniariiiy Aud.). 

51. LEPjiALiA VENUSTA, Eichw., sp., Gellepora ibid., Eichw., ‘ Letlia 

rossiac ’ xii. p. 80; Oellepora ibid., Manz., ‘Bry. Pl. Itah’ ii. p. 8. 

52. Lepralia monoceros, Ess. ; Oellepora ibid., Ess., Z. c. p. 80 ; 

Oellepora ihid.^ D’Orb. ‘ Pal. Fr.’ v. p. 465. 

52*.Lepbalia Haueei, Ess. = Oellepora ibid., Ess. = Bepteseharella 
id., D’Orb. 

58, Leprai^ia peltata, Ess., ‘ Foss. Bry. Ost.-ung.’ 

54. „ Manzonii, „ ^ 

. 55. „ Enultceert, Ess. (l7mBow-wZa^OTWc»sfl&,B8per): Oellepora^ 

Ess. I, e. p. 82; Beptoporim ibid., D’Orb. ‘ Pah Fr.’ y. p* 442; 
? Oellepora orlicula^ Eichw* 
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56 . Lepralia 

57 . 


58 . 

}? 

59 . 

5J 

60 . 

5t 

61 . 

>} 

62 . 

55 

63 . 

55 

64 . 

55 

65 . 

5) 

66 . 

55 

67 . 

55 

■ 68 . 

55 

69 . 

55 

70 . 

55 

71 . 

55 

72 . 

55 

72 *. 

5) 

73 . 

55 

74 . 

55 

75 . 

55 

76 . 

55 

77 , 

55 


savRAB^us, Uss. (Umhonula verrucosa, Esi^er) ; Cellej^oray 
Rss. L c. p. 86, and D’Orb. 

SERiATA, Rss., ‘Foss. Bry. Ost.-iing,’ 

GRANULTFERA, Rss.; Gellejpora ibid., L c, p. SG, and D’Orb. 
‘Pal. Fr.’ 

LATA, Busk; Manz. ‘ Bry. Foss. It.’ p. 4. 

ASPEREiMA, Rss., ‘ Foss. Bry. Osfc.-ung.’ 

OGIVALIS, „ „ „ 

NUDA, „ „ 

CINGBLATA, „ „ „ 

CIECUMORNATA, Rss.; Cellepova ibid., Rss. /. c. p. 85; 

Beptescliarella ibid., D’Orb. ‘ Pal. Fr.’ v. p. 455. 
APEETA, Rss., ‘ Foss. Bry. Ost.-nng.’ 

CERATOMOEPKA, Rss.; Gellepora, Rss. 7. c. p. 80; 

escharellina ibid., D’Orb. ‘ Pal. Fr.’ v. p. 420. 

C'EASSA, Rss. ‘ Foss. Bry. Ost.-tiiig.’ 

EAEEPUNCTATA, Rss. = CellepoYa ibid. Rss., 7, e. p. 87, and 

D’Orb. 

GOKIOSTOMA, Rss. = GelUpora ibid. Rss., 7. r, p. 87, and 

D’Orb, 

crcLOCEPHALA, Rss. ‘ Foss. Bry. Ost.-nng.’ 


TURGESCENS, 

55 

55 

55 

SULCIFERA, 

55 

55 

55 

INSIGNIS, 

55 

55 

55 

PLANICEPS, 

55 

55 

55 

GROSSIPORA, 

55 

55 

55 

GRANOSO-POROSA, 

, Rss. 

55 

„ similar to D. tenella^ 


Rss.; similar to L, nidis, Manzoni. 
ANisosTOMA, Rss. ‘ Foss. Bry. Ost.-ung.’ 
FILOCINCTA, „ „ „ 


Membraxipoea, Blainv. 

78. „ SUBTILIMAEGO, Rss. ‘ Foss. Fauna deufc. Oberoligo- 
can,’ ii. p. 17; IT. laxa, Rss. ‘ Alt, Tort. Alp.’ ii. p. 40. 

79. Membeanipora elliptica, Hag. sp. = GelUpora ibid., Hug, = Jfar- 

ginaria ibid., Rom. 

80. Membeanipora loxopoea, Rss. == Gelhpora ibid., Rss., 7. r, p. 97 

= BeptoflustreUa ibid., D’Orb. ‘ Pal. Fr.’ v. p. 571. 

-81. Membranipoea fenestr.4Ta, Rss. = Gdlepora ibid., Rs.s., 7. c, p. 97, 

and D’Orb. 

82. IMembeakipoea Laceoixii, Sav., sp. = M . Savartii, Busk, ‘ Crag P.’ 

p. 81; Manzoni, ‘Bry. Poss. It.’ ii, p. 3; M. retimlmii; Ess., Z. o. 
p. 98; Micb. ‘ Icon. Zoo.’ p. 74. In the Pliocene of Voltnra and 
in tbe Red Crag. 

82aM. laceoixii, var. Diadeiiia, Rss., 7. c, p. 98. 

83. Membeanipora appenbiculata, Rss. = Gellepora ibid., Rss. I o. 

96; BeptoflustreUa ibid., D’Orb. ‘ Pal. Fi\’ t. p. 571. 

‘ Tbe nearly allied Jf. velamen, Goldf., differs in form of cell and 
a»bsence of vibracula. Our* species is very similar to many forms of tbo 
M. irifolkm. Wood.’—Reuss, 

84. Membeanipora semiaperta, Rss. ‘ Foss. Bry. Ost.-nng.’ 

» PLATiSTOMA, „ =: GelUpora ibid., Rss. 7, <j. p. 91. 

B6. „ IKCOREUPTA, „ ‘ Foss. Bry. Ost-ung,’ 
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87. MEMBRANtroRA HOLOSTOMA, S. Wood, sp.; Busk, ' Crag Pol.’p. 3G 

== Fhtstmliolostoma^ S. Wood. 

88. Membrantpora btdbns, Hag., sp.; Gellepora hvpiwcrepis, Uss. 1. c. 

p. 94; 0. stihhipioQcrejns, D’Orb. ‘Pal. Fr.’ v. p. 398; 0. Udens, 
Hag. ‘Maesfc. Kreid.’p. 92; If. hidons, Busk, ‘Crag Polyzoa,’ 
p. 34. 

Emifje .—Tufaoeous Chalk, Maestriclit; Pencil Chalk, Eiigen ; English 
Crag. 

89. Membranipora aukuta, Rss. ; Cellepora ibid., Rss. I c, p. 93; 

Eeptescharella ibid., D’Orb. ‘ This species occupies, as it were, a 
middle place between If, gracilis and IL lidens.' —Reuss. 

90. IMemrranipora gracilis, V. Miin. sp. = GeUepora ibid. Goldf. 

‘ Pot. Germ.’ 1826, p 162; GeUepora ibid., Rss. Z. c. p. 93; 
JEJschara a7idegaven$is, Mich. ‘ Icon. Zoo.’p. 329; Lepralia gracilis^ 
Rss., ‘Fauna Deutsch. Oberoligocen’; M. andegavensis, Busk, 
‘Crag Pol.' p. 35; M. andegwveiisls^ Manzoni, ‘Brj. Foss. It.’ ii 

p. 2. 

91. Membranipora Formosa, Rss. ; GeUepora ibid., Rss. I c. p. 95; 

GeUepora ibid., D’Orb. ‘ Pal. Fr.’ y. p. 398. See ilf. Mfolimi. 
Busk,‘Crag Poly.’ 

92. Membraniporapapyracea, Rss. ; GeUepora ibid., Rss. Z. c. p. 94; and 

D’Orb.‘Pah Fr.’p. 398. 

93. MembranipoPwA anoulosa, GeUepora ibid., Rss. Z. c. p. 93; and D’Orb. 

‘ Pah Fr.’; Escliara excavata, Rss. Z. c, p. 72; J7. subexcavata, 
D’Orb. p. 72. Rss., ‘Pah Stud. Alt.’ and * Foss. Foram. and 
Bry,’ ‘ This is doubtless the place for Af. dephnatad —Reuss. 

94. Membranipora stenostoma, Rss., GeUepora ibid., Rss. Z. c. p. 93, 

and D’Orb. 


Part II. ‘ Foss. Bry. Ost.-ungar Miocen,’ Manzoni. 

In the second part of this work Manzoni made fifty-two additions of 
species, so as to complete the list left unfinished by the lamented author, 
Manzoni’s arrangement differs considerably from that of Reuss, hut in 
accordance with the general principle that I have heretofore been guided 
by, I give the arrangement of that author rather than interfere with the 
text. It is only necessary to give the catalogue of species, hut it is 
greatly to he regretted that Rouss did not live to revise the whole of his 
species, as ho has done in the first part of the wmrk. 


1 . 

2 . 

3. 

4. 
n 


BRTOZOA, ChEILOSTOMATA, OELLEPORIDiE, 

Cellkporaria, Lamx. 

„ verrucosa, Rss., he, dtd p, 79. 

„ GLOBUBARis, Bronu; Rss. loc, cit p. 76. 
„ POLYTHALE, RsS. „ „ p. 77. 

„ GRASSA, Manzoni, ‘ Ost.-ungar.’ 

„ AVICULIFERA, „ „ 


CuMUXiiPORA, Miinster. 

6. „ PRANSiLYANiCA, Rss.; Bss. in Mss., Upper Marl of 
Lapugy. 

Bawpora, Rss, 

7. „ ROSULA, Rss., he. eik p. 78; ‘ Biy. deutsch. Oberoligocan,’ 
tab. i. fig. 7 ; tab. ii. fig. i. Marl of Baden. 

, ^ Pot, WUn, TertiarheotL 
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Hemieschaea, Busk. 


8 . 

9. 

10 . 

11 . 


GEMIKIPORA, Rss., 7. c. p. 74; 
POROSA, Rss. In Kss. 
MARGINATA, RsS., ‘ Ost-Tlllg.’ 

Ptubigera, Manz. „ 


‘Boss. Bauna Steiusalz/ 

[p. 102 . 

Marl of Lapngy. 


12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 
23. 


24. 

25. 


25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 


Eschara, Ray. 

„ MACEOCHILA, Bss. 7. C. p. 65. 

„ CHIRAGRA, „ in Mss. 

„ Gotriana, „ ‘ Fauna deutscli. Oberoligociin ; ’ ® Biy. 

deutscli. Sepfc.’ p. 06. 

„ EXPANSA, Eeuss, in Mss. 

„ SULCDIARGO, . „ 7. C. p. 65. 

„ FiLiSPARSA, Manz,, ‘ Ost.-ungar.’ 

„ AiiPLA, Rss., 7. c. p. 66 . 

„ BIAUR 3 ;CULATA, Rss. L c. p. 66 . 

„ MOKiLii’ERA, M.-Ecl., 7. c. p. 69, ‘ Crag Polyzoa.’ 

„ STiPiTATA, Rss., in Mss. Marl of Lapugy. 

„ IMBRICATA, Rss., 7. C. p. 69, 

„ REGULARis, Rss., ‘ Deutsch. Septar.’ p. 69; Manzoni, 
* Bry. Eoss,’ iv. 

„ ENDELATA, Rss., 7. c. p. 68 , ‘ Foss. Fauii. Steinsalz.^ 

„ coscmopEORA, Rss., 7. c. p. 07, ‘Bry. deutsch. Scptax’. 
‘Fauna dent. Ohei'cligociin,’ p. 36 =: Microporella ibid., 
forma armata, Waters. 

„ POLYSTOMELLA, RsS., 7. C. p. 70. 

„ POLYOMMA, „ „ 71. 

„ TESSELATA, „ „ 71. 


3J 

J} 

« 

53 

33 

33 

33 

53 

33 


CONFERTA, „ ^ „ 71. 

DELiCATA, Manzoni, ‘ Ost.^ungar.’ 
POROSA, M.-Edw., ‘ Crag Poly.' p. 66. 
FORMOSA, Manzoni, ‘ Ost.-ungar.' 
MINAX, „ „ 

NFGLECTA, „ „ 

OCULATA, „ „ 

FLABELLARIS, „ „ 

PATULA, „ „ 


Biflestea, D'Orb. 

37. „ coETABULATA, Rss., in Mss. " ' 

38. „ EXCAYATA, „ h C. p. 72. 

Feestrelearia, D’Orb. 

33 TEXTEEATA, Rss., 7. c. p. 73, ‘ Foss. Fauna Steinsak,* 
p. 103. . 

40. „ MACROSTOMA, Rss., 7. c. p. 64, 

41. „ AETOCTOEA, Manz., ‘0st.»ungar/ 

Retepora, Imp. 

42. „ CEEEELOSA, Linn., Rss., 7. c. p. 48 5 ‘ Crag Poly.* p. 74, 

43. „ Eebeschii, Bss., „ „ „ 

Tikcelaria, Defr.‘ 

44 .,,; „ CMTOim, Bss,, 1. e. p. 60; 1. c. p. 72, as Eseham 

costatat ‘ffan. deniach. Oberoligocaai’ as Beussi, Stol.; ‘Pal. 
Stud.^Alt. Tort Yineularia SmMngeru 
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45. ViNCUiiABiA BINOTATA, Kss. Mss., ‘ Ost.-ungar.’ 

MYEtozouM, Donati. 

40. „ ^ ruNCTATUM, PhilL, Ess. I c. p. 73; 'Faiin. dciitsclu 

Oberoligociin,’ p. 50; ‘ 3iry. deutsch. Sept.’ p. 74. 

CuEULAEiA, Lamx. 

47, „ Haidtngkui, Ess., L c, p. 58. 

48, „ CANADENSIS, Busk, ‘ Crag Poljzoa,’ p. 87; ManzonL 

«Bry. Poss.’i, p. 10, 

Ldnulites, Lamx. 

49. „ Anduosachs, Alt., l^tanz. ‘ Biy. Boss.’ i. p. 13. 

In an appendix Manzoni gives the following : 

50. ? Gemellaria, Say. 


Part III. ' Boss. Bxy. Ost.-ungar.,’ Manzoni. 

In the ‘ Geological Eecord ’ for 1877, p. 315, Professor ITicliolson 
gives a brief note on Part III. of the ‘ Fossil Bryozoa of the Miocene of 
Austria and Hungary.’ This work I have not seen. It deals with 
species belonging to the Cyclostomata. The new forms described are:— 


1. Idmonea vibicata, Manz. 

2. FiLISPARSA EriEOANTlSSI5T.4, „ 

3. „ ASTALIS, „ 

4. „ TYPIOA, „ 

5. PUSTULOPORA RUGULOSA, „ 


0. PiJSTULoroRA PROBOSCiNA, Manz, 

7. PaTINELLA CYATHIPORMIS, ,, 

8. Discotubigera insignis, 

9. „ ACTINOIDBS, „ 


‘Polyzoa (Bryozoa) from the Upper and Lower Oligoceno,’ 
Professor Eoemcr. 

Professor Roemer, in his ‘ Horddeutsebon Tertiiir-Gehirges,’ Cassel^ 
ed, 1863, adopts a classidcation similar to that of Mons. Pictet in some 
respects, but with three divi.sions instead of two. Pictet ^ divides the 
Polyzoa or Bryozoa thus:— 

A. Celitjlata, D’Orbigny, have three families (Ciieibostomata, Busk). 

L Cei^earioides. 

II. KsOUAHOmES. 
in. Flil’STREBLOtlU^. 


B. CENTEiFUGmiB, with throo families (Oyclostomata, Busk). 

1. Radioelljj. 

II. OPEHCUWKifi. 

III. TuBULiPORiDJi, Milne-Ed, 

Roemer adds another family^—literally another division. 

C. CEEiOPOBiDiB, D’Orbigny. 

The 114 species given by Roemer as described in his monograph are 
distributed under 52 genera which, in the introduebion that prefaces the 
descriptive part, has a rather elaborate synopsis. I have not broken the 
text of the author. 


* Jukes’ 3fmml of Geology, 
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BBrORT—1884. 


A. Celltjlata = Cheilostomata, Busk, 

Oellaria, Lamk. 

1, „ AFFiNis, Eeuss, Upper Oligocene. 

Yinculaeia, Defranc (Cellaria pt.). 

2. „ MAEGiNATA, Y. Muiist. Upper Oligocene. 

S. „ HEXAGOXA, „ „ ,» 

4. J, TETEAGO^TA, „ „ ,> 

5. „ EHOMBIFEEA, „ „ » 

(3. „ ESCHAEELLA, Rom., Lower „ 

7. „ PORINA, „ „ J, 

Cellepoeaeia, D’Orb. 

8. „ EAMULOSA, L. (= Cellepora ibid., Hinck.s), Upper 

Oligocene. 

Gycleschaea, Rom. 

0 . „ MARGiNATA, Eom., Lower Oligocene. 


Eschaba, Lamk. 


10. 


HETEEOPOEA, 

33 33 


38 

11. 

jj 

SUBTERFS, 

33 33 


33 

12. 

35 

DEFORMLS, 

33 33 


33 

13. 

33 

SPOlITGIOSA, 

„ Upper 


33 

14. 

33 

PUBCTULATA, 

33 33 


33 

15. 

33 

ORNATA, 

33 33 


33 

16, 

33 

GLABRA, 

33 ;3 


33 


PoEiNA, D’Orb. (adopted by Hincks). 



17. 

33 

CONFLTJENS, Eom., Lower Oligocene. 

18. 

33 

QXJADRATA, „ 

33 

33 


19. 

33 

nUBIA „ 

33 

33 


20. 

33 

GRANULOSA „ 

33 

33 


21. 

33 

OCCULATA „ 

Upper 

38 



Eschaeipora, D’Orb. 




22. 

33 

SUBSTRATA 

33 

33 



23. Eschaeella gatjjdata, R. (‘ Might be united with E , and in 

that case would be the only species occurring as well in the 
Upper as in the Lower Oligocene/—Eom. p. 10). 

24. Eschaeella apfikis, Eom., Upper Oligocene, 

25. „ CELLEPORACEA, You. Miinst. „ „ 


POBELLA, Eom. 

26. „ , MONOPS, Rom., 



PORELLINA, D’Orb. 


27. 

„ DECAMEEON, Rom., 

Lower 

28. 

„ LABIATi „ 

33 

29. 

„ ELBGANS „ 

33 


Ebchabipoea, D'Orb. 


80. 

„ POUOSA, PHll. (?•), 

Upper 


Bibxustea, D’Orb. 


31. 

„ 3OT0SATA, Eom., 

Lower 
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Cell lU^OUA, D’Orb. 

^>2. „ jMAMii.LA'i'A, Phil!., upper Oligocene 

= Bifidq-iora ibid., Pliill. 

„ GEOMKiRiCA, Horn. ('Biliide) 

04. ,, tenkiJjA, Kdm. Upper Oligoceiie. 

35. „ MiLLEruNCTATA, llom. Lovver ", 

30. „ PAi>YLACEA, Upper „ 

Rbtkpuulna, D’Orb. (^Micdtjy^irella? Hiiiclcs). 

37. ,, PBKTUSA Korn. Lower Oligocene, 

38. „ UMBILKIATA, Eom. Upper „ 

39. ,, CAPITATA, „ „ ,, 

40. „ ASrEKELLA, Kss. ,, „ 

Repteschakei.ltna, D’Orb. (Microjjora^ pt. Hincks). 

41. „ TPviGEPS, Kom., Upper Oligocene. 

42. ,, iiECTAxaaLA, llss. „ ,, 

Kkptescjiauelea, D’Orb. (Grfhriliua, pt. Hincks). 

43. ,, AMPUiiLACLA, Hom., Upper Oligocene. 

44. „ COltNUTA, „ „ „ 

45. „ OLOBUiiOSA, (Hildesheim). 

46. „ cocciNEA, libm., Hiinclo. 

47. „ OBNATA, „ 

KErTEPOHELLlNA, D'Orb, 

48. „ PLANA, Horn., Upper Oligocene. 

48. ^' „ BEUA, „ „ „ 

REFIESCHAniPORA, D’Ocb. 

49. ,, TUiSTOAiA, Groldf,, Bunde. 

50. „ TETUASTOMA, Roni, Upper Oligocene. 

51. „ SXJBrUNCTATA, „ „ „ 

52. „ TRIPOBA, ,, „ „ 

Mbmbbanipora, Blainv. 

53. „ SIMPLEX, Rom., Upper Oligocene, 

54. „ ovata, „ „ 

55. ,j Syltana, (Miocene, Isle of Sylt). 

Repxoplustuina, D’Orb. 

56. ,, iHAUiacuLATA, Rom., Upper Oligocene, 

Cellulipoba, D’Orb. 

57. „ ANNULATA, V. Miin., Biinde. 

68. „ <iL0BXJS, Rom., Lower Oligocene. 

OcTMULiPOBA, Von Munster. 

59. ,, PUMroosA, Rom,, „ „ 

’60. „ PABACEA, . „ 5, „ , 

61. „ FAVOSA, „ Upper „ 

Sticiiopoba, Hagenow, 

62. „ FBAGILIS. n n 


UiTNULmos, Lamk. 

63. „ HEMisPEiBRicus, Rom., Lower Oligocene. 

64. „, i>dijTpobi;s, „ „ „ 

66. „ SEHXPLENUS, Rss., „ „ 

1884. 


o 
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EEPORT— 1884. 


66. Ltjjttilites micropoeus, Eom., Upper Oligocene. 

67. 5 , HIPPOCREPIS, L. „ „ 

68. „ PEBFORATUS, Goldf. „ ,, 

Discoflustrella, D’Orb. 

69. „ Haidinoert, Ess. 

(== Cupularia ibid. Ess.) Miocene ? 

70. „ CAMPANULA, Eom., Mioccnc. 

Discoeschaeites, F. a. E. 

71. ,5 MAMiLLATA, Eom., Lowci* Oligooono. 

72. „ IREEGULAEIS, „ Upper „ 


B. Tubuliportdea = Cyclostomiita, Busk. 
Stomatopoea, D’Orb. (? Bronn). 

1. „ MINIMA, Eom., Upper Oligocene. 
Tubulipoea, M,-Edw. 

2. „ TRiFAEiA, Eom., Upper Oligoceue. 

3? „ Pechinata, Goldf., Upper Oligocene. 

Diastopoea, Lamk. 


4. „ DisciFORMis, Goldf., Upper Oligocene. 
Cbisia, M.-Edw. 

5. „ GRACILIS, Eom. „ , 


Horneea (no autbor’s name) 


6. 

5J 

BIPUNCTATA, Eom. 

JJ 

7. 

JJ 

TOETUOSA, „ 

JJ 

8. 

JJ 

NITENS, „ 

JJ 

9, 

J> 

LAMELLOSA, „ 

GRACILIS, Pbill. 

Lower 

10. 

JJ 

Upper 

11. 

12, 

Idmonea, Lmok. (? Lamx.). 

„ BISERUl’A, Rhill. 

„ MINIMA, Rom. 

JJ 

Lower 


Bidiastopora, D’Orb. 




j? 

5? 


J 5 ? DENTATA, Eom. Upper ,, 

MesenteripoPwA, Blainv. 

14. „ CUSPJDATA, „ ,, 

Peripoea, D’Orb. 

1^* VARiABiLis, Gold. (=5; CenpoTa ibid.) Upper Oligocoi 

PUSTULTPORA, Edw. (? Blaiiiv.) = UJntaJopom. 

1^' >» RAMOSA, Eom. Upper Oligocene. 

1^- jj INCEASSA'TA, Rom. „ 

Eschaeites, a. Rom. 


18. 

19. 


20 . 


, 21 - 


)) luaiQUAiiis, Rom., Lower Oligocene. 

„ PTINCTATA, „ 

Chisma, Lonsd. 

„ hetebopoeostjh, Rom. „ ,, 

EchihopoeA, D’Orb. 

„ ' stocAtA „ 
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Myriozoum, Donati. 

2*2, „ LONGiEVUM, Bum., Upper Oligoccne. 

Bi'ITKpora, Lamk. 

23. „ viDiCATA, Goldf. „ „ 

BETKL’OinDioA, D’Orb. 

24. „ GiucruH, Pliill. 

25. 5 , 131 LATERALIS, Bom.; Upper Oligocenc. 

Tlie gencTa and species 18 to 25 have no right to bo placed in this 
group. 


C. Cerioporidea. 


TrPvBiNiA, Miehelin. 

2<3. ,, iNEUNDiRULGiM, Boui., Lowep Oligocenc. 


PMi.A<irA, D’Orb. 

27. „ DEFRANCIANA, Mich. 

Actinopoiia, D’Orb. 

28. 5 , SIMPLEX, Bom. „ „ 

20. ' „ PLANA, „ „ „ 

30. „ MGLTIPORA „ Upper 5, 

S'l’ELLIPORA, D’Orb. 

31. „ TRUNCATA „ „ „ 

Babiopora, D’Orb. 

32. „ TUBUlilFERA ,, 

Pletiiopora, Hagenow. 

33. „ JEQUii'OROSA, Bom. Upper Oligocenc. 

34 „ BREVIS, „ Lower „ 

lIjiiTioiiOPORA, Blainv. 

35. „ punctata, Phill.'sp. (Millepora). 

30. „ (iRAcihW, „ „ (Cellaria), Upper Oligocene. 

37. • „ ? suLCATO-PUNCTATA, Bom., Lower Oligocene. 


38. 

30. 

40. 

41. 

42. 


Ceriopora, Latnck. (?) 

„ SEMINULA, Bom., 

„ LUNULA, „ 

„ INCRASSATA, „ 

„ INEQUALTH, „ 

„ ARBUHCULUH, „ 


99 99 

99 
99 

99 99 

99 99 


Upper 


^ Oligocene Bryozoa from Latdoi'f.’—Stoliczka. 
Oheilostomata.^ 

Cellaria, Lamx, 

1. „ Mtchelini, Ess., ‘Pol. Wiss. Bock.’ p. G1 = Viimdarta 

fragills, Mich. ‘ Icon.’ p. 175. 

2. „ Bbyrichx, Stol., Latdorf. 

Lkprawa, Johnst. 

3. „ Grotrtana, Stol. „ 

4 „ PEBIOULARIS, „ „ 

5, „ MACBOPORA, „ „ 

* With tljis list Stoliczka places as Mdimtopom the Baokam tuliiUfim^ Bss. 
Docs the axithor regard this as a Oyelostomatoiis Polyzoon 2—0, B. T. 
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HEPOiiT—1884. 


MEMDn.wiPOi^A = Flitstrellaria, D’Orb. 

G. ,, IIOBL’STA, E.SS. 

MembraN' lvoiiA = Semifliistrella, D’Orb. 

7. „ Axhaltina, StoL, Latdorf. 

7. ^ Alteolapja Buskt, StoL 

8. Biflustra clathrata, Phill. (as JJJschara) 

9. „ GLABRA „ 

Eschara (= Escharifora, D’Orb.) 

10. „ MORTESIGA, StoL, Latdorf. 

11. „ ORXATISSIMA „ „ 

12. „ CRENGRATA „ 

13. 5 , SUBOVATA „ (= Flustrina, D'Orb.) 

14. „ PULCHRA „ (=:ForelUa, „ ) 

15. „ MONiLiFERA, M.-Bd. (= Fschari;pora, D’Orb.) = E, 

'punctata^ Phill. 

16. „ PROTEUS^ Rss. 

17. „ Eeossi, Stol ? = F. costata, Rss. ‘Pol, W. Bock.’ p, 72. 

18. „ oosciNOPHOEA, Rss. p. 72. 

19. „ POBULOSA, Stol. (= Forina, D’Orb.) 

20. Cellepora globglaeis, Bronn, Rss. ‘ Pol. W. Beck.’ p. 7r>. 

21. Orbitulipora Haidingeri, Stol. 

22. Retepoea Rgbetschi, Rss. ‘ Polyp.’ p. 48. 

,, FASOIATA, Stol. 

23. Stichoporixa Regssi, Stol. 

24. Luxulites sebplana, Rss. 

25. „ LATDORFENSIS, Stol. 

Ctclostomata. 

1. PgSTGLOPORA ATTEXUATA, StoL 

2. „ PULCHELLA, Rss. == OHcopora id., ‘Pol W. Beck,’ p. iO. 

3. „ RETiFEEA, StoL (= Olmisa). 

4. Horxera HiPPOLiTA, Def., Busk, Rss. 

. 5. „ TIETEPORACEA, M.-Ed. 

6. „ VERRUCOSA, Rss., ‘ Zeit. deut. GesclL’ 1851. 

7. „ POEOSA, Stol. 

8. „ GRACILIS, Phill 

9. „ SUBAXSULATA, Phill (aiid = Umiuta, Phill) 

10. „ SEEIATOPOKA, Rss. = Idmouea, D’Orb. 

11. PlLISPARSA TENELLA, Stol 

12. Idaioxea fojuminosa, Rss. = Grmna. 

13. „ Giebeli, Stol = Tuhigeva, 

14. „ BELiCATULA, Busk „ Crag Polyzoa. 

15. „ TENUISULCA, RsS. „ 

16. „ Hgrxesi, Stol „ 

17. Domopora prolipera, Rss. sp. ‘ Pol’ p. 37. 

18. Payotudigera Axhaltixa, Stol 

19. Heteropora similis, Stol. 

‘ Tertiary Bryozoa of N. W. Germany.’—Phillipi. 

1. Oellaria hexagoxa, V. M, r= Qlauconom ibid. 

2, TETEAGOXA, „ 
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3. Cei.larijV 

marginata, Y. M. = Glauconome. 


RHOMBIKEKA, „ = „ 

O. ,, 

GRACiLrs, Phiilipi. 

C. Eschaea 

(UjABra, Phill., allied to 

Oa. „ 

TJORETUISCItIL\, I^hill. 

„ 

PUNCTATA, „ 

a 

POROSA, „ 


CliATIIRATA, „ 

10. „ 

mPLOSTOMA, „ 

11. 

CELLEPORAOEA, Goldf. 


12. DfsoOPOKA CIRGUMCINOTA, Pliill. {Leprdia^ Johiisfc.). 

13. RlilTKPOIlA CELl.ULOi^A, Laiuk. 

14 MiiJ^iorORA TUUNCATA, = Myrlopoia^ Blaiav. 

15, LrAUJLiTES RADiATA, Lamk. 

Cyclostomata. 

1. liOTlNEUA GRACILIS, Phill. 

2 „ iMSKRiATA, „ (see Stoliczka). 

3. „ SCIJANNITLATA, Phill. 

4 Cerioi’Oka VARjABrus, Qoldf. 

5. „ STELLATA, ,, 

(). „ SPIRALIS, ,, 

7. „ MINITTA, „ 

‘ Bryozoa of the IsTeozoic Period, New Zealand.’—Rev. J. B. T. Woods, 

P.G.S. 

As I have given a very fall list of the Biyozoa from Ansti^alia when 
dealing with the Papers of Mr. A. W. Waters, I need only give the fol¬ 
lowing list, without the elaborate but valuable details of Mr. Woods. 
I think, however, that it would be unfair to the author not to give his 
views as to the horizon of the species. 

Chbilostomata. 

Esciiara, Ray. 

1 . „ MuNiLLFERA, M.-Ed. Miocene or Upper Eocene. 

2. „ AMPLA, T, Woods. Oamaxxsu „ „ 

d* ,, Buskii, ,, „ „ ,, 

PoRiNA, D’Orb., 1852. 

4 „ Dibefrnbachiana, StoK 

Oellbpobakia, Lamx., 1821 = Oelhpora, Busk. 

5. „ OAMBiRRKNSis, T. Woods. Upper Eocene. 

C. „ PAPiLLOSA, T, Woods. Napier. Upper Eocene. 

7. „ HUMMULARIA, Busk. 

Salicornaria, Cuvier. 

8 . „ IMMJKRSA, T. Woods. 

ViNCULAFJA, Defr., 1829. 

9. „ MAORICA, StoL 
OBLLARiAjBll and StoL, 1787. 

10. „ PUNCTATA, T. Woods. 

SnLBNARi.i, Busk, 1852. 

IL „ SQUAMOSA, T, Wood. Upper Miocene, 
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REPOET—1884, 


Cyclostomata. 
ENTALOPHOliA, Lamx,, 1821. 

1. „ ZEALANDICA, MantelL 

2. „ KODOSA, T. Woods. 

SpiropobixAj Stol. 

8. „ VERTEBRALIS, T. Woods. 

4. J, IMMERSA, ,, 

Fuxgella, Hag. 

5. „ EOEATA, T. Woods. 
Idmoxea, Lamx., 1821. 

6 . 5 , ALTERNATA. 

7. Fasgiculu’ORa ixteembdia, T. Woods. 

8. „ 3iAMOSA, ? „ 


‘A Synopsis of tlie known Species of Australian Tertiary Polys^oa.’— 
Robert Etheridge, jun. 

Previous to the publication of Mr. Waters’s papers on Australian 
Polyzoa, Mr. Etheridge wrote the Synopsis now under review. It was 
read before the Royal Society of Kew South Wales in 1877, and I think that 
it would be unwise to pass it over. Much of the information is embodied 
in the fuller papers of Mr. Waters. The paper is especially valuable on 
account of the bibliography; hut as the new species, <fcc., are embodied 
from the MS. notes of Mr. Busk, many of these have been disregarded by 
Mr. Waters. Mr. Busk’s notes were published in the ‘ Quart. Jour. Geol. 
Soc.’ 1S63. I give the list from Mr. Etheridge. 


1 . 

2 , 

i 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19, 

20 . 
21 . 


Cheilostomata, 

Oanda akgxjlata, Busk. 

Onchopoea pustulosa. Busk (MS.) 

„ VERTEBEALIS, StoHczka.^ 

Salioornaeia gracilis, Busk, 

„ Parkeri, „ (MS.) 

„ siXEOSA, Hassell. 

„ TEXEIEOSTRIS, Busk. 

Cabeeea LATA, Busk. 

Cellepora costata, Busk (MS.) 

„ ECHINATA, Sturt. 

„ GAMBIERENSIS, Busk (MS.) ^EscJiara cellepormea, Sturt, 

„ HEHiSPHJiRicA, „ „ == Gellejoom escharoidm^ „ 

„ SPOSTGIOSA, „ 

„ TUBULOSA, „ 

CcELESCHARA AUSTRALIS, Busk (MS. gGUus and sp.) 

Eschara ARctJTA, Busk (MS.) 

„ BIMARGmATA, Busk (MS.) 

„ HASTIGERA, „ „ 

„ IRORRATA, „ „ 

„ OOULATA, „ „ 

„ PAPILLATA, „ „ 


* Stol., Mr. Busk considers to be, according to this list, a Oheilosto- 

matoas and not a Cyclostomatons form. See Wood’s list Ho 3, Oyolos, 
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oo 

Esciiara 

nuiFOiiMiB, Sturt. 

28. 

» 

BIMIM.KX, Busk (MS.) 

sp. imi, Woods’ ‘ Geol. Observations.’ 

24. 

>> 

2r>. 

99 

sp. ind., Start. 

2G. 

99 

rAViiBKOSA, T, Wood, from ‘Roy. Soc. N.S.W.’ vol, 
1877. 

27, 

99 

rcmiiFOTA, T. Wood. Mount Gambier. 

28. 

>J 

ChAUKFl, „ 

20. 

99 

VERRIH’OHA, „ 

30. 

J> 

Rustica, „ 

31. 

99 

ELKVATA, „ (? = monolifora^ Busk). 

32. 

99 

LlVlOKSlDGKI, T. Wood. 

S3. 

99 

OCUl/ATA, T, Wood. 

34. 

99 

Tati'U, ,, 

BuSKll, „ 

3r>. 

99 


i> 6 . Luvralia DOiiiFORMis, Ijnsk (MS.) 

37. „ Stawki.i.hnsis, M'Coy. 

38, „ MUBCAiuNATA, Busk (MS.) 

3‘J. „ SUBMARfllNATA, Busk (MS.) 

40. LimiruTES, sp. ind., T. Woods. 

41. MkM'.CEBITA ANOBSTIIiABHA, Btisk (MS.) 

42. Mhmdkanu’OKa ArruEssA, Bnsk (MS.) 


43. 

44. 
40. 
4G. 

47. 

48. 

49. 

50. 

51. 

52. 


?> 
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IJTDKNW, HagenovY. 

OYOLors, Bask. 

STKKOSTOMA, Bask. 

PsiLESCnARA PUSTULOSA, Btislc (germs and sp. MS.) 

„ SUIJSIILCATA, „ (MS.) 

Retepora piSTioHAj Start. 

M.‘CoYr, R. Ether. Jan. 

MONIMKERA, McGiL* 

ViBiGATA, Sturt (non Goldfuss) ? = 12. JBeaniana, King. 
ScuTULARiA PRIMA, Busk (geiius and sp. MS.). 


99 

99 


CyCIiOSTOMATA. 

1* Oeisia khuenka, .linn, ‘ Only one species has as yet keen noted 
from tlto Australian Tertiaries * (B. Etheridge). * I have 
several species from the Yarra Yarra material ’ (G. R.V.) 

2. Hobkeea gambiehekbis, Busk. 

3. • „ BUGUhGSA, „ 

4. Idmonjsa McmxrATA, Busk. MS. 

1). „ Miekkakwa, D*Orb. 

ENTALornoM ulstanb, Busk (Pastuloponh Eth.) 

7. ITOULATA, Woods, 

8. „ COKEirGATA, „ 

9. TuBUHroEA GATOiBBKNSiH. (Mounfc GamHor. Ko author's 

Mr\ George Busk, , , 

It seems to mo to be almost oat of place to make any elaborate,/^marfcs 
of the place ■which the masterly work of Mr. Bask, ‘ Fossil Polyzoa of the 
Crag,* occupies in the literary history of the Polyzoa as a distinct group. 
In this work the author not only described and figured all the then known 
Polyssoa from the Crag, but we owe to him the elaborate synopsis of tlm 
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Cheilostomata and Cyclostomata wliicli prefaces the two groups of fossil 
forms. Ill addition to this we have another, a preface which deals wiUjs 
morphological details, which have been, and always will bo, of snpremr 
advantage to the Palceontological student. I think that, it may bo sail I 
that the publication of this work inaugurated an epoch out of which later 
writers have emerged with difficulty. The work, however, of Mr. Busk 
dealt only with superficial details, and hut very rarely with structure. 
It may be said, however, that the authors who gave to ns the olaboraie 
monographs which this report fully indicates by the lists given, dealt only 
with superficial characters ; and it was reserved for later writers to di'al 
with and interpret the meaning of tissue and structure of the fossil by the 
study of living species. Hence the publication of the works of Mons. 
Joliet, Glaparede, Hitsche, Bairois, and others, has given a now direction 
of thought in the study of fossil forms ; and, so far as superficial character 
can possibly indicate the relative positions species should occupy in a 
natural ^ouping, the cell and the cell-orifice furnish ns witli details only 
dimly visible to authors who wrote previous to Professor Smitt, Mr. 
A, W. Waters and also Hev. T. Hincks. I have given to ilio student iii 
the first part of this Report ample material by which Busk and others can 
be brought into harmony with the more modern classification. It is be¬ 
cause of this that I had no desii’e to alter the text. 


‘ A Monograph of the Fossil Polyzoa of the Crag.’ By George Busk, 
F.R.S., <&c., 1859. 

Sub-Order 1. Cheilostomata. 

SoRUPOCELLARiA, Van Ben., p. 19. 

n SCRUPOSA ? Linn., pi. i. fig. 6, p. 19. 

Salicorxaria, Cuvier. 

CRASSA, S. Wood (as Gellwria)^ pi. xxi. fig. 4-6. 

J5 sixuosA, Hassall (as Farcimia), „ fig. 5. 
Hippothoa, Lamx. 

” PATAGONiCA, Busk, pi. i. fig. 5 = Atoo vesiculosa (?)f 
Jilicn. ^ ^ 

5. Hippothoa absteesa, S.W., pi. xxii. fig. Q>=Levralm ibid. S.W. 

= Onser^ta fyriformis (?), Mich. 

6. Hippothoa dehtata, S.W., pi. i. fig. ? = Catenaria ibid. S.W. 
Aetsihota, Busk = Phjlactella, Hincks. 

7. „ LABEOSA, BMk, pi. xxii. fig. 7 = Lepmlia ibid. iJnsk. 

• „ cateha, S.W., pi. vii. fig. 7 = Lepralia ibid. S.W. 

Membrakipora, Blaiuv. 

(?) Bose, pi. ii. fig. 

j^ibid. Bose = F. m&mbramcea, Espor = F. erassUentata, Lamk. 

A , to® {?), D Orb. = Memb, nohhs (?), Reuss. ^ 

la.'lftaBEANipbBA DHBii, Bosk, pi. iii. fig. 12. 

1|- „ TEIFOLITO, s. Wood, pi. iii'. figs. 1, 2, 8, 9. 

PooiEEBTit, Aud., pi. iii figs. 4, 5, 6 (as Fliistra 


ibid. And.). 
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Ifn flYNniutA (Busk), pi. lii. ikj;. 7 = If. irlfolium 

(y%-ar;KS. W. 

B;, Mi:miu:,akU’«‘UA Ari.inA, Husk, pi. iii. (iM\ 1:>. 

17, „ uhMAiiA, Husk, pi. ii. 11^* Jk 

IH, », !nM!N‘^\ Hn<i;<‘iu)vv, pi. ii. ih^, -t = (M/rpoju ibid. 

Jiug. -- fn\ (r), llss. 

19. Mi-IMHUANiroliA AMU'XiAVHNF!.^, |ll. ii. Ti =: Vit^rhlUt, ibid. 

M ichn 

20. i'ifl-]MIIUAKn<UU MSStUATA, Busk (Hd p. :'r>. 

21. „ Ui'i’.AN*!, i)'t>i‘lh, pi. iii, ii^'. S = IWhanAH {Culh^pora 

ibid.), HH)rb. 

22. MKMiujANii'dKA hmsmsthma, H. W., pi. iii. tig. 11 (u.s F/nWAMbid.), 

S. W. 

liKl'UAr.iA, doluisf. (Husk gives, p. :17, Ki RynonyrnoiiB genera fox' 

ibtx <d<l lii^pruriiu) 

1, AiiMAr.K. 

fa) W'dli aral .'iju'iics'. 

22, liKfUAl.tA I’rxijTATA, Hassnll, pi. iv. figA i. 

24, „ JNKO\iiNAlA, C’nuob, ]d. iv. fig. 2. 

2r>. „ !U!NnruAiA, H. W., pi. yi. fjg. 2. 

20. „ WdOtUAxn, Hu.sk, pb vii. figs. I-41. 

27. „ VaiufATA, Himi.t pi. vii. lig. 0 (? ifAVupm’/dk, Hiiicks) 

M OiiU'pimi (*mi!lahHs\ Hss. 

28. „ IMcmKisfANA, Busk, pi. vii. fig. 8 =: C.vlUpom Uhimuct (?)> 

Gobi!. 

(//) Wl(hi*ut ornl 

21). Iii-UMlAi^fA YiOLAi'KA, Joliiist-., pi ^s^ fig. (Micropordla, Hincks). 

IjO. „ I'li.Miioi'uiiA, Bunk, pi i\% fig. ^^zsCelUpom IlecMu (r 

Hss.). Naiuo Htipprosscd by Busk. 

31. „ Eu\VAi{i»siAKA, Busk, j)l V. fig'. 2 s=s Tm Mlhimna^ Bask s= 

Edwiwhmua^ ‘Gmg Polyssoa/ p, 132. 

32. „ i'NUiouNls, 4obii.st,, pi. iv. fig. 4 =: Gellepora tdragona^ 

33. 5 , A’NSATA, .TubtiHi,, pi vii. fig. 2 ss (Mlepom Dumm, .ass. 

« t\ pfnfnkrnuH (?), Kss. 

34 „ BKOKO.viAirri, Aud., pi vi. fig. i* 

SIS. „ MAMII.UTA, 8. W., pi vi. fig. (an Cdkpora). 

36. „ BICOUNlH, Bunk, pi viil figs. 6, 7» ^ , 

37. „ ?BtAPisi{TA, Midi., pi vii fig. 5 s= ibid., Micd^ 

leoiu 

II IXAUMA'W:. 

(a) Wdli tmilqylnm* 

38. Lehulia VA:aiOLOSA, Jobusi., pi iv. fig. 4, 8; pi viil %. 8. 

39. „ PsAOHn, dbbusi;., pi v. figs. i\ 7, B; pi vi. fig. 4. 

40. „ vEMiucoKA, Hassall, pi vi. figs. 3, 0, 8. 

41. „ BowEBBANKrANA, Busk, pi vii. fig. 4. 

42. „ LOBATA, Btxsk, pi vi. fig. 7 ; pi xxil fig. 4 

(b) WithouH itral np'lms, 

43. LEPiiALJA BVBimMrs, S. W., pi v. fig. 3. 

44 „ iiYALtNA, Lima., pi v. fig* 1 (Odlepora ibid., Litrn.). 
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45. Lepralia. PAPiLLATA, Busk, pi. V. f. 5. 

46. „ Hataibseana, Busk, pi. viii. fig. 1. 

47. „ Mallesit, Aud. (Bsckara), pi. viii. fig. 3. 

48. „ Eeusstaka, Busk, pi. viii. fig. 2. 

40. „ IjN'fuxdibulata, Busk, pi. viii. fig. 4. 

50. „ Pallasiana, Moll., pi. ix. fig. 7. 

51. „ HEGASTOMA, Busk, pi. viii. fig. 5. 

52. 5 , MiLNEAm, Busk (See ‘Crag Pol.,’ p. 132) = L, Ed* 

wardsiana^ Busk, IsTo. 31 above. 

Cellepora (pars), 0. Fab. 1780. 

(a) Bamose, not encrusting, 

53. Cellepora coronopus, S.Wood, pi. is. figs. 1-3 = Scypliki ccllulosa ? 

Goldf. 

54. „ TEUiULOSA, Linn., pi. is. fig. 2. 

55. „ COMPEESSA, Busk, pi. is. fig. 4. 

56. „ c^SPiTOSA, Busk, pi. is. fig, 5. 

(h) Encrusting^ adnate, massive. 

57. „ EDAX, Busk, pi, is. fig. G; pi. xxii. fig. 3. 

58. „ TUBIGEEA, Busk, pi. ix. fig. 8-10. 

59. „ SCRUPOSA, Busk, „ „ 9. 

60. ,, PARASITICA, Mick., „ „ 11-13. 

61. „ leetata, Busk, pi. ix. fig. 12. 

Eschara, Bay. (a) Eoliaceous, 

62. „ pertusa, M.-Edw., pi, x. fig. 2. 

63. „ ixciSA, „ „ „ 3. 

64. „ POROSA, „ pi. xi. fig. 4. 

65. „ sixrosA, Busk, pi. x. fig. 6. 

66. „ CORXUTA, „ pi. iv. fig.' 7 ; pi. x. fig. 5. 

(5) Lobate or ramose, 

67. „ Sedgwickii, M.-Edw., pi. x. fig. 1. 

68 . „ AIOXILIFERA, „ pi. si. figs. 1-23. 

69. „ SOCIALIS, Busk, p. 131, pi. xxii. fig. 1. 

Melioeeita, M.-Edw. 

70. ^ ^ „ CHAELEswoETin, M.-Edw., pi. X. fig. 4 = MeUariina^ 
ibid., Ebrenb. = Ulidium ibid., S. Wood. 

Biplgstra, D’Orb. 

71. „ DELICATULA, Busk, pL i. figs. 2 and 4; pi. ii. fig. 7. 

72. Flustra ? DPEiA, Busk, p. 132, pi. i. fig. 3. 

Betepora, Imp. 

73. „ CELLULOSA, Linn., pi. sii. figs. 1-7. 

74. „ Bbaniana, Xing, „ figs. 2,5 , 6, 7. 

75. „ XOTOPACHYS, Busk, „ fig. 4. 

76. „ SIMPLEX, „ „ fig. 3. 

Hemeschara, Busk = Semiesckara^ Semiescliaripora, MulUBBoharU 
^ pom, all D’Orb. 

77. Hbheschara imbellis, Busk, pL iv. fig, 6;; pL %, fig. 7 « MsBlmm 

p6r^f^^5a (?), Miob, * . o 
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Family VIT. Busk. Group Llbnrcc. 

Sin-iCNAliin.il, Busk, = hWMamhv^ B’Orb; JJvhjpfi^rs fominwos^ 

Jjamk.; Vdhirhvtt, {\y,ivH) Hiainw; (pars) Lamx.; Asteru^ 

(lii^yhni^ Lonsd.—1)1x011, ‘‘Goo. of Sussex.' 

‘ Zoiinmi free {?), orbicular or irregular, conical, or depressed, convex 
on one side, and phuu^ oi’ (Mmcave on iho other; composed of a single 
layer of coils, nsnally of two kinds, which open on the convex surface 
only.’—* Crag Pulyzoa,’ p. 78. 

This family ^Ir. Busk (‘omnioiits upon very fully in tho above work, 
and as lie has had many more facilities of studying tho group than I can 
over hop(^ to have, 1 gladly refer Gio student to the pages of tho * Crag 
Polyzoa’ for tho general remarks. Tho following is tho synopsis of 
genera and also a full list of known fossil species below the Crag, which 
will bo, I feci confident, acceptable to students who have not access to the 
autlior's works. 

Synopsis of genera (four admitted). 

1 . CuruuiUA, Lamx. 

(a) 34ich <}ell with a vibracular chamber at its apex or distal 
extremity. 

2 . LuNui.rrns, Bainx. 

(It) The cells and vibracular chambers disposed or separate, 
usually alitnmato rows radiating from tho centre. 

3. Sr.f/KNAiUA, Busk. 

(r) Certain of the cells of a did’oront conformation to tho rest, 
lurniBhcd with a vibraculuin. 

STienoroEA, Hagenow. 

((/) No apparent vibracular chambers distinct from ilio true 
coll 

4 GoKKScnAnKiimKA, D’Orb. 

(r) Yibracuia replaijcd by small aviculaxna; month of cell 
circular. 


CnmitKorB genera and species. 

Selenauia cokica, WOrlh ^ ibid. Befr. 

Stiohopoka eiitri-iATA, itagmmw. 
OlirULAmAMuNSTKKI, „ 

LlTNTJUlTES mHA, B’Orb* 

IXOSAOEA, „ 
x^KTALoruES, D*Orb. 

BiaiatjMms, 

PAmAOEA, „ 

TOBKKCULATA, ,, 
onmoBA (f Dofmneo) 

(PD’Orb). 


BuKuriiTES BouiKiicoisir, D’Orb* 

„ noMA, „ 

,, eiYW'UFOEMlS, „ 

Haukkowi, Bosqnet. 
Gohurussi, Hagenow. 
mniA, „ 

SEMirmNAlUS, „ 

HWnALlS, n 


?7 

77 

77 

77 

71 


Eoce'ne. 

Ciit>tir,AniA BHOMBOioAiiis, MUnstor. 
„ HAlDINQEBt, lloaBS. 

LireuraTES uuckolata, Iiamk. 

(non Goldf., Iiamx.). 

» 


RADIATA, 


IiWUMTEs coNXioiTA, Lonsdalo. 
niSl'ANS, „ 
SEXAKaUIiA, „ 


7? 

ff 
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!^•^IOCE2^E, or more recent than Eocene. 

OorrLAKiA DENTicuLATA, Conrad. 

INTERMEDIA, Micliellotti. 

5 , UMBELLATA, Defrance 

,, Yanderbeckei, Mich. 

Lenulites Androsaces, jViichellotti. 

„ CUYIERI, Defrance. 

„ CONIGA, „ ‘Crag.’ 

„ PUNCTATA, Leymerie. 

Doubtful forms; uncertain as to position or genus: — 

Lunulites spoxgta, Mori-en. 

,, Ducloisia, Lea; Claiborne, Alabama. 

55 BOTJEI, ,5 ,, ,5 

5 , DEPRESSA (?), Conrad. 

,5 PiNEA (?), Risso ; Defrance. 

5 , QUiNCUNCiALis, Dujardin. 

Only two of the four genera admitted by Mr. Busk are represented in 
the Crag. 

(Crag Polyzoa—continued.) 

CuPULAEiA, Lamx. = Lunulites (pars), Defr., Goldf., Blainville, 
Lonsdale, Deslongchamps = smTalis. Haff., Geinitz., 

Grand., p. 623. ^ ^ . 

78. CUPULARIA benticulata, Conrad, ‘ Crag P.’ pi siii. fig. 1. 

79. „ CANARIENSIS, Busk, pi. xiii, fig. 2. 

80. „ porosa, „ „ „ 5. 

Lunulites, Lamx. 

>5 CONICA, Defrance, pi. xiii. fig. 4 ^ var. a, dep'essa = 
L. urceolata^ Goldf. 


Sub-Order II. Cyclostomata. 

Ceisia, Lamx. 

5 , denticulata (?), Lamk. sp., pi. i. fig, 8 = 
Lamk. 


: Gellaria ibid. 


Hoeneea, Lamx. 

5 , INEUNBIBULATA, Busk, pi. xiv. fig. 1. 

„ RETEPORACEA, Milne-Ed., „ „ 2. 

„ GANALICULATA, Busk, „ „ 3. 

n khipis, „ „ ,, 4. 

„ HUMILIS, „ „ figs. 5-6. 

,5 PEETUSA, „ „ %. 7. 

„ HIPPOLYTA (?), Defr., „ figs. 8-0. 

„ LUNATA, Busk, pi. XTl. fig. 4. 

„ PEOKDICULATA, Lamx., pi. XV. figs. 1-2; pi. xvi. fio-. 0 

„ STRIATA, M,-Ed., pi. XV. fig. 3 ; pi. xvi. fig. 5. ^ 

„ RHOMBOIDALIS, Busk, pi. XV. fig. 4. 

Ibhonea, Lamx. 

” ^ > pi- fig- 3 = 

cava ibid. D’Orb. 



ON FOSSIL 1>0LT7,0A. 


205 


14. I'KXf-siijATA, Bask, pi. x\r. fig. C>. 

15. Pi'.uoATrr.A, „ „ „ H. 

10. „ fNTR!l'A!iI\, „ „ „ 7. 

Pt'hTci.oi’tajA, Blainv. 

17. 11 ^ tnAVA’PA, Busk, pi. xvii. fig. 1 = P. gmcilh, Milnc-Ecl. 

=5 i\ rrhhutfft, R{\n\i)V ^ ItJnlalopliom livcam^ D’Orb. 

18, PtM'MAH'ORA J'ARMATA, Busk, pi. Xviit. fig. 2. 

10. n srnvRETH'iLLATA, Busk, pi. xviii. fig. 1. 

l\ri;si:\!'r.Rn‘oii\, 

20. ,, ^ MIUNUIUKA, S. W., pi. xvii. fig. 2; pL xviii. fig. 4; 

pL XX. fig. 2 =s:P/a«%)(;'mibi(l., Wo()d===P. M.-Edw. 

= Ditirym eonrpmm, Goldfi, I lag. = Meso7ile'npora 'uaocomiensls 

(?), iroH). 

Trm;riii‘onA, Lamk. 

21. ,1 rir.\LAX{n';A, Coiicli, pi. xviii. fig. G. 

22. FLAHKLr.Aiiis (P), Fal). sp., pi. xviii. fig. 3 ; pi. xx. fig. 9 
= DIasfopara rtfftanutvuHh, D’Otb, = D. plmnula^ Ilss, 

Ai.i'MJTo, lijunx. 

23. „ UKRKNS, 8. Wood, pi. XX. figs. 5-8 = Mmonea minosa. 
D’Orb. 

24. Alrotu IIII.ATANS, W. Thomsoti, pi. xx. tigs. 6-7 = Diadopom 

echiiKiia^ Ess. =: Mmouea divarkata, depressa, Cenomana, elegms^ 
WOi\x 

Diastoih)UA {Diadipom dwples, M.-Bd.), 

25* „ HiMvua, Busk, pi. xx. fig. 10. 

Patiskrla, Gray. 

26. rROLiGKUA, Busk, pi. xix. fig. 1 j pi. xx. fig. 3. 
Bisi^orourjUiA, Gray. 

27. iiisruu, Joknsi (?)♦ pi. xviii* fig. 5. 

28* „ (UUUNONMNSis (?), M.-Ed., pi. XX. fig. 4. 

T)i!KitAN(:iA, Bronii. 

29* M STiUATi?LA, Busk, pk xvii. fig. 5 ? s=: P. MicJiclmi% Hag, 

s=s Crotaccous (kr/opom duuhma^ Goldf. » Crotaoeous P. 
vmH'iy M.-Kdw. 

BuxoiuuiA, Hagtmow* 

30. „ QUADKIORRS, Busk, pk xvii. fig. 3. 

31* MiJi/riFiDA, „ „ „ 4s:r.Fro7idipomMursnii% 

Mich. 

32. Funorlu iNFtJNJUHUf^ATA, Busk, pk xvu. fig. G. 

Hktrropoiu, Blainv* 

33* „ pusTtjLOSA, Busk, pk XX. fig. 1; pi. xix. fig. 6 = 

? If, ioHllk, 'homd.ips^'iMultizonopm ramosa, D’Orb. = ?J3r. 
intrknfa, Mich. =: f Enialoplwra megidaris^ D’Orb. 

34* HKTKHorouA olayata, Goldf* sp., pk xix. fig. 7 = Oeriopora clamia^ 
Goldf. « HeterapoTOL anomolopom, Ess. = Geriopom ilieleoidectf ? 
Hag. 

3.5* Hia’REoroRA EFTiooLATA, Busk; BO fig »: Omopora diclioioma, Goldf* 
ass TMeropom dkMknnc^t Hag. 
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36. HmBorOR-V i.^EvraATA, Bask (D’Orb. sp.), pi. xix. fig. 5 = Oerw-- 

pora diclioi. Goldf. = Zonopora lis'oujata, WOvh. = Miilthonnpora 
ligeriensisj D'Orb. 

H]rn:KOPORj:LLA, Busk = Jlepto77iuUicava (?), D’Orb. 

37. „ liABiATA, Busk, pi. xix. fig. 2. 

38. 5 , PARASITICA, „ pi. xxii. fig. 5. 

TmoNOEDEiE, Busk. 

* Zoarium massive, sub^lobose, or irregular; cells contiguous, crowded.’ 
—Busk, ‘ 0. P.' p. 127. 

Alypolauia, Busk. 

39. ,, >si:mioyata, Busk, pi. xix. fig. 4; pi. xxi. fig. 3, section 
= BliomenhacIiLum, Sowerby. 

Fasoicclaria, Milne-Ed. = Theonoa (sp.), S. Wood; Mcaiidripora, 
D’Orb.; Apsendesia, (pars) Blainv. 

40. FasoioL’LAHia 'ruciPOBA, Busk, pi. xxi. fig. 1. 

41. „ AURANTiUM, M.-Bd., pi. xxi. fig. 2 = Apsendesia cpre- 
hn/orniis?, Blainv. 

* Bryozoa (Polyzoa) from tke Pliocene of Bruccoli (Sicily).’ 

Tbe following list of species is compiled from one of the earliest and 
most important papers of Mr. A. W. Waters, as publisked in tbo Trans¬ 
actions of the Maudiester Geological Society, vol. xiv. p. 465, read May 
1878. In it Mr. Waters describes—some of which are figured—43 species 
of Polyzoa, and besides the synonyms he has given some account of their 
range in space and time. As the geological horizons of the Pliocene beds 
are almost or about the same horizon as our own English Crags, I look 
upon Mr. Waters’s paper as a fit sequel to that of the work of Mr. Busk. 
I have not generally made any special point of dealing with the history or 
sequence of the geological horizons in which Polyzoa have been found, 
but it may perhaps he well just to give the section, as furnished by Dr. 
Fuchs, of these peculiar beds. They are given in descending order ; — 

(a) Upper Pliocene sand, gi-avels and limestone, Foss.: Centhhim 
C. scahnm, Murex tnincalus, liissoa, Turho, Trochiis^ 
Monodonfa, Osirea. 

(h^ Yellow sands without fossils. 

(c) Blue marl, Bacclnum seimsirlafnm, Bentallum elephmtiiimU) Ac. 

(d) Bryozoa beds, Corals, Brachiopoda, Fecten ojocratUarJSy 

From the works of Seguenza it seems that the Bryozoa described liy 
Manzoni firom Sicily and Calabria, are also Lower Pliocene, i, have 
given the original arrangement of Mr. Waters, and as the work was com¬ 
pleted before the publication of Mr. Hincks’s work, I have been more 
desirous to give Mr. Waters’s opinion of the fossils rather than the mere 
identification and range of his species. 

Gheilostomata, • 

1. Salicobnabia BAECiMmoipis, Ell. & Sol. ==:g. sinmsa, Hassallj 
Yimulana and Gellaria marginata, Goldf,, 

Range from Bartonian: Up. Eocene, North Italy; Oligocene, North 
Germany; Miocene, Austria-Hungary. Pliocene; Italy—common in 
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Sicilj, al)oai 30 localities. Coralline Crag, England. Recent: gcncmlly 
distributed. Characters vary. 

2. MRMBn\NiP 0 iiA BIDENS, Hagenow=OfiZZ^^po^^ hlpiwcrepls, Reuss ? 

j)/. HosspIU^ Manz, ‘ 4th Contr.* 

Range from Maostriclit: Up. Miocene, Aust. t't Unng., English Crao*. 
2<f. M. TjACRorxn, Sav.: Miocene, Aust. and Hung, dir, SavarUi, 
allied, from Eng. Crag. 

3. M. ANDKOAVENSis, Midi., var. papyracea, Waters (fig. 3, plate), 

Bruccoli. 

4. M. ANGITLOSA, RsS. 

Range from Bartonian: Miocene; Pliocene ; Living, Mediterranean* 

‘ There are probably a number of species which should bo reduced to 
synonyms of this form, and it should be noticed that in the Chalk there 
are several so-called Escharm described, which have cells like the above, 
but which would now be called Biflustra.’—Waters. Even the name 
Biflustra is now become obsolete. 

7), IjEliLMiTA OiiiTATA, Pali.=C'e7Zepo?*a crenihibris, Rss. 

Range from Miocene: Pliocene. Living, widely distributed (fig. 
2, plate). 

0. L. MoiiiusiANA, Busk. 

Range from Pliocene : Cor. Crag; Leghorn ; (jManzoni, ‘ 2nd Con- 
trib.’). Allied sp., L, ])hnTr}^ora^ mawcewa ?, Rss. 

7. LEPUAr/iA TUiiGARis, Moll. (fig. 22, plate) :=iQdli^>om olo^^Uora^ Rss. 

Lepralm id., Rss, ? £. iumida, Manz. L. intermedia^ Rss. 
Range from Miocene; Aust. and Hnng.; Oligoceue. Vai'ioties; Pliocene, 
Castrocaro ; Living: Madeira; Mediterranean. 

8. L. cooomEA, Aud.=Z/, BaMn, Johnst. Miocene of Bisenstadt 

(Hungary), Pliocene. Living. 

0, L. iNNOMLNATA, Couch. Pliocene: rare at Castrocaro; Crag; 
Quaternary, A. W. W, 

10. L. AiiRKOTA, Rss.; Cdlepora id., and Lepralia id., Rss. Miocene: 

Eisonstadt. 

11. L. AHSATA, Johnst., var. porosa, Bss.ssLcp. unlcorui% ‘ Oi'ag Pol." 

Oboroligooono of Doburg; Miocene, Aust. and Hung., Crag (as 
unicorms). 

12. L, AuurotJLATA, Hass. One spocimen, BruccoH. 

13. L, „ var. Leonimivnsk^ Waters, (fig, 5, plate), Bruccoli, 

14. L. ouinriiATA, Manz. (fig. 6, plate), ‘3rd Contribution.’ Miocene, 

Pliocene. Living. 

15. L. Bowfebankii, Busk, ‘ Crag Pol.; ’ Manzoni, ‘ IvSt Contr." Coral. 

Crag, Eng. and North Italy. 

16. L. KRSiJiHNATA, Mauzoni (fig. 7, plate). Pliocene, Castrocaro. 

17. L. SOJOTTA, Ess. =sl/. meqacephala, Rss. Miocene, Hungary; 

pliocene, Tuscany and Sicily. Living. 

18. L. Pabrasiaka, Moll. 

^ Probably several fossil species are-L. Pallasima, which have received 
other rtames/—^A. W* W. Known range, 0. Crag, Sicily. 

19. OntiUijrom coBONOrus, S. Wood. Pliocene, 0, Crag. Living. 
,.,20. 0* roBiGBEA, Busk (figs. 20, 21, plate). Pliocene. Living, Brit. 

and Poreign Coasts, Mediterranean. 
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21. C. PuV^iULOSA, Linn. Pliocene, Cor. Crag. Living: Scandinavia; 

Naples, 40 fathoms, 

22. HirpOTHOA CATENULARiA, Jameson. Pliocene. Living. 

28. Eschaea lunaeis, Waters (fig. 9, plate), }3rnccoli. 

^ I believe that it is the same as Forina lahiatit, Rom. The name is 
given from the semilunar pore, which occurs frequently in Lepralia^ btit 
there are a few Escharm with it. This would be called ForelUua ciliatco 
by Smitt.*—Waters. Pliocene. Living: Naples, 40 fatli. 

24, Eschaea ceevicoenis, Ell. and Sol. Pliocene. Living. 

25. E. eiapeeta, Mich., forma Fsoliariformis^ Wat. (fig. 8, plate), 

Brnccoli. 

2G. E. PEETUSA, M.-Ed. (fig. 4, plate). Miocene, Doue. Pliocene: 
Crag. 

27. E. FOLiAGEA, Lam., var./tesc/aZ/V, Waters. Pliocene. 

28. Biflustea eVxVCHota, Waters (fig. 1, plate), Bruccoli. 

29. Retepoea ceelulosa, Linn. Miocene, Pliocene. Living, ‘ having a 

wide range.’ 

50. Ma’Eiozoon tPvUKCatum, Pail.=Fa^inopom polystigma, Rss. Myrio- 

zoon ptinctatiiw, Rss. Miocene (as pimcfatum), Reuss.; Pliocene, 
Manzoni. Living, Mediterranean, com. 

51. CuPUEAE[A Reussiaea, MsLnzoni^Cnpularia doma, D’Orh. 

Cyclostmnata, 

32. Diastopoea teabelium, Rss.=:P. simplex, Busk (non D’Orb.). 
Miocene, Pliocene. 

S3. Alegto major, Lonsd.=A, repens, S. Wood (Waters). Pliocene. 
Living, Arctic Sea, 

34. PCSTCLOPORA PEOBOSCXDEA, M.-Ed. Bruccoli. Living; Shetland, 

Medit., Naples 80 fath. 

35. P. eegosa, D’Orb.=Enia?np7iora, id , D’Orb.; Ftishdopora rugidosa, 

Manz. Chalk, stage 22, as rugosa. Miocene. 

36. Disgopoeella Mediteeeakea, Blainv. (figs. 11,12, plate) = Lichen- 

opora id., Blainv. 

37. D. EADiATA, A,Vidi.^l)isco8parsa patina, Heller, 

38. Diastopoea cupola, D’Orb. (figs. 18, 14, plate) ==== Llscospana 

cupula, D’Orb. 

39. Ebondipora reticulata, Blainv., forma verrucosa, Waters, Bruccoli 

40. Meseeteripoea, sp. (figs, 17 to 19, plate). 

41. Hoejs^eba feondiculata, Lamx.=R’. affinis, Milne.Ed.=Jf. aude- 

gavensis, Michelin. Pliocene. Living: Naples, in the deeper 
dredgings. ^ 

Of fig. 16, plate, Mr, Waters says‘ This seems the same as Mnuzoni 
Bry. de Castrocaro ’) has figured as Aetea sica, but I do not see from his 
figure why he does not call it Alecio, and believe it is the same which 
usually grows with more cells along the line of growth, and which he 
figures as Alecto repe^isJ There is no doubt in my mind but that both 
the figures of Mr. A. W. Waters, and also of Manzoni, are indicative 
of true Stomatopora (Alecto), hut I did not suppress the name out of 
defe^nce to so good a worker, nevertheless I doubted the affinity in 
the first part of this Report (see Aeteidm). In his description of the 
plate yi. %. 69 (fig. 5, plate vii.) Manzoni says ^Mea sica, Concha Alecto 
parastta, Heller/ 
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‘ Italian Pliocene Bryozoa.’—Manzoni. 

In the earliest of Dr. Manzoni’s writings, entitled * Briozoi plioceni 
italiani/ the author describes seventy-four species of Oheilostomatous 
and three Oyclostomatous Polyzoa. The work was published in 1869 
and 1870, and was fully illustrated, as all Dr. Manzoni’s works are. I 
have not these papers by me, and I can only give the list as supplied by 
Miss E. 0. Jelly. Many of the names will be familiar to the student of 
the ‘ Crag Polyzoa,’ but twenty-seven are new. I wish to preserve the 
divisions of the author, I., II., III., IT. 

L 

I. Sub-Order Cheilostomata, Busk. 

1. Membranipora Beussiana, Manz. 10. Lepralia spinipera, v. 

2. Lepralia BUDis, Manz. Johnst. 

8. ,, UMBONATA, Manz. 11. „ uTRicuLus, Mauz. 

4. „ Bowerbankiana ?, Bk. 12. „ innominata, Couch. 

5. ,, LATA, Bk. 13. Oellepora soruposa?, Bk. 

6. „ VENUSTA, Eichwald. 14. „ punctata, Manz. 

7. „ nisjuNCTA, Manz. 15. Cupularia umbellata, Defr. 

8. „ viOLACBA, Johnst. 16. „ canariensis, Bk. 

9. „ TBTRAGONA, Bss. (Celle- 17. „ EEUSSIANA,Manz. 

pora), ‘Eos. Pol. 18. Lunulites And rosaces, All. 

Wien. Beck.’ p. 78. 

II. 

19. Membranipora exilis, Manz. 

20. „ ANDEGAYENSis, Mioh., ‘ Ic. Zoo.’ p. 329. 

21. „ OOEANI, D’Orb., ‘P. Pr.’ 

22. „ Lacroixii, Sav. = M. Savarfcii, And. 

23. Bielitstra dblicatula, Bk. 

24. Lepralia decorata, Bss., ‘Wien. Beck.’ p. 89. 

25. „ Morrisiana, Bk, 

26. „ MAMILLATA, S. Wood. 

27. „ Brongniartii, And. 

28. „ unicornis, Jolmsb. 

29. „ PERTUSA?, Auctt. 

30. Cellepora systolostoma, Men. (Coll, del R. Museo di Sc. Nat. di 

Pisa). 

31. CUPULARU INTERMEDIA, Michollotti. 

III. 

32. Lepralia scripta, Rss., ‘Wien. Beck.’ p. 82; ibid. ‘Dent. Oberol.’ 

p. 29; ibid. ‘ Dent, Septa.’ p. 50. 

33. Lepralia pteroi>ora, Rss., ‘Wien. Beck.’ p. 81; ibid, von Orosara, 

p. 45. 


34. 

Lepralia linearis, Hass. (J3h- 
mntiay Gray). 1 

42. 

43. 

Lepralia delicatula, Manz. 

„ GIBBOSULA, „ 

35. 


PEREGRiNA, Manz. 

M. 

••arx* 


ANNULATOPORA, „ 

36. 

JJ 

PULGURANS, „ 

45. 

•> 

LUCERNULA, „ 

37. 


STRENUA, „ 

46. 

JS 

CUPULATA, „ 

38. 


PAPILLTPERA, „ 

47. 


CHEILOSTOMATA, „ 

39. 


CILIATA, Pall. 

48. 


OBELISOUS, „ 

40. 

41. 

1884. 

TURGIDULA, Mauz. 
ELEGANTULA, „ 

49. 

» 

SOORPIOTDES, • „ 

P 
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IV. 

50. Salicornabu FABCiMmoiDis, Johnst.^Manz. ‘ Saggio di Ooncli. Foss. 

Sabalp. 1868/ p. 69. 

51. Salicornaeia cuspidata, Manz. 

52. Bjppothoa catenularu, Fiem., D’Orb. ‘ Pal. F.’ p. 383. 

53. „ PLAGELLrM, Manz. 

54. Membear-ipora autntjltjs, Manz. 

55. „ PEDUNCULATA, Manz. 

56. „ RETICULUM, Mich, (non Blainv.). 

57. „ A2TGULOSA, Bss., ‘Wien. Beck.’ p. 93; ibid, 'von- 

Croaara,’ p. 41. 

58. ,5 suBTiLiMARGO, Ess., ‘ Oberol.’ p. 17. 

59. „ LIL’EATA, Bk. 

60. „ Eosselii, And. 

61. „ Smittii, Manz. 

62. Lepralia ligulata, Manz. (= Cheilostoma). 

63. Cellepora ramulosa, Linn. 

64. „ COROSTOPUS, S. Wood; Busk, ‘ Crag ’ p. 57. 

65. „ TUBIGERA ?, Busk. 

66. ,, pumicosa, Linn. 

67. „ PULCHRA, Michellotfci. 

68. „ PAUCIOSOULATA, „ 

69- „ Hassallii, Johnst. 

70. Eschaba Hellerii, Manz. 

71. „ roLiACEA, Lamk. 

72. Eetepora cellulosa, Lamk. 

73. Luiktulites quadrata, Ess., op. cit. p. 66. 

74. OUPULAEIA BIDENTATA, Ess., Op. cit. p. 65. 

II. Sub-Order Ctclostomata, Busk. 

1. Stomatopora (Broun), TAURiiJfEKsis, Manz. 

2. loMONEA SERPENS, Linn. 

3. Discoporella veerucaria, Linn. = * 3i8cor>pcbTsa, patina, Lamk. 

‘ I. Briozoi del Pliocene Antioo di Oastrocaro/ Manzoni. 
Scrupocellaeia, V. Bened. 

ELLIPTIOA, Ess., Tab. I. fig. 1. 

Saliooenaeia, Cul. 

» PARCiMiNoinis, Johnst., Tab. I. fig. 2. 

Mtbiozoon, Donati. 

« TRUNCATUM, Pallas, Tab. I. 3 to Ba. 

Hippothoa, Lamx. 

4. „ DIYARICATA, Lams., Tab. L fig. 15. 

5. „ FLAGELLUM, Manz., Tab. I. fig. 14. 

Aetba, Lamx, 

6. ? „ SICA, Couch, Tab. VII. fig. 69, 

7. „ ANGuiNA, Hinoks, Tab. VI. fig. 70. 

Terebeipoba, D'Orb. 

8* „ Arceiaoi, Fischer, Tab. VI. fig. 68, 

* Is not tMs a mistake of the printer for I)isco$parsa ? 
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9. 

10 . 


11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18, 

19. 

20 . 


21 . 

22 . 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
82. 
33. 

84. 

85. 
36. 

87. 

88 . 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 
62. 

53. 

54. 

55. 

56. 


Membranipora, Blainv. 

,, CATENULARIA, Jameson, Tab. I. fig. 8. 

„ ANGBLOSA, Rss., Tab. I. fig. 14=lf, antigua. Busk 

= Mollia antiqua, Smitt. 

„ APERTA, Busk., Tab. I. fig. 4. 

„ TRIFOLIXJM, S. Wood, Tab. I. fig. 7. 

„ IRREGULARIS, D’Orb., Tab. I. fig. 5 =; If. tnohoplora^ 

Busk. 

„ LiNEATA, Linn., Tab. I. fig. 6. 

„ Flemingii, Busk, Tab. II. fig. 21. 

„ ANNULUS, Manz., Tab. I. figs. 9, 9a, 96, 9c. 

„ CALPENSis, Busk, Tab. I. fig. 10. 

„ HOLOSTOMA, S. Wood, Tab. I. fig, 12, 

„ Rosselii, Aud., Tab. II. fig. 15. 

„ bidens, Hag., Tab. II. fig. 16, 


Lepralia, Jobuston. 

„ DECOEATA, Reuss, Tab. II. figs, 18a, 186. 

„ cocciNEA, Jobnst., Tab. II. fig. 19. 

,, PULGURANS, Manz., Tab. II. fig, 20. 

„ STRENuis, Manz., Tab. II. fig. 20. 

„ iNNOMiNATA, Coucb, Tab. VII. fig. 85. 

„ soRim (?), Reuss, Tab. II. figs. 25, 25a. 

„ SURGENS, Manz., Tab. II. fig. 22. 

„ ANSATA, Jobnst., Tab. II. fig. 24~24a, 

„ RESUPiNATA, Manz., Tab. II. fig. 26. 

„ Brongniartii, Aud., Tab. II. fig. 27; Tab. lY. fig. 54 
„ BIAPERTA, Micbelin, Tab. II. fig. 28. 

„ PLANATA, Manz., Tab. III. fig. 29. 

„ MiCANS, „ Tab. III. fig. 32a. 

„ SCHIZOGASTER, Rss., Tab. III. fig. 34. 

„ Marionensis, Busk, Tab. III. fig. 39. 

„ YiOLACEA, Jobnst., Tab. IV. fig. 45a. 

„ OTOPHORA, Rss., Tab. HI. fig. 30-30a, 

„ CXLIATA, Pallas, Tab, III. %. 34. 

„ CRASSiLABRA, Mauz., Tab, HI. fig. 38. 

„ TUMiBA, „ „ figs, 33 and 33a. 

„ INGENS, „ Tab. IV, fig. 44. 

„ ANNULATOPORJl, „ „ fig. 42, 

„ Malusii, Aud., „ fig. 45. 

„ BISJ0NCTA, Manz., Tab. III. fig. 35a. 

' „ OBIBRILINA, „ „ fig. 40. 

„ VASOULA, „ Tab. V. fig. 56. 

„ RARECOSTATA, Reuss, Tab. VI. fig. 76. 

„ VENUSTA, Eicbwald, Tab. IV. fig. 50. 

„ Reussiana, Busk, Tab. VI. fig, 55. 

„ SQUAMOiBEA, Reuss, Tab. IV. figs. 46 and 46a. 

„ OBViA, Manz., Tab. VI. figs. 44~44a. 

„ Haueri, Reuss, Tab. V. fig. 55. 

„ LINEARIS, Hassall, Tab. III. fig. 87. 

„ RETICULATA, Busk, Tab. III. fig. 36-36a. 

„ ctJOULLATA, Busk, Tab, IV. fig, 47. 

„ PEBTtrsA, Jobnst., „ fig, 48. 
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57. Lbpralu systotostoma, Manz., Tab. IV. figs. 49-49a. 

58. „ CHiLOPORA, Ess., „ fig- 54. 

59. „ . TUBA, Manz., „ fig- 52~52a. 

Oelleporella, Korman. 

60. „ Oastrocarensis, Manz., Tab. V. fig. 57. 

Gelleposa. 

61. „ TUBIGERA, Busk, „ fig- 60-61. 

62. „ sYs;roLOSTOMATA, Manz., „ fig. 58. 

63. „ RETUSA, Manz., „ fig- 59. 

64. „ RAMULOSA, Linn., „ fig- 62. 

Eschara, Eay. 

65. „ FOLiACEA, Lk., „ fig. 66. 

66. „ coLUMNARis, Manz., „ fig. 65. 

67. „ LICHENOIDES, Lamk., „ fig. 64. 

68. „ Sedgwigkii, M.-Ed., „ fig. 63. 

69. „ CERYicoRNis ?, Lamk. 

Biflustra, D’Orb. 

70. „ Savartii, And., Tab. II. fig. 17. 

Eetepora Imperato. 

71. „ ?sp., Tab. Yll. fig.84. 

CupuLARiA, Lamx. 

72. „ .UMBELLATA, Def. = 0. intermedia^ Micb., Tab, V. fig. 67. 
* 

Cyclostomata. 

Aleoto, Lamx. (Stomatopora). 

1. „ oastrocarensis, Manz,, Tab. VI. fig. 71. 

2. „ repens, S. Wood, „ „ „ 72, 

3. „ PARASiTA, Heller, „ VII. „ 69. 

Idmonea, Lamx. 

4. „ iNSiDENS, Lamx, „ VII. „ 78. 

5. „ SERPENS, Linn, „ VI. „ 78, 

Hoenera, Lamx. 

6. „ feondiculata, Lamx. ., VIT. „ 80. 

PuSTULOPORA, Blainv. 

7. „ ?sp. „ VII. „ 82. 

Tubulipora, Lamk. ‘ 

8. „ FLABELLARIS, Fabi’. „ ’ VI, „ 73. 

Diastopora, Lanax. 

9. „ PATINA, Lamx. „ VII. „ 77. 

10. „ STRUTA, J. Haine (Berenicea)^ Tab. VI. fig. 74; Tab* 

VILfig. 79. 

11. „ . EXPANSA, Manz., Tab, VIL fig. 85. 

Ceriopora, Goldf. - . ' 

12. „ globulus, Eenss, „ VII, „ 81, 

Heteroporella, Busk. 

„ . rauiata ? Busi:, Tab, VI. fig, 75, 
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‘ Post-Tertiary Polyzoa.’ “ 

In tlie Catalogue of Western Scottish Fossils, compiled by James 
Armstrong, John Young, and David Robinson (Glasgow, 1876), the 
authors give a list of species found in the Glacial Beds of Scotland. The 
authors were assisted in this work by the Rev. A. M. Norman, whose 
valuable labours on the group, previously published in the Reports on the 
Shetland dredgings, prove how fit he was to help in this special work. 
There is still a large mass of material in the hands of Mr. David Robinson, 
placed there by my friend Mr. T. Steel, late of Greenock; and it is to 
be hoped that if Mr. Robinson’s remarks have not yet been, that they will 
soon be, published. These also were from the Qarvel Park Beds. Unlike 
other lists, I have re-arranged the generic names so as to bring it into 
accord with the arrangement of the Rev. T. Hincks. 

Cheilostomata, Busk. 

Oellulauia, Pallas. 

1. „ Peachii, Busk, Post-Tertiary and Glacial deposits, 

Scotland; Garvel Park. 

Mempea, Lamx. 

2. „ TEENATA, var. Ellis and Sol. Garvel Park. 

Sckupooellaeia, Tan. Ben. 

3. „ EEPTANS, Linn. Post-Tertiary and Glacial de¬ 

posits, Scotland; Duntroon, Paisley. 

4. „ SCRUPOSA, Linn. Post-Tertiary and Glacial de¬ 

posits, Scotland; Caithness 

6. „ SCABRA, Van. Ben. 

Var, ELONGATA, Smitt. Garvel Park. 

Cabebea, Lamx. 

6. „ Bllisii, Fleming, Garvel Park. 

Bugula, Oken. 

7. „ AVicUliAEiA, Pallas. Duntroon. 

Mbhbranipora, t 

8. 5 , Fleminoit, Busk. Garvel Park; Loohgilp. 

9. „ T0BERCUBATA, „ „ „ 

10. „ ? UNICORNIS, Flem. Paisley ; Dalmuir; Duntroon. 

11. „ CATiSNUfARiA, Jamieson = Eippothoa of authors. 

Dalmuir; Duntroon. 

Cribrilina, Gray. 

12. „ ANNULATA, Fabr, Garvel Park. 

PORiNA, D’Orbigny. 

13. „ TUBULOSA, Norman, Garvel Park. 

SOHIZOPORELLA. 

14. „ ‘ HTALiNA, Linn. 

. 15. „ SIMPLEX, Johnst. Caithness, in Boulder Olay, 

16. „ SPiNiFERA, „ Dalmuir, 

17. „ OBUENTA, Norman. Garvel Park. 

Hippothoa, Lamx. 

18. „ BIVARICAXA, Linn. Caithness, in Boulder Olay . ^ 
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Lepbalia, Johnst. 

19. „ PEETESA, Esper. Dalmuir. 

Umbonula, Hincks. 

20. „ TEEEECOSA, Esper. Dalmuir; Duntroon; Garvel Park# 
PoRELLA, Gray. 

21. „ C 0 NCiRii[A, Busk. Garvel Park; Locbgilp. 

22. 5, STRUMA, Norman. „ „ 

Smittia, Hincks. 

23. GRYSTALLiNA, Norman. Garvel Park. 

Mucbonella, Hincks. 

24. „ Peachii, Jobnst. Cumbrae College; Caithness, in 

Boulder Clay. 

25. Yar. labiosa, Busk. Caithness, in Boulder Clay. 
Cellepoea, Eabr. 

26. „ PUMICOSA, Linn. „ „ „ 


Cyclostomata, Busk. 

Crisia, Lamouroux. 

1, „ eburnea, Linn. Dalmuir, Lochgilp, Crinan, Duntroon, 

Paisley, and Garvel Park. 

2. „ DENTiouLATA, Linn. Caithness, in Boulder Clay. 

Idmorea, Lamx. 

3* 5, Atlantica, Forbes. The most important of individuals 

in Garvel Park beds. 


Tubulipoba, Lamk. 

4. „ PLABELLAEIA, Fabr. Dalmuir. 

5. „ PHALANGEA, Couch. Dalmuir, Duutroon, Gurvel Park. 

6. „ ? SERPENS, Linn (Idmonea), Dalmuir, „ „ 

Diastopora, Lamx. 

7. „ OBELiA, Flem. 


8 . 

9. 

10 . 


11 . 


Discoporella, Gran. (lAchenopora), 

„ HiSPiDA, Flem. Paisley. 

„ Grignonensis, Busk. 

„ ELOSCTiLUS, Hincks = Lichmopora rcodiata,* 

Park. 

„ RADiATA, Busk. Garvel Park. 


Garvel 


BIBLIOGBAPHY. 

It may be that the student, in casting his eye over the following brief 
bibliographical notes, may detect an absence of certain names which are 
generally included in a section like the present one. I did not, it is true, 
seek to give a full list of authors, hut in selecting the works now given I 
had more regard for special work than for furnishing a list of names in 
which remarks on the Class Polyzoa may be found, but in which no 
special plan of working is adopted. It was to the simple memoirs, 
whether brief or exhaustive, that I desired to direct attention, and I am 
not aware that I have overlooked any special papersj or authors# If I 



ON FOSSIIi POIiYZOA. 


215 


have sinned on this score, I shall be glad if notice of the omission is giren 
to me, and I hope also that authors will forgive me if I have neglected to 
furnish notes on their labours. I only profess to give a bibliography of 
works on species found in the Cretaceous and Tertiary Rocks. 

Geoegb Busk. 

1862. Catalogue of Marine Tolyzoa in tlie collection of tlie British Museum. 
12nio. London. Parts I. and II. Containing references to fossil species. 

1859. Monograph of the Fossil Polyzoa of the Crag. Printed for the Palesonto- 

graphical Society. 

1866. Descriptions of Three Species of Polyzoa from the London Clay at Highgate, 
in the Collection of N. T. Wetherell, F.G.S., ‘ Geol. Mag.* vol. iii. No. 
XXV. July. 

1875. Cyclostomatous Polyzoa. Part III. Brit, Museum Catalogue. Contains 
references to Fossil species. 

Robert Etheridge, Jun., F.G.S. 

1875. On the Occurrence of a Species of Bete^om allied to pJbosnioea, Busk, 

Tert. Beds, of 8chnapper Point, Hobson’s Bay, Victoria. * Trans. R. Soc. 
Viet.’ vol. xi. pp. 13, 14. 

1876. Post-Tertiary Polyzoa. ‘ Geol. Mag.’ Deo. 2, vol. iii. Prof. Busk describes 

with a figure a now species from the Post-Tert. Clays, Carsl., Memhrani- 
fOTOi Mh&ndgi% Busk. 

1877. A Synopsis of the known Species of Australian Tertiary Polyzoa. Read 

before the Roy. Soc. New South Wales, Sept. 1877. Pp. 15, 8vo. Sydney. 

In this synopsis Mr. Etheridge gives very full references to the 
bibliography and species described by various authors up to date. I have 
given elsewhere a list of Mr, Etheridge's species as found in the synopsis. 
Some of the species have been describ^ed or referred to by Mr. Waters in 
his various papers on Australian Eossil Bryozoa (Polyzoa.),' 

J. W. Dawson. 

1869. Additional Notes on the Post-Pliocene Deposits of the St. Lawrence Valley. 
* Canad, Nat.’ vol. vi. pp. 23, 39, with sixteen engravings. 

The author in the above describes and figures the Foraminiferee and 
Bryozoa of the Post-Pliocene deposits of Lower Canada, He enumerates 
•six species of Polyzoa, of which Lepmlia quadrioornis is described as 
new. 

W, M. Gabb and G, H. Horn. 

1862. Monograph of the Fossil Polyzoa of the Hecondary and Tertiary Formations 
of North America. < Journ. Acad. Nat. Sci. Philad.’ vol. v. 2nd series, 
pp. 111-179; three plates. 

Friedrich v. Hagenow. 

1846. ‘Bryozoen’ in Geinitz, Grundriss der Versteinerungs-Xunde. 8vo. Dresden. 
1861. Die Bryozoen der MaestriohterKreidebildung. Naturwissensch. Von Fischer 
in Oassel. 

Rev. Thomas Htncks. 

1880. British Marine Polyzoa. London: John Van Voorst, two vols.—one text, 
the other plates. 

1879.\Various Papers and Contributions to General History of the Polyzoa: 
1884. j Annals and Mag. Nat, History, vols. issued during these years.—Treat 
chiefly of Recent species, but contain references to Fossil also. 

P. H. MaoGilliveay, M.A., M.R.C.S. 

1860, Notes on the Cheilostomatous Polyzoa of Victoria, and other* parts ■ of 

Australia, < Trans* Phil. Institute Victoria ’ vol. iv* part ii*, pp. 169-168. 
plates 2, 3. 
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1860. On two New Genera of Polyzoa. ‘ Trans. Boy. Soo. of Tiotoria.’ These 

are Diplopora — MemhrampoT'a, and Densipora corrug-ATA = 
Heteropoo'a cemcornis^ D’Orb and Waters. 

1881. ? On some New Species of Catenicella and Bictyopora; and on Uroeolipora* 
a New Genus of Polyzoa. * Trans. Koy. Soc. Victoria.’ I refer to those 
papers because it will be possible to identify the recent with fossil siiecies 
of Australian Polyzoa. 

William Lonsdale. 

1845. Account of twenty-six species of Polyparia, obtained from the Eocene 
Tertiary Formation of North America. ‘ Quart. Jour. Geol. Soc.’ vol. i. 
pp. 609-63.S. Seventeen engravings. Five Corals and eleven Polyzoa. 

„ Account of six species of Polyparia, obtained from Timber Creek, New 
Jersey. Five species of Polyzoa (Cretaceous), oit, vol. i. pp. 
65-75. Six engravings. 

„ Account of ten species of Polyparia obtained from the Miocene Tert. 
Formations of North America. Oj^, cit. vol. i. pp. 495~-509. Ten engra¬ 
vings. Seven species are Polyzoa. 

1850. Descriptions of Polyzoa in Dixon’s * Fossils of Sussex.’ 

S. G. Morton. 

1834. Synopsis of the Organic Remains of the Cretaceous Group of the United 
States. This book is referred to both by Lonsdale and Messrs. Gabb k 
Horn, in their descriptions of American Cretaceous Polyzoa. 

Dr. A. Manzoni. 

1869, Briozoi pliocenici italiani. Four contributions on Italian Pliocene 
Bryozoa, in which the author describes seventy-seven species and gives 
figures of many. Sitz. der K. Akad. d. Wissensch. 

1871. Supplemento alia dei Briozoi Medit. Pp. 1-10. Three plates. Ojp. oit, 

1875. I Briozoi del pliocene antico di Castrocaro. (Bryozoa of the Older I’liocene 
of Castrocaro, Bologna). This work is, I believe, now out of print. Pp.. 
64. Seven plates, 4to. 

1877. I Briozoi Fossili del Miocene d’ Austria ed Ungheria. Parte ii. Celleporidas, 

Escharidffi, Vincularid^, Selenaridae. (Miocene Bryozoa, Austria and 
Hungary). Denkschr. K. Ak. Wiss. Wien, bd. xxxvii. abth. 3, pp, 
49-78. Seventeen plates. 

1878. * Fossil Bryozoa of Aust. and Hungaiy. Part III. Cyclostomata. A continii- 

• ation of the work of Reuss, which forms the first of this series. Op, dp, 
id., bd. xxxviii. pp, 1-24, Plates i.-xviii, 

„ * Bryozoaries du Pliocene de Pile de Rhodes.' M^moircs de la Sooi6t6 

G6olog. de France. Paris. 

Ottomab Novak. 

1877. Cretaceous Bryozoa of Bohemia (Beitrag zur Kenntniss der Bryozocn, 

Denkschr. K. Ak. Wiss. Wien, bd. xxxvii. abth. ii. pp, 72-126. T’on 
plates. ‘ Geological Record,’ 1878, Pub. 1882. 

D’Orbignt. 

1839. Voyage dans rAm4rique M4rid. vol. iv. ,* plate. Zoophytes. 

1853*}' Pal4ontologie Fran^aise, Terr. Cr4tac4s, v. 

1861, Zoological Researches, &c. 

Dr. A. E. Reuss. 

1345-6. Die Versteinerungen der Bohmischen Kreide-Formation. 

1847. Fossilen-Polyparien des Wiener Tertiarbeokens, 4to, Wien. 


' 0* this work I seem not to have furnished any account. See mte, brief note 
from Geol, Record, 
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Professor Rittee von Eetjss. 

1874. Die fossilen Bryozocn, kc (Fossil Bryozoa of the Anstro-HnngariaEi 
Miocene). Sitzb. K. Ak. Wiss. Math. Natnrw. Olasse, abth. i. bd. Ixviii. 
hefte 3-5, pp. 219-222. A brief notice of memoir which was to appear 
in the Denkschriften. 

„ Paliiontologische Studien. (Palseontology of the Older Alpine Tertiaries.) 

„ Miocene Bryozoa of Anstro-Hungary, Part I. Denkschr. K. Ak. Wiss. bd. 
abth. i. pp. 141-190 (plates 1 to 12). Describes ninety-five species, of 
which forty-one arc new and two are new Memhraniiwrcs, (This 

work was completed by Dr. Manzoni, to whose name reference can now 
be made.) 

Friedeich Adolph Roemer. 

1863, Die Polj’^arien des Norddeutschon Tertiar-Grebirges. Abdrnck ans Palaeonto- 
graphica. Cassel, Vorlag von Ifischer. 

Captain Charles Sturt. 

1833, Two Expeditions into the Interior of Sonth Australia. London, 2 vols, 
8vo.; vol. ii. pp. 253, 264 (plate 3). 

Tertiary Polyzoa in Australia were first collected by Sturt; but ® the 
reference of his specimens to species at that time known as European , . , 
will not, I think, stand.’—^ Synopsis,’ E. Etheridge, jun. 

Dr, Stoliczka. 

1864? Austrian Novara Expeditions to Australia. In one of the vols. Dr. Stoliczka 
describes * Fossile Bryozoen aus dem Tei-tiaron Griinsandstein der Orakei 
Bay, Auckland,’ pp. 87-168. 

A, William Waters, F.G.S. 

1877. Remarks on the Recent Geology of Italy. * Transactions of the Manchester 

Geological Society,’ 1877. Paper read June 26. 

In this paper Mr. Waters gives some account of the Bryozoa Limestone 
of Calabria, with lists and range of species. No descriptions or plates. 

1878, On Bryozoa. ‘ Proceeding.^ of the Literary and Phil. Soo.* vol. xvii. No. 10^ 

1877 and 1878 j Manchester Micro, and Nat. Hist. Soc. Paper read 
March 1878. 

In this paper Mr. Waters treats of the structure of the Polyzoa, more 
particularly of the character of the cell and the minute details in connec¬ 
tion with its structure, for the purpose of comparison and study of fossil 
species. 

1878. Bryozoa (Polyzoa) from the Pliocene of Bruccoli (Sicily). ‘ Proceed. Man¬ 
chester Geol. Soc.’ Paper read May 1878. 

In the Sicilian deposits the debris closely resembles that of the Crag. 
Prom the Bruccoli bed Mr. Waters describes forty-three species of Polyzoa 
“thirty-two species of Chdlosiomata and eleven of Cyclostomata. One 
plate of illustrations. 

1878, On the Dse of the Opercula in the determination of the Cheilostomatous 

Bryozoa. * Proceedings. Lit. and - Phil. Soc.’ vol. xviii. No. 2, Sessions 
1878-9. Paper read Got. 1878. One plate, thirty-seven fibres. 

1879. Bryozoa (Polyzoa) of the Bay of Naples. * Ann, Mag. Nat. History,’ ser. v. 

vol* iii. 1879, Jan,, plates viii* to xi.; Feb. 1879, plates xii. to xv.; Maroh^ 
1879, plates in previous parts; April, 1879, * Cyclostomata ’ plates xxiii*^ 
xxiv. 
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Professor G-. Sbquebza. 

1879-80. ‘Bryozoa,’in his work entitled‘Le formazioni terziarie nelle provincia 
di Beggio.’ Ten of the species described as new by the Professor 
critically revised, and the new names axe replaced by old and well- 
known forms, by Bev. T. Hincks. ‘Ann. Mag. Nat. Hist.’ April 1884. 

In tliis series of papers Mr. Waters not only refers bis species to recent 
types, but identifies some of tbe Bay of Naples Polyzoa as recurrent 
species which date back to Miocene and Eocene times, and some few to 
the Chalk. This is a valuable contribution to the history not only of 
recent but of Fossil Tertiary species. 

1880. On the terms ‘Bryozoa ’ and ‘ Polyzoa.’ ‘Ann. Mag. Nat. Hist.’ Jan. 1880. 

1879 ? On the occurrence of Eecent Heteropora. * Jouxn. Boy. Micr. Soc.’ Paper 

read May 1879. 

In this paper Mr. Waters makes some reference to the zoological position 
of Heteropora, and refers D’Orbigny’s Flefhopom cervieornis, D’Orb., to 
Heteropora- 

1881. On Fossil Cheilostomatous Bryozoa from South-West Victoria, Australia. 

Plates xiv., xviii. ‘ Quart, .four. Greol. Soc.’ vol. xsxvii. p. 309. 

In this paper Mr. Waters describes seventy-two species or varieiies of 
Polyzoa, many of which are new. As the whole of the species described 
may be found inclnded in the lists in the first part of the present Beport, 
it will not be considered as any slight to the author in only mentioning the 
titles now. 

1882. On Fossil Cheil. Bry. from Mount Oambier, South Australia, ‘ Quart. Jour. 

Geol. Soc.’ vol. xxxviii. p. 257, plates vii. to ix. 

„ On Cheilostomatous Bryozoa from Bairnsdale (Grippsland), ‘ Quart. Jour. 
Geol. Soc.’ ibid. p. 502. 

1883. Fossil Cheilostomatous Bryozoa from Muddy Creek, Victoria, &o., ‘ Quart. 

Jour. Geol. Soc.’ vol. xxxix. p. 423, pi. xii. 

In this paper Mr. Waters gives diagrams of the ‘ globolus ’ of Oaienicella, 
with a new nomenclature of the parts of the zooecia of species—a valuable 
addition to structural knowledge of these peculiar forms, and will help 
in the placement of the group. It is only recently that Fossil Gatenicella 
has been discovered. 

H. Watts. 

1865. On Fossil Polyzoa. ‘ Trans. Boy. Soc. of Victoria,’ vol. vi. pp. 82-84. 

0. S. WiLKiNSOisr, F.G.S. 

1864. Beport on the Cape Otway District. Pp. 21-28. 

Reports of the Director of the Geological Survey of Victoria, containing 
references to Polyzoa. As the reports contain very meagre references to 
fossil Polyzoa, it seems to be useless to multiply names of papers, &c. 

Robert Etheridge’s (jun.) ‘ Synopsis,’ referred to under his name, con¬ 
tains ample references to, I believe, every important paper, including and 
in addition to the Australian papers already given. 

Bev. J. E. Tenison Woods. 

1859. Eemarks on a Tertiary Deposit in South Australia. ‘ Trans. Phil. Institute, 
Victoria,’ vol. iii. 

1S60. On the Tertiary Deposits of Portland Bay, Victoria. Oj). eit vol. iv. plate ii. 
pp. 169-172. In both these papers the author refers to Polyzoa, 

„ On Some Tertiary Bocks in the Colony of S. Australia. ‘ Quart. Jour. Geol. 
Soc,’ London, vol. xvi, pp. 253-261. As an appendix to this work Mr. 
George Busk furnished a list of Fossil Polyzoa; but as there were no 
descriptions, and as the names were in MS., hut very few have been 
retained by Mr, Waters. 
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1862. Geological Observations in S. Australia. London, 1863, 8vo. In this work 
Polyzoa are referred to—fifteen genera and thirty-seven species, 

1866. On some Tertiary Deposits in the Colony of Victoria, ‘ Quart. Jour. Geol. Soo.’ 

„ On some Tertiary Foss, in S. Australia. ‘ Trans. Roy. Soc. of Victoria,’ vol. 
vi. pp. 3-0 (plate). Both of these papers contain references to Polyzoa. 

1877* On some Tertiary Australian Polyzoa. ‘ Journ. Roy. Soc. New South Wales,’ 
vol. X. p. 147. 

SeARLES Wood. 

1860. Descriptive Catalogue of the Zoophytes of the Crag. ‘ Ann. Mag. Nat. Hist.* 
xiii, p. 10, &c. 

S. Woodward. 

1833. Outlines of the Geology of Norfolk. 8vo, Norwich. Mentions a few species 
of Polyzoa. 


Twelfth Report of the Committee^ consisting of Professors J. Prest- 
wiCH, W. Boyd Dawkins, T. McK. Hughes, and T. Gr. Bonnet, 
Dr. H. W. Crosskey {8ecreta'i^\ Dr. Deane, and Messrs. C. E. 
De Eance, H. Gr. Fordham, J. E. Lee, D. Mackintosh, W. 
Pengelly, j. Plant, and E. H. Tiddeman, appointed for the 
purpose of recording the position^ height above the sea^ litho’- 
logical characters^ size^ and origvn of the Erratic Blocks of 
England^ Wales, and Ireland, reporting other matters of in^ 
terest connected with the same, and taking measures for their 
preservation* 

This Committee is continuing its researches into the distribution, 
position, and general characteristics of the Erratic Blocks of England, 
Wales, and Ireland, and is preparing a connected account of the general 
results obtained, which it hopes to be able to submit at an early 
meeting of the Association. 

Meanwhile, the following details respecting newly obseiwed erratic 
blocks are recorded, 

Essess': Nezvport —George Linney, of Saffron Walden, has furnished 
an account of a large erratic now standing on the high road from 
Cambridge to Bishop’s Stortford, about 225 yards south of the entrance 
to the Sholgrove demesne, on the side nearest to Hewport, and about a 
mile from Audley End station. 

The dimensions above ground are, height 6 ft.; width, at top 3 £t^ 
6 in., at base 6 ft.; thickness 2 ft. 

The general shape is irregular, but the sides are nearly flat. Height 
above the sea-level about 180 ft. 

It is composed of millstone grit. This boulder has no local history, 
except that a vague tradition exists that it was placed in its present posi¬ 
tion as a mark for a Lepers’ Hospital, which was done away with by 
Henry VIII. 

Warwichshire. —^Mr. Fred* Martin has drawn up the subjoined account 
of erratic blocks which have been exposed during the process of 
enlarging the West Suburban Eailway, which runs from ITew Street, 
Birmingham, through Edgbaston to Eng’s Norton, a distance of about 
5| miles. 
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The cuttings generally are through drift, composed of varying propor¬ 
tions of sand, clay, and gravel, resting on a fairly regular surface of the 
New Red Sandstone rock of the district. Except near King’s Norton,, 
this drift, so far as it has been exposed by these excavations, is entirely 
free from eiTatic blocks, the largest stones not averaging more than 3 in. 
or 4 in. diameter. 

At a point on the railway near the village of Stirchley, about 4ij 
miles from Birmingham, the drift is composed of a tenacious marly clay 
unstratified, and with very sparsely scattered Bunter pebbles. A few 
erratic blocks (presently to be catalogued), averaging in size about 1 ft. 
6 in. X1 ft. X 1 ft., were found, mostly of a felsitic rock. 

Abont 50 yards to the south of this point, the nature of the drift 
changes to a dark red clay with angular gravel, which gravel consists 
mostly of fegments of broken-up slate. This angular gravel overlies a 
dark red clayish gravel made up of Bunter pebbles, but having no angular 
fragments. 

Below these gravels is a band of pale-coloured loose sand, about 2 feet 
thick, and much contorted. 

Below this again is a sandy gravelly clay resting immediately upon a> 
green shale or marl, the basal bed of the Keuper. All these gravels con¬ 
tain erratic blocks in large numbers. 

About a quarter of a mile from this point a few erratic blocks have 
been obtained from a matrix of very sandy clay, interstratified with beds, 
about two or three inches thick, of a more gravelly clay, and containing 
rounded pebbles, and angular fragments of coal shale, carboniferous grit, 
&c,, besides small blocks of the basal rock of the Keuper above mentioned. 

At tbis point in a dell at tbe side of tbe railway is a large felsitic 
boulder (No. 2 in the subjoined list), measuring 6 ft. 3 in. X4 ft. 9 in. 
X 3 ft. 9 in.: only about one-tbird of it is visible above ground, the rest 
being buried in clay. The ground was dug away from it in order that a 
photograph might be taken, but was subsequently put back again 

Near the junction of the new railway with the main line to Gloucester 
is another large boulder (No. 1 iu subjoined list), measuring 9 ft. x 8 ft, 
X 3 ft., and is at the time of writing this paper lying in its original posi¬ 
tion, about 9 ft. below the surface. 

The earth being removed from round it to a depth of 6 ft., a very good 
photograph was obtained. 

The erratic blocks found in these gravels vary in cubic capacity from 
1 to 216 cubic ft., and include shales, slates, ashes, felsites, pure quartz, 
carboniferous sandstone and grit, though the majority of thorn arc 
felsitic, and derived from the neighbourhood of the Arenig and Borwvn 
Hills of North Wales. 6 

A few of these blocks, more especially those derived from slate rocks, 
retain ice-markings and smoothing. 

The majority of them, however, have rough surfaces with no ice- 
msirkings of any kind. 

o , ^ list of the chief erratic blocks found in the above 

Btircm^y gravels, which have been examined and identified by Dr, 
Lapwo™. 

1. Bi^gb, bluish-green, felspathic ash, with crystals of felspar: no 
stnm, no sh^oothing, Ske, 9 ft. x 8 ft. x 3 ft. 

2. Rou^ amy^aloidal or brecciated green felstone; no smoothing, 
nostnm. Sijse, 4 ft. 9 in.x6 ft. 3 in.xSft:9 in.. 
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2, Coarse felsitio ash ; no striae, no smoothing. Size, 4 ft. 6 in, x 4 ft. 
X 2 ft. 6 in. 

4. Pale felspathic rock, probably au altered asb or fault rock from 
Arenig ; no striae, no smoothing. Size, 3 ft. x 2 ft. x 1 ft, 6 in. 

5. Yery coarse streaked volcanic ash, with crystals of felspar ; no 
striae, no smoothing. Size, 3 ft. 6 in. x 3 ft. X 2 ft. 

6. Dense felspathic ash with crywstals of orthoclase ; no striae, no 
smoothing. Size, 3 ft. x 2 ft. x 2 ft. 

7. Altered felspathic ash with crystals of orthoclase; no striie, no 
markings. Size, 2 ft. 6 in. X 2 ft. x 1 ft. 9 in. 

8. Ironstained greenish grit with enclosures of shale. Size, 2 ft. x 
1 ft. 6 in. X1 ft. 

9. Hough felspathic rock with enclosures of grey felspar; no strise, no 
smoothing. Size, 2 ft, 6 in. x 2 ft. x 1 ft. 6 in. 

10. Felspathic ash ; altered, from Arenig ; no • strise, no smoothing. 
Size, 1 ft. 6 in. X1 ft. 6 in. x 1 ft, 

11. Well-bedded striped mudstone flag, probably of Silurian age. 
Size, 1 ft. 6 in. x 1 ft. x 3 in. 

12. Fragments of slate showing ice-groovings and smoothing; 
probably Silurian blue mudstone from the Berwyn Hills. 


JRerport upon National Geological Surveys: Part Europe. By 
W. Topley, F.O.S.^ Assoc. Inst. G.E.^ Geological Survey of 
England and Wales. 

Introduction. 

In the following pages a brief account is given of the organisation and 
publications of the chief Geological Surreys ^ in Europe. The statements 
are taken from official sources, or from an inspection of the publications. 

Information has been kindly supplied by the directors of the following 
surveys—Austro-Hungary, Bavaria, Belgium, Italy, Norway, Portugal, 
Saxony, Spain, Sweden, Switzerland; most of these have since corrected 
the proofs of the parts of this Report referring to their respective surveys,^ 
In the preparation of this report my colleague Mr. W. H. Dalton 
has given me much assistance; my thanks are also due to Professor 
O. A. Lehour, Mr. W. Rupert Jones, and Mr. F, W. Rudler* 

The libraries of the Geological Survey (Museum of Practical Geology), 
and of the Geological and Geographical Societies, contain a large collec¬ 
tion of the maps and other publications of the various surveys (see the 
^Catalogues’ of those libraries). The more important publications are 
noted as they appear in the Quarterly Journal of the Geological Society’ 
(November number of each year), the ‘ Proceedings of the Royal 
Geographical Society,* and in ‘Petermann’s Mittheilungen * (Gotha). 
The ^ Geological Record * gives descriptions of maps published in and 
since 1874. * 

The official title of the Survey is first given, with the place of the head 
office, which is also the place of publication unless otherwise stated. 

* The exact equivalent of the English term ' Survey ’ is not used on the Con¬ 
tinent ; it is that of Committee^ Ooimnimon^ Inquiry^ Institutef or Se^'vice. 

^ Some corrections and additions, including those thus supplied, have heoh made 
since the Eeport was read at Montreal . 
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The mode of issue varies greatly, and therefore the exact titles of the 
pnhlications are given, as far as possible. 

For information upon Topographical Surveys reference may be made 
to the ^ Notes on the G-overnment Surveys of the Principal Countries of 
the World,* prepared at the Intelligence Branch of the War Office, 
London, and published in 1883 (price 6s,). This gives the scales of all 
the chief maps; plates, with descriptions, of the various signs employed ; 
full tables of all measures of length and surface, with their English equi¬ 
valents. Brief mention is sometimes made of the Geological Surveys. 

In the following pages the natural scale of maps is given, this being 
the method almost universally adopted on the Continent. The following 
table gives the equivalents, in English inches, of the scales referred to :— 


Natural Seale. 

Inches to 
one Mile. 

Countries. 

1: 10,000 

. 6-336 

, Upper Silesia, Italy (part). 

1: 10,560 

. 6-000 

. United Kingdom (part). 

1: 20,000 

. 3-168 

. Belgium. 

1: 25,000 

. 2-534 

. Prussia, Saxony, Alsace-Lorraine, Italy 

1; 50,000 

. 1*267 

(part) 

. Sweden (part), Italy (part). 

1 : 63,360 

. 1-000 

. United Kingdom (part). 

1: 75,000 

. -845 

, Austria and Hungary. 

1: 80,000 

. *792 

. France. 

1: 100,000 

. -633 

. Italy, Norway, Switzerland, Bavaria. 

1:144,000 

. *440 

, Austria and Hungary. 

1:200,000 

. -317 

. Netherlands, Finland, Sweden (part). 

1:400,000 

. -159 

. Spain. 

1:420,000 

. -150 

. Bussia. 


The meridian adopted for the maps varies much.^ As a rule it is that 
of the capital of the country. The exceptions to this are the maps of 
Germany and some of Norway, where the meridian is Ferro, and Switzer¬ 
land, where it is Paris, Paris has been taken as the meridian for the 
map of Europe, now being prepared by a committee of the International 
Geological Congress; scale 1 : 1,500,000. This map, in 49 sheets, will 
be based upon those of the Geological Surveys hereafter described. 

The International Geodetic Congress at Borne in 1883 recommended 
the adoption of Greenwich as the universal meridian. The Congress- 
met at Washington in October 1884, when the provisional resolution 
passed at Borne was confirmed. 

On the Continent a large number of official and semi-official publica¬ 
tions have been made by Government mining engineers and others; but 
these are not here included unless they form part of a systematic survey 
or give the main results of such survey. 

The earliest detailed survey is that of the United Kingdom, 1832. In 
all its essential characters this is now much the same as when left by its 
founder, Sir H. de la Beche, and probably no other survey yet rivals it 
in the variety and completeness of its publications. Many of the more 
important Continental surveys have been commenced during the last !& 
years. 

Much difficulty has beeu felt in deciding what small general maps- 
should be mentioned. The Catalogues already referred to give the 
titles of many of them. For the most part those only are here mentioned 

* The relations of the Meridians to that of Greenwich which are given in this 
Beport, are taken from the Notes on €^o^oiTwnwnt Swrtieys referred to above. 
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which are official, or which are reductions of official maps; and of these 
the notices are necessarily incomplete. 

Some interesting results come out from this inyestigation as regards 
the relative amount of work done by private and official geologists. In 
England the foundations of the survey, and in fact of all detailed field 
geology, were laid by private workers, and a very large proportion of 
English geological literature has always come from them. On the Conti¬ 
nent this has rai’ely been so ; nearly all the surveys are directly due to 
the Governments, and much of the geological literature comes from 
those connected with the surveys, or from official mining engineers. 
There, also, many professors of geology are connected with the surveys ; 
this is not now the case in England, although many of its professors have 
at one time served on the staff. 

The publications of the English Survey are confined to questions re¬ 
lating to its work and progress ; but this is not always the case abroad. 
The staffs of the Austrian and Prussian Surveys have always been active 
in working at the geology of districts outside their own special areas, 
which are by no means small. The best work of late years relating to 
the geology of Turkey and Greece has been done by officers of the 
Austrian Survey. 


Alsace-Loeeainb. 

Commission filr die Oeologische Landes-Uniersuehung von Msass-Lothringen 

(Strasburg). 

The director is E. Cohen. The map—‘ Geologische Specialkarte von 
Elsass-Lothringen,* is on the scale of 1; 25,000. 

The publications are ‘ Abhandlungen,* with atlas, dating from 1875 ; 
the first volume contains a Bibliography of the geology of Alsace-Lorraine, 
by E. W. Benecke and H. Bosenbusch, pp. 77. 

A map of the environs of Strasburg—‘ Geologische Karte der Umge- 
gend yon Strassburg/ by E. Schumacher, 1: 25,000, 1883—gives special 
agricultural information, like the maps near Berlin (see p. 230). 


Austbo-Huhgary. 

KaiserliohKdmglioJie Oeologische BeichsmsiaU (Yienna). 

This Survey was established in 1849, with W. von Haidinger as director; 
he was succeeded in 1867 by P. Bitter von Hauer.' Dionys Stur has 
been vice-director since 1877. 

The field work of the survey, which is mostly done on the scale 
of 1 : 25,000, is at present divided into four sections:—(1) under G. 
Stache, in Tirol; (2) under E. von Mojsisovics, in Styria; (3) under 
0. M. Paul, in the Galician Carpathians; (4) under E, Tietze, in the 
western and north-western parts. There is a large staff of assistant 
geologists and others. 

There are in all about twenty-three official topographical maps of 
Austro-Hungary or of parts of it, on scales from 1 : 12,500 downwards. 
These are all being absorbed in the * Neue Special-Karte/ scale 1 : 75,000, 
on which the geological information is published; the complete map 
* Besigned early in 1886. 
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will be in 715 slaeets, of which 270 are published with the geology, dating 
from 1870. 

The meridian is Perro, 18° 9* W, of Greenwich, The heights are 
given in metres ; there are contour-lines at intervals of 50 metres. The 
sheets are not quite rectangular, the right and left edges being always 
meridian lines, 30' apart. ^ 

The maps are denoted by a double system of numbering—Vertical 
{jOolonne) (I to XXX7) and Eorizontal (Zone), 1 to 37. 

The 270 sheets now published are thus grouped:— 


Upper and Lower Austria , 

• • . 

. 38 sheets 

Moravia and Silesia 


. 30 


T57rol. 


. 37 

a 

Hlyria, Styria, and Salzburg 


. 45 


Galicia and Bukowina . 


. 101 

jj 

Hungary .... 


. 12 

» 

Bohemia .... 


. 7 

)» 



270 



The prices vary from 1 to 8 fl, (2 to 16 sh.). 

A smaller map, scale 1 : 144,000, is also published, of which 158 
sheets are issued. This map is divided into various provinces. The 
sheets now published are as follows, the prices varying from 1 to 6 fl.: 

Austria above and below the Ems . . .29 sheets 

Salzburg.13 „ 

Styria and Illyria.36 „ 

Bohemia.38 „ 

Hungary.42 „ 


The following general maps are issned;— 

Hungary. 

Lombardy and Venetia 
Transylvania . . 

Banat. 

Slavonia and the Frontier . 

Bosnia and Herzegovina 
Dalmatia. 


168 


18 sheets 
4 „ 

4 „ 

4 „ 

1 » 

7 „ 

2 „ 


The publications of the survey, other than maps, are:— 

‘ Abhandlungen der k. k. geoL Beich.', of which ten volumes have 
appeared, dating from 1852, price, 28 to 70 fl.; some c£ these contain 
maps on a large scale; ‘ Jahrbuch,* from 1850; ‘ Verhandlungen/ from 
1867. A ‘ General-Register' of the ‘ Jahrbuch' is published. 

Numerous memoirs, stratigraphical and palasontological, from the 
* Abhandlungen' are separately issued. 

Several semi-official memoirs, with large maps or special maps, arc 
, published by officers of the survey, the most important being:— 

Y. Mojsisovics, ‘ Dolomitriffe von Siidtirol und Yenetien,^ 2 vols. 
1879, price, 19 fl. Map, in 6 sheets (1 i 75,000), separately issued. 

Y. Moisisovics, Tietze, and Bittner, ‘Grundlinien der Geologie von 
Bosnien-Hercegovina, 1880, price, 12-fl. Map, 1 : 576,000, 

Y. Hauer, ‘ Geol. TJebersichtskarte der osterr.-ungar. Monarchie,' 12 
skeets, 1 : 576,000 ; 45 fi. 

V. Sauer, smaller map of the same, 1 : 2,016,000, 4th ed. 1884; 6 fl. 

J This most oonreniont arrangement is also adopted in the maps of Prussia and 
Saxony, 
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Bohemia, —This is a section of tlie Austrian Survey, under tlie control 
of Anton Tritscli; tlie maps are those of the ‘ l^^eue SpeciahKarte ’ scale 
1 : 76,000, referred to above. The text is included, as ' Geologische 
Abtheilung,’ in ‘ Archiv der Naturw. Landesdurchforschnng von Bohmen ’ 
-with plates and extra maps on various scales. ’ 

Hungary, —This Survey was established as a section of the Austrian 
Survey in 1868, bub was soon after made a distinct body under the title 
^ Konigliche ungarische geologische Anstalt; ’ its head-quarters and the 
place of publication is Budapest. But it is still in connection with the 
central institution at Vienna, and an abstract of ite work appears in 
the Verhandlung, 

The first director was Max von Hantken, who was succeeded in 1882 
by Johann Bockh. The survey is done on the scale of 1 : 28,800. 

The publications date from 1871. These are in Hungarian, but a 
German version is given in ‘ Mittheilungen, aus dem Jahrb. k. u. geoL 
Anstalt,’ dating from 1872. About 22 sheets of the map are published. 


Bavaria. 

Bureau der Geognostischen TTntersuohung des KonigreicJis Bayern (Munich). 

The survey was commenced in 1851, under 0. W, von Gumbel, the 
present director. The publications date from 1858 ; they have been 
issued at Gotha, but in future will be published at Oassel. 

The field work is done on various scales, from 1 : 5,000 to 1 : 26,000 ; 
the publication is usually on the scale of 1 : 100,000, but in special 
cases 1 : 50,000. 

Two meridians are used on the maps—Ferro (18° 9' W. of Green¬ 
wich) and Munich (11° 36' E. of Greenwich). The maps are not con- 
toured. 

Explanations of separate sheets are not published, but the maps 
are grouped, for purposes of explanation, as follows :— 

1 ‘ Geognostische Beschreibung des bayerischen Alpengebirges und 
seines Vorlandes ’ (southern frontier), 5 maps. 96 marks. 1861. 

2. * Geog. Besch. des ostbayerisohen Grenzgebirges ’ (Bayreuth, 
Eatisbon, Passau), 5 maps. 108 marks. 1868. 

3, ‘ Geog. Besch. des Fichtelgebirges und Frankenwaldes ’ (N. of Bay¬ 
reuth), 2 maps. 70 marks. 1879, 

There is no ofScial general map; but the director has published 
the following, without text:—* Geog. XJebersichts-Karte des Konigreichs 
Bayern,’ Munich, 1858, 1 ; 500,000. Price 17*20 marks. 


Beloium. 

Service de la Carte Geologigue de la Belgique (Brussels). 

This survey is conducted as a part of the * Mus4e Royal d’Histoire 
Haturelle de Belgique’ (Brussels). The work is executed under the 
^ Commission de Oontr51e de la Carte G4ologique de la Belgique/ com- 
1884 Q 
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posed of five members of tbe Royal Academy of Belgiam, witb M. J. 
Stas as president, Tbe surveying work is done under the direction 
of Ed. Dupont, witb three ‘ conservateurs ’ and eleven assistants. A 
peculiar feature of this survey is that each main division of the geological 
series is traced out completely by one man, so that an index map of 
progress is also a geological index map. 

The map is on the scale of 1 : 20,000, with contours at 5 metres 
interval on the left bank of the Meuse, and at 10 metres on the right 
bank. The map is in 72 main divisions (‘ planchettes ’) ; each containing, 
when complete, 8 sheets feuilles ’) ; in all there will be 430 sheets. 
The meridian is Paris, 2° 20' B. of Greenwich. Each sheet is accompanied 
by ‘ Texte explicatif,’ 

The maps give the nature of the soil, and note, by dark shades of 
colour, the actual areas at which solid rock is exposed. Six sheets are 
published, dated 1882 and 1883. 

The memoirs issued by the Musee Royal (to which the Survey is 
now attached) are in two forms, dating from 1877 :— 

‘ Annales du Musee R. d^Hist. Nat. de Belgique,’ in fob, each volume 
with atlas; and ‘ Bulletin,’ in 8vo. The former is divided into four series 
—^palaeontology, lithology, stratigraphy, existing fanna. 


Before the establishment of the existing Survey another had been in 
existence, conducted by a Committee of which M. Jochams was president. 
It was founded, in 1878, under the control of the ‘ Miniature do Tin- 
terieur; ’ this is stated on each publication, which may thus be distinguished 
from the publications of the existing Survey, the latter being headed ‘ par 
ordre du Gouvernement.’ 

About 20 maps were published (1879-81), each with text; 18 were 
by O. V. Ertboru and P. Oogels. Both Surveys have used the same 
topographical map. 

A general map—‘ Carte Geologique delaBelgique, ex4cntSe par ordredu 
Gouvernement,’ scale 1 : 160,000—was prepared by Andre Dumont from 
1836 to 1854, and was published in 1854. A new issue of this was made 
in 1877, in two editions—^soil and rock, price 40 francs each map. This 
map was accompanied by Memoirs. Those on the ‘ Terrains ardennais 
et rbenan’ were published by Dumont in the Mem. Acad Itoy. Belgique^ 
1847 and 1848; those on the * Terrains cretac5s et tertiaires,’ prepared 
by Dumont and edited by M, Mourlon, are published in four vols. 8yo. 
1878—18S2. 

^ A reduction (not official) of Dumont’s map, scale 1 ; 380,000, show- 
mg the beds below the Hesbayen and Campinien, was published in 1877 
by Lelorrain and E. Henry. 


PlNLAiri). 


Mnhnds Geologisha Undersohning (Suomenmaan OeologilUnm Tuthimm) 

(Helsingfors). 

' ,, Tliis sttwey was commenced in 1866, under lie Department of the 
K Adlfo^ the scale of 1 : 200,000; the director being 
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The pTiblication commenced in 1879; five sheets, in the neighhonr- 
hood of Helsingfors, were issued np to 1882. There are descriptions 
(‘Beskrifning’) to the sheets. All the superficial deposits are shown. 

The explanations on the maps are given in Pinnish and Swedish; 
the * Beskrifning * is in Swedish. 

The meridian is Helsingfors, 25® 12' E. of Grreenwich. 


Ebanoe. 

Service de la Carte Oeologigue detailUe de la France (Paris). 

The origin of this survey may he traced to the Paris Exhibition of 
1855, when, under the direction of Dnfr6noy and Elie de Beaumont, 
twenty maps (scale 1 : 80,000), were coloured geologically in MS. and 
exhibited. These maps, with others, amounting in all to about sixty, all 
in the IST. and KW. of Prance, were again presented at the Paris Exhibi¬ 
tion of 1867. 

The recognition of the value of such maps, and the fact that similar 
surveys were in progress in neighbouring countries, led to the establish¬ 
ment of the existing geological survey in 1868, with Elie de Beaumont 
as director. On his death, in 1875, M. Jacquot became director. 

The map employed is the ‘ Carte Topographique de TEtat-Major,' scale 
1 : 80,000. The meridian is Paris, 2° 20' E. of Greenwich. The map 
of Prance is in 268 sheets; Corsica in sheets, 259-267. It has hill¬ 
shading without contoui's ; heights in metres. 

Each map is accompanied by an ‘ Explication' printed on one side 
only, to he attached to the map if desired; some sheets also by plates 
containing longitudinal and vertical sections and photographs. 

A very elaborate system of signs has been employed on the maps, for 
distinguishing minute varieties of rocks, soils, ores, mineral springs, &c. 
The number of these signs is 1,113. In addition to these many sub-- 
ordinate signs have been devised, farther explaining or modifying the 
others.^. 

As the work progresses it will be reduced and published on the scale 
of 1 : 320,000 ; this will be in 32 sheets; Corsica in sheet 33, Each 
sheet of this map will include 16 sheets of the larger scale. 

The publication of the maps commenced in 1873, with sheet 48, Paris ; 
the explanation of this being ‘ Oahier I,' About 67 sheets are issued 
(to Pebruary 1886), chiefly in the north. 

In addition to the explanations of sheets there are * M4moires'; Ho. 1, 
‘ Pays de Bray,' by De Lapparent, was published in 1873; Ho, 2, * Minera- 
logie Micrograpmque,’ by Pouqu6 and Levy, in 1879. There are also 
special monographs on the coalfields—Brioude and Brassac, Langeac> 
and the Loire. 


The foregoing statements refer only to the existing survey, but 
there were official publications of earlier date.^ In 1822, incited thereto 

^ All these signs, &c,, are fully explained in pamphlets issued in 1874, * G6n6fallt6s ^ 
A, B,C, and D. See also Be Chancourtois, Arm. Mines^ ser. 7, t. v. 1878. 

* A notice of the various geological maps of France was given, by Professor 
Qb a. Lebour, in the Beograjghiocd Magmimf vol, iii.p. 47,1876. 

q2 
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by tlie publication of Greenougli’s ‘ Geological Map of England and 
Wales ’ (1819-20), a survey was commenced by Dufr^noy and !filie de 
Beaumont, under the direction of Brochant de v illiers. From 1822 to 
1825 the surveyors were studying field geology in England. In 1825 
the work was commenced in France, De Beaumont taking the east, 
Dufrenoy the west. There were two assistants, and the survey was 
completed in 1830. 

The map, ‘ Carte Geologique de la France,’ is in 6 sheets, scale 
1 : 500,000. It was published in 1840-42; the two volumes of ‘ Explica¬ 
tion ’ in 1841 and 1848. 

A reduction of this map (‘Tableau d’Assemblage’), scale 
1 : 2,000,000, was published in 1841. 

There are a large number of maps and memoirs of Departments, 
of which great use is made by the surveyors. Some are by private geo¬ 
logists, but most are by official mining engineers. These maps are on 
various scales; some, as that of the Pas de Calais (by Du Souich, 1851) 
on the full scale of 1 : 80,000. 

A Geological Map of France in 48 sheets, scale 1 : 500,000, is in 
preparation by 0. Vasseur and L. Carez, 


Italy. 

Beale Oomitato Oeologico Balia (Eome).^ 

This survey was commenced in 1868, when the capital was Florence. 
It was directed by a committee of Professors at Universities and 
Engineers of Mines. In 1873, when the chief office and place of publica¬ 
tion were transferred to Eome, the staff was reorganised; the Gomiiato 
(with Professor Meneghini as president) retained mainly a consulting 
power, the real chief of the survey being F. Giordano, the present director. 
The staff consists of 7 geologists, 3 assistants, and a pateontologist. 

The systematic and detailed investigation of the country dates from 
1877,and was commenced in Sicily; in 1879 the survey was extended to 
the Apuan Alps and the Eoman Oampagna. The scale adopted for the 
survey is usually 1 : 50,000; areas of special interest, such as those men¬ 
tioned above, are surveyed on the scale of 1 : 25,000. Eecently some 
surveys have been made on the scale of 1 : 10,000—of Elba, Ischia, 
and the environs of Eome. 

A general map (1 :1,111,111) was published in 1881 : another, on 
the scale of 1 ; 500,000, is now in preparation, Sicily being published 
(1883). 

The systematic publication of the survey map will be on the scale of 
1 : 100,000, in 277 sheets, those of Sicily being nearly ready for issue.® 

Districts of special importance will be published on the scale of 
1 : 25,000, with contours; Elba, in two sheets, is now ready^ 

In the topographical maps prepared by the Italian Government (of 
which there are 18, on various scales), the meridian is reckoned from 
Eome (Monte Mario), which is 12® 28' E. of Greenwich. There is a 
topographical map, prepared by the Austrian Government, on the scale 
of 1 ; 75,000, in which the meridian is reckoned from Ferro; hnt this 
map is not used by the Geological Survey. 

^ For a fuller account of this Survey, see Nature, Kov. 24, 1881. 

* Four sheets, with a sheet of sections, were published at the end of 1884. 
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The publications comprise the ‘ BoUettino/ (in 8vo.), dating from 1870, 
of which fourteen volumes are published ; and ‘ Memorie ’ (in fob), dating 
from 1871, of which two volumes are published. These volumes contain 
numerous maps, on various scales, and plates of fossils. Many of the 
authors of papers here published are not connected with the survey; but, 
as a Geological Society was founded for Italy in 1881, the survey 
publications will probably in future be more purely official. 

Several semi«official maps are issued. Three are by Prof. Capellini, a 
member of the Gomitato. These are—^the Bolognese Apennines; Leghorn 
(each 1 : 100,000) ; Gulf of Spezia (1 : 50,000). 


E'ethbelands. 

Oommissie voor de Qeologische Kaart van Nederland (Haarlem). 

An official survey of this country was made by W. 0. H. Staring, and 
published (‘ Geologische Kaart van Nederland ’) at Haarlem, in 27 small 
sheets; 1858-67 with explanation. The scale is 1 : 200,000; the 
meridian Amsterdam, 4® 55' E. of Greenwich. The map shows 13 
varieties of alluvium, 8 of diluvium, 16 of Pliocene—Eocene, with other 
rocks down to Devonian. 

Another map (P not official) has been published by Kruijder, in six 
sheets, 1880. 


Noewat. 

OeologisJce Undersdgelse (Christiania). 

The geological investigation of this country is in two parts. That of 
Southern Norway, under the direction of Th. Kjerulf, dates from 1858; 
that of Northern Norway, under the direction of T. Dahll, dates from 
1866, and was completed in 1878. Eor the former there are two assist¬ 
ants, with extra help during the summer. 

The surveying work is done on various scales—^for the most part 
1 : 100,000, but some 20/, 50/, and 200,000. Eor the last the meridian 
is Eerro; for the others it is Christiania, 10® 43' E. of Greenwich. 

The published map of Southern Norway, in rectangular sheets, is 
on the scale 1 : 100,000, with contoui*s at 100 feet (1 Norwegian foot= 
12.35 English inches). iSeventeen sheets are published, dating from 
1876. These are grouped as follows: Trondhjem and district, 8 sheets^; 
Bergen, 2; Hamar, 2 ; phristiania and Predrickstadt, 5. Each sheet is 
priced kr. 1*60 (1 fe =; l^. IJd). 

A general map of part of Southern Norway (Diocese of Christiania, 
Samar, and Christiansand) was published in 1856-65, by Th. Kjerulf and 
T. DahU; scale 11 400,000; 10 sheets; with explanatory pamphlet in 
Erenoh; in this the meridian is Ferro. 

A general description of Southern Norway with atlas and ihap 
Geologiske Oversigtskarte,* 1 : 1,000,000), was published by Th. 
Kjerulf in 1879. (German translation, by Dr. A. Gurlt, in 1880). A 
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map of ISTortlierii iNTorway Geologisk Kart over det iN'ordlige Korge ’) 
on the same scale, was published in 1879 by T. DaML 

There is no regular publication of memoirs and papers of the survey ; 
but they appear in ‘ Nyt magazin for naturvidenskab/ and in other 
journals, transactions, and University treatises. The collection made by 
the survey is at present deposited in the Mineralogical Cabinet of the 
University of Christiania. 


POETUGAL.l 

Secgao dos Trabalhos Oeologicos de Portugal (Lisbon). 

This survey was commenced in 1857 (as Commissao Geol. de Portugal). 
It was reorganised with the existing title in 1869, under the direction of 
Carlos Ribeiro; he was succeeded, in 1883, by J. P. N. Delgado. 

The work is now done on the scale of 1 : 100,000; with occasional 
enlargements to double this scale. There are contours at intervals of 
25 metres. The map will be in 37 sheets, longitude reckoned from 
Lisbon, 9® 9' W. of Greenwich. The topographical map is not yet 
complete, and none of the sheets are published with the geology. 

Several memoirs have been published, dating from 1865; and also 
a general map—‘Carta Geologica de Portugal,’ by C. Bibeiro and 
J. F. K". Delgado, scale 1 : 500,000; 1876 (now out of print). 


Peussia. 

Koniglidhe Gedlogische Landes-Anstalt und Bergahad&niie m Berlin 

(Berlin). 

The publications of this survey date from 1870 ; the director is W. 
Hauchecorne. 

The map—‘ Geologische Special-Kartevon Preussen and den Thurin- 
gischen Staaten ’ is on the scale of 1 : 25,000; with hill-shaiding, and con¬ 
tours at intervals of 5 metres. 

It is divided into 88 ‘ Grad-Abtheilungen; ’ each subdivided into 60 

* Blattem,’ excepting on the frontier and sea-board, where some sheets are 
absent. Each complete ‘ Grad-Abtbeilung ’ contains exactly 1® of long, 
and 1® of lat.; each ‘ Blatt ’ contains 10' of long, and 6' of Ut.; the sheets 
are therefore not quite rectangular. The longitude is reckoned from 
Ferro, 18® 9' W. of Greenwich. 

The publication takes place in ‘ Lieferungeu/ each containing from 
three to nine maps of the same district, though not alwaya in the same 

* Grad-Abtheilung.* The ‘ Lieferungen ’ vary in price according to the 
number of maps included, averaging 2 marks per map' with its ‘ Erlan- 
tetung.’ The maps near Berlin are especially agricultural, minute 
variations of soil being indicated by signs; these form, a special set *of 
maps, in 27 sheets. In the coal districts two editions are issued, one 
showing the edges of the coal-seams beneath the newer rooks. 

^ ’ The first part of the serial publication of this Survey has just been Issued-r- 

* Commmioagoes da dos Trahalhos GeoUgicos de Portugal* tom, 1, faeo. 1,1886 i 
Svo. Lisbon. Some of the papers therein contained had been previously printed. 
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About 36 ‘ Lieferungen ’ are issued, containing 142 sheets ; which, for 
•convenience of reference, may he grouped as follows — 


Berlin, Potsdam, &c.27 

\Yettin, Jena, &;c.84 

Wiesbaden, Frankfort, &c.13 

Saaxbruck, &:c.18 


142 

Although all maps fit into the complete system of ‘Grad-Ahth/ and 
■* Blatt.* the earlier sheets published have a different set of numbers. The 
position of each map however, and its relation t.o the new system of 
numbering, oan he seen from the index-map on each ‘ Lieferungen,* 

A descriptive text (‘ Erlauterung ’) is issued with each map. 

There are also ‘ Abhandlungen,* dealing with special districts, palaeon¬ 
tology, &e. These date from 1872. They contain numerous plates and 
maps, the latter being sometimes separately issued. 

The ‘ Jalirhuch,* dating from 1880, contains shorter papers, reports &c. 

A reduction of the above-mentioned map—‘ Geologische Karte der 
Provinz Preussen,’ scale 1 : 100,000, is in course of publication. 

NtLUierons general maps of Germany or of parts of it are published, 
•the most important of which is that of H. von Deohen—‘ Geologische Karte 
•der Eheinprovinz und der Provinz Westfalen,* in 35 sheets, scale 1 : 80,000, 
A continuation of this map, on the same scale, being a redaction of the 
new Prussian survey, is now being prepared. The Wiesbaden sheet 
.{numbered 35) was issued in 1882. 


Geological surveys of some Germau States have been made on the 
scale of1 : 50,000, not all directly by the Government; but the great survey 
^hove described will probably absorb these, and will re-map the districts 
on the larger sca^e. 

Amongst* thesb local surveys are the following:— 

Badbn, made by Zittel and Sandberger. 

Hessb. ‘ Geologische Specialkarte des Grossherzogthums Hessen und 
.der angrenzenden Landesgebiete.* This survey, under the direction of 
B, Ludwig, is in eighteen sheets, with text. It was made by the 
Mittelrheittischer Geologischer Verein* (Darmstadt), and was published 
from 1856 to 1872. 

UriER Silesia. —A ‘Specialkarte der Oberschlesisohen Bergrevier.* 
.scale 1 :10,000, is published by the ‘k. Oberbergamt in Breslau *; in 
Lieferungen,* of ten or more sheets. The price of each sheet is mark. 


Boumania. 

Bluroulul GeologM BomdnH (Buchurest). 

Established in I882if under the direction of Gregoriti Stefhneseu, 
"for the purpose of providing materials for the International Geological 
Hap of JBnrope. One Beporb has been published (‘ Anuarulfi Biuroului 
Geologici,** anulu 1882-1883, Fo. 1, pp. 114,1884). The rocks contained 
, within tho kingdom, which are briefly described in this Beport, are 
•Orystalline Schists (Arch^an), Jurassic, Eocene, Miocene, Pliocene and 
^Quateraarj. This Beport contains descriptions, with analyses, of mineral 
springs. . 
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Ettssia. 

This survey ^ was commenced in 1882; the director is B. Cheresheff. 

The publications comprise Eeports in 8 vo., and Memoirs in 4to ; the* 
latter are illustrated by maps and plates; some of the Memoirs are descrip¬ 
tive of sheets of the maps, others of certain formations in various districts- 

The Eeports are in Eussian only; the Memoirs have title in French 
M 6 moires du Comite geologique ’), and a translation or precis in 
German. 

The map is on the scale of 1 : 420,000 ; to be completed in 154 sheets^ 
3 sheets are published. The meridian is Pulkowa, 30® 19' E. of Greenwich. 

The map has explanations and title in French:—‘ Carte geologique 
generate de la Eussie d’Europe,' 


A map of the Urals, prepared by the mining engineers, has been 
published by A. Karpinsky—‘ Geologische Karte des Ostabhanges des- 
Urals,’ 3 sheets, 1884. Scale 1 :420,000; with enlarged parts of 
1 : 210 , 000 . _ 


Saxony. 

Kmigliche Geologische Landesuntersuchung wn Sachsen (Leipzig). 

This survey dates from 1872 ; the publications from 1877.® The direc¬ 
tor has from the commencement been Hermann Credner. There are 
eight assistant geologists. 

The scale for mapping and publication is 1 : 25,000; the meridian is; 
Ferro, 18° 9' W. of Greenwich. The maps—‘ Geologische Special-Karte 
des Konigreiches Sachsen,* are contoured at intervals of 5 metres on 
the lowlands and 10 metres on the hills. 

The division of the maps, as regards lines of latitude and longitude^ 
is the same as in the Prussian maps* The maps of Saxony have a special 
numbering of their own, but most of those now published would be con¬ 
tained within Grad-Abth. 58 and 72 of the large Prussian map. 

The maps show all the drift-deposits, the soils being sometimes noted 
and described in detail. In some cases a separate edition, showing only 
the solid rock, is issued. There are also special issues for certain mining 
districts. 

Much attention is paid to the petrological variations in the crystalline- 
rocks, these being noted by letters and signs. 

Thirty-five sheets are published, all in the western part of Saxony, 
but those in the extreme south-west are not yet issued. The price of each 
sheet is 2 marks; of the accompanying ‘ Erlauterung ’ 1 mark* 

A general map has been published by the director, ‘ Uebei'sichtskarte 
des Saohsischen Granulitgebirges und seiner Umgebung,* scale* 
1 ; 100,000,1884 5 price, with Erlauterung, 5 marks. 

J For descriptions of this Survey, and of its publications, see I^atwrei vol. xxix. 
p* 93; XXX. p. 608; Geot Mag.y dec. iii. vol. i., p. 84,1884. 

* Detailed descriptions of the work and publications of the Survey of Saxony have 
been published by the director (H. Oredner) in MiUheiL des VereinsfUr Mvdhmde mv 
1877 and 1880. 
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Spain. 

Goniision del Ma^pcb Geol6gico de dUspaTia (Madrid). 

The Commission was formed in 1849, with F. Luxan as director. At 
one time under the Statistical Department, it was, in 1870, placed with 
that of the Mining Engineers. The existing organisation and systematic 
publication date from 1873, when the present director, Manuel Fernandez, 
de Castro, was appointed. ^ 

The Government topographical map of Spain is on the scale of 
1 : 50,000, with contours at 20 metres apart. This was commenced only 
in 1875, and few sheets are published; it will be completed in about 1,080 
sheets; this map is not used by the Geological Survey. Maps published 
by F. Ooello on the scale of 1 : 200,000, are those usually employed in 
the field work of the survey. The longitude in all is reckoned from 
Madrid, 3® 41' W. of Greenwich. 

The staff of the survey since 1873 has usually contained six mining 
engineers and seven or eight assistants. 

The maps are issued on the scale of 1 : 400,000, with the reports on 
each province (see below). 

The publications of the survey consist of the ‘Boletin,’ dating from 
1874, and the ‘ Memorias,’ dating from 1873. 

Each volume of the ^ Memorias ’ is devoted to the ‘ Descripcion fisica 
y geoldgica ’ of a single province 5 mining is added in the title of some,, 
and agriculture in others ; these latter being those written by Daniel de 
Oortazar. The volumes, of from 200 to 400 pages, contain plates of 
fossils, sections, &o., and also the maps (1 ; 400,000) already referred to. 

The * Boletin ’ contains shorter descriptions of special districts, trans¬ 
lations of foreign memoirs on Spanish geology, &c. The maps here are 
on various scales. Altogether, since 1873, twenty-seven provinces have 
been described; eleven of them with maps of 1 ; 400,000. 

Descriptions of some provinces, with maps, were published before the’ 
reorganisation of the survey in 1873 ; some had maps of 1 : 400,000. 

The palaeontological work of the survey is scattered throughout the 
various volumes, but this is now being collected and separately issued. 

The largest (and in some respects the best) general map of Spain and 
Portugal is that of De Verneuil and Oollomb (1 : 1,500,000), published 
in Paris in 1864; and a 2nd edition, with text, in 1868 (now out of 
print). Another map (1 : 2,000,000) was published by F. de Botella, of 
the Spanish Survey, in 1881. The price of this is 15 francs; there ia 
no text. 

At the conclusion of the work of the survey, now approaching, a 
complete map of Spain, on the scale of 1 : 400,000, will be published, in 
sixteen sheets; the first sheet will probably be published in 1885, 


* A full account of this survey was published for the Mining Exhibition in^ 
Madrid, Maija Geot m origon^meisitVjdes y drmmdanoim aotualen^ 

with two index maps {Bol&tin, t. x.). An earlier publication—* Mmwna, .... del 
Mapa Gmt MpaM* 1876, Madrid, pp. 183, gives a full account of the geological, 
literature of Spain (in provinces) and its foreign possessions. 
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Sweden. 

Sveriges OeologisJca TJndersdhvmg (Stockholm).^ 

This survey was commenced in 1858 with Alex. Erdmann as director. 
In 1869-70 the director was A. E. Tornebohm; he was succeeded in 
1871 by the present director^ Otto Torell. 

The staff consists of twelve geologists, with some additional assistants 
during the summer months. 

The survey is made on two scales; in the more populous districts, 
1 : 50,000; in the mountainous districts, 1 :100,000. In the former 
case the maps are published on that scale, in the latter the publication is 
on the scale of 1 : 200,000. 

The meridian is Stockholm, 18® 3' E. of Greenwich. The maps are 
not contoured, but numerous heights are given in Swedish and Nor- 
ivegian feet (=12*35 English inches). 

The publications date from 1862. 

Of the sheets on the 1 : 50,000 scale (Ser. A, a) about 83 are published; 
these are numbered in tbe order of publication, irrespective of their 
relative positions. Bach sheet is accompanied by a descriptive ‘ Beskrif- 
ningar.’ The prices, for map and description, are 2 kronor) for the full 
sheets, 1 or kroner for the coast sheets (1 kroner =ls. l^d ). 

Of the sheets on the scale of 1 : 200,000 (Ser. A, b) ten are published ; 
each with ‘ Beskrifningar,’ price 1|^ kroner. 

All the maps give the distribution of the superficial deposits, but a few 
-are published with special reference to these and to agriculture. That 
of the environs of Skotfcorp, scale 1 : 4,000, shows by signs the nature 
and composition of the soil in great detail. There are also some special 
maps refemng to mining, &c.; these extra maps are in Ser. B. 

A general map of Southern Sweden (south of lat. 59® 45')» on the 
scale of 1 :1,000,000, will probably be published with a description 
during this year (1884). 

In addition to the explanations of the maps there are memoirs in 
Ser. 0 Q Afhandlingar och uppsatsen ’) in 8vo. or 4to., with or without 
plates or atlas. Eighty of these are published, dating from 1863, at 
various prices up to 8 kroner. They refer to palaeontology, stratigraphy, 
petrology, economic and theoretical geology; most are in Swedish, but 
a few are in Erench, German, or English. 

A map of the iron district of Central Sweden, though not an otiicial 
publication of the survey, should be mentioned here. This was prepared, 
hy A. E. Tornebohm, for the Board of Swedish Ironmasters (Jernkontoret)* 
It m in nine sheets (1879-82); each, with description, price 4 kroner. 
Its title is ^ Geologisk Ofversigtskarta ofver Mellersta Sveriges Bergslag; ^ 
the scale is 1 : 250,000. 

Another similar publication, also by Tornebohm, is ' Geologisk atlas 
dfver Bannemora Grufvor,' in 17 sheets, with description, 1878. 

All the publications referred to are issued at Stockholm. 


* This survey is described in La, Carte geohgigxm do la Suede et ses envois it, 
LMikponidan Umverselle de PaHs $n 187S, mee wie descHjpUon snccinete desformati^^ 
gSohgigues de la Bitiede, 8vo. Stockliolm, pp. 67,1878. 
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Switzerland. 

jBeitrage ^ur Geologisclien Karte der Schweiz {Materiaux pour la Oarte 
Oeologique de la Suisse) (Berne). 

The present organisation dates from 1859, when the Federal Council 
offered to the Swiss Natural History Society a grant in aid of colouring 
geologically the topographical map (‘ Carte Dufour ’). A geological com¬ 
mission of five members was then formed, with Bernhard Studer as 
president. 

The map is in 25 sheets; three of the corner sheets are for title, 
index, &c. Eighteen sheets are published, those not yet issued being XIII., 
XIY., and XVIII., all in Central Switzerland. 

The scale is 1 : 100,000 ; the meridian is Paris, 2® 20' E. of Greenwich. 

The text, chiefly' in German, but partly in French and Italian 
•according to the locality described, is contained in ‘ Lieferungen ' 1-28, 
dating from 1862. Some of these describe one or more sheets of the 
map ; others describe special districts, with maps on the scale of 1 : 50,000 
or 1 : 25,000. 

A general map, ‘ Carte Geol de la Suisse,’ was published by B. Studer 
and A. Escher von der Linth in 1853, scale 1 : 350,000; with text— 
Geologic der Schweiz,’ by B. Studer, 2 vols., 1851-53. 


United Kingdom. 

Geological Survey of the United Kingdom (London). 

The founder of this survey was H. T. De la Beche, who before 1832 
had coloured geologically the Ordnance one-inch maps of the South-West 
■of England. In that year a small grant was made by the Government 
towards the cost of publishing these maps by the Ordnance Survey, but 
De la Beche also contributed money for the purpose. Subsequently De la 
Beche was definitely appointed to make a Geological Survey, under the 
direction of General Colby, then the head of the Ordnance Survey. The 
first result of this was the publication of the ‘ Eeport on the Geology of 
Devon, Cornwall, and West Somerset,’ 1839, with the one-inch maps of 
the district. 

About 1832 other geologists were surveying various districts upon 
the one-inch maps of the Ordnance Survey—William Smith in many 
parts,^ and W*. Lonsdale near Bath. H, Maolauchlan and J. E. Wright 
{both of the Ordnance Survey) mapped the Forest of Dean and the 
country around Ludlow respectively, W. Logan surveyed part of 
S. Wales ; the information collected by these three observers was incor¬ 
porated in the official geological maps. 

In 1845 the Geological Survey was detached from the Ordnance Survey 
•and was placed under the ‘ Office of Woods and Works;’ in 1854 it became 
a branch of the * Department of Science and Art.’ 

From about the year 1832 some officers of the Ordnance Survey in the 
Sr, of Ireland collected geological information, which was completed and 
published hy Captain J. E. Pprtlock in 1843. 

^ * Smith made a Geological map of Somersetshire upon the one-inch scale in 

ir^0. 
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The geological survey of Ireland was commenced in 1845, with 
Captain H. James as director, the subsequent directors being T. Oldham^ 
1845 ; J. B. Jukes, 1850; E. Hull, 1869. 

The survey of Scotland was commenced in 1854, and was made a 
distinct branch of the geological survey in 1867, with Arch. Geikie as 
director, succeeded in 1882 by H. H. Howell. 

England, the original home of the Survey, was presided over by De la 
Beche as director till 1845, when A. 0. Bamsay became director; he was 
succeeded in 1872 by H. W. Bristow, now the senior director. 

The dates of appointment of the Directors-General are : H. T. De la 
Beche, 1845 ; Sir B. I. Murchison, 1855; A. 0. Bamsay, 1872; Arch. 
Geikie, 1881. 

Until 1845 the Survey was known as that of Great Britain ; when the 
survey of Ireland was commenced, the original name was confined to that 
of Great Britain proper, the entire Survey being called that of the United 
Kingdom. In 1867 the title of Great Britain was discontinued entirelyy 
this Survey being divided into those of England and Wales and Scotland. 

The total number of the staff of the Geological Survey is now fifty-seven, 
distributed as follows: one Director-General, three Directors, three 
District Surveyors, fourteen Geologists, twenty-fi.ve Assistant Geologists, 
four naturalists and Palseontologists, four Fossil Collectors, three General 
Assistants. 

The survey of the greater part of England has been done on the 
1-inch Ordnance maps (1 : 63,360). In the north of England the 6-inoh 
maps (1 : 10,560) have been used, and much of the ground has been 
published on this scale. In the South of Scotland the 6-inch maps have 
been used ; but in the north of Scotland the survey will be mainly on the 
1-inch scale. In Ireland the 6-inch maps have always been employed for 
field work. 

The contours on the 6-inch maps are usually at intervals of 100 feet 
up to 1,000 feet, above that at intervals of 250 feet. lu the maps of 
Yorkshire the contours are more numerous. The old 1-inoh maps, on 
which alone the geology is yet published, have no contours, but heights, 
are marked in some districts. 

In Ireland the drift has always been shown upon the 1-inoh maps by 
^ stippling.’ Originally no glacial drift was shown upon the English maps; 
but in 1871 the publication of drift maps was commenced, and two editions 
of many of the maps are now issued^— solid and drift. In the East of 
England only the drift maps are issued, very little being here known of 
the solid geology. 

At the end of 1883 the field survey of the original 1-inch map of 
England and Wales was completed; the survey of the drifts of the 
areas over which these are not yet mapped has been commenced. 

In Ireland and Scotland there is only one system of numbering the 
maps. In England some maps are in sheets, some are divided into quarter 
s/zaefe. In the new maps of the Ordnance Survey the system of dividing 
into quarter-sheets will be discontinued. The maps and their divisions 
in the Horth of England are the same in the old and the new series, the 
numbering only being different; but in the South of England there is 
no relation between the boundaries of the old and the new maps# 

In addition to the maps there are ^ Horizontal Sections,’ on the scale 
(for heights and distances) of six inches to a mile* These are published 
at 5^. each; many have * Explanations,’ price 2c?. each. 
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The details of Coal Measures, Cliff Sections, &o., are given on sheets 
«of ‘Vertical Sections,’ ds, 6d. each. 

An ‘ Index Map,’ scale four miles to the inch (1 : 253,440) has been 
published of Wales and the adjacent districts, in six sheets, price 3s. Qch 
•each. An Index Map of the whole of England and Wales, upon the 
same scale, is now in progress. 

In all maps of the United Kingdom the meridian is Greenwich. 

The publication of the Maps of England dates from about 1839, 
those of Ireland from 1855, of Scotland from 1859. 

The number of maps and sections published is shown in the following 
table ^:— 





England 







and 

Wales 

Ireland 

Scotland 

Total 

1-inch map 
(1; 63,360) 

Solid.... 

183 "l 





(sheets or quar¬ 
ter-sheets in 

Drift edition of solid 
map 

49 i 

244 

180 

33 

457 

England and 

Drift only 

I 2 J 





Wales) J 






6-inoh maps (1 

: 10,560) 

, 

216 

10 

128 

364 

Horizontal sections , , . . 

, 

129 

30 

9 

168 

Vertical sections .... 

• 

69 

1 

7 

77 


Total , 

• 

668 

221 

177 

1,066 


The prices of the l-inch maps are from Is. 6d, to 8s. for Eng¬ 
land (a few detailed drift maps at higher prices); U*. 6d, to 3^. for 
Ireland ; 4s. to 6s. for Scotland; of the 6-inch maps, 4s. to 6s. 

The ‘Memoirs’ of the Geological Survey date from 1845. Four 
volumes were consecutively numbered; voL 1 and vol. 2 (in two parts) 
•contain several papers. The other two volumes and all later ‘ Memoirs ’ 
^re each confined to one subject or district. 

Memoirs or Explanations of sheets of the map have been issued since 
1859; those published are—^for England, 49; Ireland, 92; Scotland, 17. 

British fossils are described in ‘ Decades ’ (thirteen published, from 
1849) and ‘ Monographs ’ (four published, from 1859). 

‘Mineral Statistics’ were published annually from 1868 to 1882; 
but in 1883 the Mining Eeoord OfGlce, in which these were prepared, was 
removed to the Home OiOBioe, and the statistics are now issued as parts of 
the Beports of the Inspectors of Mines. 

1^0 official general map has been issued by the survey, but the follow¬ 
ing maps, on scales varying from seven to eleven and a half miles to 
the inch, have been published by the directors of the respective surveys; 
they are reductions of survey wort to date: British Islands, by A. C. 
Eamsay, 1878; England and Wales, by A. 0. Eamsay, 4th ed. 1879; 
Ireland, by J. B. Jukes, 1867; Ireland, by E. Hull, 1878; Scotland, by 
A. Geikie, 1876. 

' A Catalogue oftlie PuMicatims of the Geological Survey of the United MugdoTn^ 
to 1884 has been issued, with index maps, pp. 95, price X^. 
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'Report of the Committee^ consisting of Messrs. E. B. GrRAifTHAM,. 
C. E. Be Range, J. B. Redman, W. Tofley, W. Whitakee, aoid 
J. "W. Woodall, tvith Major-General Sir A. Clarke, Sir J. N* 
Douglass, Captain Sir P. 0. Evans, Captain J. Parsons, Professor 
J. Pbestwich, Captain W. J. L. Wharton, and Messrs. E. Easton,. 
J. S. Valentine and L. F. Vernon Haroourt, appointed for the 
purpose of inquiring into the Rate of Erosion of the Sea-coasts 
of England and Wales ^ and the Influence of the Artificial A'bstr ac¬ 
tion of Shingle or other Material in that Action, Drawn up hg 
0. E. De Range and W. Topley, Secretaries, 

The importance of the subject referred to this Committee for investigation 
is universally admitted, and the urgent need for inq uiry is apparent to 
all who have any acquaintance with the changes which are in progress 
around our coasts. The subject is a large one, and can only be success¬ 
fully attacked by many observers, working with a common purpose and 
upon some uniform plan. 

The Committee has been enlarged by the addition of some members 
who, by official position or special studies, are well able to assist in the 
work. 

In order fully to appreciate the influence, direct or indirect, of human 
agency in modifying the coast-line, it is necessary to be well acquainted 
with the natural conditions which prevail in the places referred to. The 
main features as regards most of the east and south-east coasts of England 
are well known; but even here there are probably local peculiarities not 
recorded in published works. Of the west coasts much less is known. 
It has therefore been thought desirable to ask for information upon many 
elementary points which, at first sight, do not appear necessary for the* 
inquiry wdth which this Committee is entrusted. 

A shingle-beach is the natural protection of a coast; the erosion of 
a sea-clifl which has a bank of shingle in front of it is a very slow pro¬ 
cess, But if the shingle be removed the erosion goes on rapidly. This, 
removal may take place in various ways. Changes in the natural distri¬ 
bution of the shingle may take place, the reasons for which are not 
always at present understood ; upon this point we hope to obtain much 
information. More often, however, the removal is directly duo to arti¬ 
ficial causes. 

As a rule, the shingle travels along the shore in definite directions. 
If by any means the shingle is aiTested at anyone spot, the coast-line 
beyond that is left more or less bare of shingle. In the majority of cases- 
such arresting of shingle is caused by building out ‘ groynes,' or by the 
construction of piers and harbour-mouths which act as large groynes. 
Ordinary groynes a^ built for the purpose of stopping the travelling of 
the shingle at certain places, with the object of preventing the loss of 
land by coast-erosion at those places. They are often built with a reck¬ 
less disregard of the consequences which must necessarily follow to the 
coast thus robbed of its natural supply of shingle. Sometimes, however, 
the groynes fail in the purpose for which they are intended—-by collecting* 
an insufficient amount of shingle, by collecting it in the wrong places, or* 
from other causes* These, again, are points upon which much valuable 
information may be obtained., 
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Sometimes the decrease of shingle is dne to a quantity being taken 
away from the beach for ballast, building, road-making, or other purposes. 

Solid rocks, or numerous large boulders, occurring between tide-marks, 
are also important protectors of the coast-line. In some cases these have 
been removed, and the waves have thus obtained a greater power over 
the land. 

To investigate these various points is the main object of the Committee. 

A large amount of information is already in hand, much of which has 
been supplied by Mr. J. B. Bedman, who for many years has devoted 
special attention to this subject. Mr. R. B. Grrantham has also made 
important contributions respecting parts of the south-eastern coasts. 

But this information necessarily consists largely of local details, and 
it has been thought better to defer the publication of this for another 
year. Meanwhile the information referring to special districts will be 
made more complete, and general deductions may be more safely made. 

As far as possible the information obtained will be recorded upon the 
six-inch maps of the Ordnance Survey. These give with great accuracy 
the condition of the coast, and the position of every groyne, at the time 
when the survey was made. 


Appended is a copy of the questions circulated. The Committee will 
be glad of assistance, from those whose local knowledge enables them tO’ 
answer the questions, respecting any part of the coast-line of England and 
Wales. 

Copies of the forms for answering the questions can be had om 
application to the Secretaries. 

Appendix—Copy of Questions, 


■ 3 , What part of the English or 'Welsh j 
Coast do you know well ? 

2. What is the nature of that coast ? 

{a) If cliffy, of what are the cliffs 
composed ? 

(h) What are the heights of the 
cliff above H.W.M. ? 

Greatest; average; least, 

5. What is the direction of the coast¬ 

line? 

4. What is the prevailing wind ? 

6. What wind is the most important— 

(a) In raising high waves ? 

(f) In piling up shingle ? 

(c) In the travelling of shingle ? 

6. What is the set of the tidal currents ? 

7, What is the range of tide ? 

Vertical in feet. Width in yards 
between high and low water. 

At Spring tide j at Neap tide ? 

d. Does the area covered by the tide 
consist of bare rock, shingle, sand, 
or mud ? 


9. If of shingle, state— 

(a) Its mean and greatest breadth. 
(7;) Its disti’ibution with respect tO" 
tide-mark. 

(fi) The direction in which it travels. 
(d) The greatest size of the pebbles. 
(£)) Whether the shingle forms one 
continuous slope, or whether 
there is a ‘spring Mr and 
‘ neap full.^ If the latter, state 
their heights above the respec¬ 
tive tide-marks. 

10. Is the slaingle accumulating or 

dixninishing, and at what rate ? 

11. If diminishing, is this due partly or 

entirely to artificial abstraction? 
(te No. 13.) 

13. If groynes are employed to arrest the 
travel of the shingle, state— 

(a) Their direction with respect^ 
to the shore-line at that point. 
(&) Their length. 

( 4 ?) Their distance apart. „ 
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{d) Their height— 

(1) When built. 

(2) To leeward above the shingle. 

(3) To windward above the 
shingle. 

(e) The material of which they are 
built. 

(J) The influence which they exert. 

•13. If shingle, sand, or rock is being 
artificially removed, state— 

{a) From what part of the foreshore 
(with respect to the tidal range) 
the material is mainly taken. 
(Jb) For what purpose. 

(c) By whom—Private individuals. 

Local authorities. Public com¬ 
panies. 

(d) Whether half-tide reefs had, 
before such removal, acted as 
natural breakwaters. 

14. Is the coast being worn back by the 
sea ? If so, state— 

( a) At what special points or districts. 
(h) The nature and height of the 
cliffs at those places. 

(fi) At what rate the erosion now 
takes place. 

{d) What data there may be for 
determining the rate from early 
maps or other documents. 

(<?) Is such loss confined to areas 
bare of shingle ? 

X6, Is the bareness of shingle at any of 
these places due to artificial causes ? 


{a) By abstraction of shingle. 

(&) By the erection of groynes, and 
the arresting of shingle else¬ 
where. 

16. Apart from the increase of land by 

increase of shingle, is any land being 
gained from the sea 1 If so, state— 
(a) From what cause, as embanking 
salt-marsh or tidal foreshore. 

(5) The area so regained, and from 
what date. 

17. Are there ‘ dunes ’ of blown sand in 
your district 1 If so, state— 

The name by which they are 
locally known. 

(jb) Their mean and greatest height. 

(e) Their relation to river mouths 
and to areas of shingle. 

(d) If they are now increasing. 

(js) If they blow over the land; or 
are prevented from so doing by 
* bent grass ’ or other vegetation, 
or by water channels. 

18. Mention any reports, papers, maps, 

or newspaper articles that have 
appeared upon this question bear¬ 
ing upon your district (copies will 
be thankfully received by tbo 
Secretaries). 

19. Eemarks bearing on the subject that 

may not seem covered b3> the f03’8- 
going questions. 


2^.B. — Ansrti&i's to the foregoing gnestionswill ioimost cases he rejidered more •j^reclse 
•mid mltiahle hj sketches iUustrating the joints referred to. 


Report of the Committee^ consisting of Professors A. H. GtKEEN cmcl 
L. C. Mtall and Messrs. JoHisr BEioa James W. Davis 
{Secretary)^ appointed to assist in the Exploration of the Ray gill 
Fissure in Lothersdale^ Yorkshire, 

DxJEiHa the past year operations Have been entirely suspended, to 
enable tbe proprietors of the quarry in which the fissure is situated to 
remoTe, by quarrying, a large mass of limestone, which greatly interfered 
with the work of excavation by your Committee. The removal of this 
limestone is now nearly completed, and it is hoped that in two or three 
months the examination of the fissure may be resumed. The importance 
of the work was sufficiently demonstrated in the report of last year, and 
your Committee suggest that the grant of Ihl, should he renewed and 
increased to 20Z. They wish to express their sense of the kindness of the 
proprietors, Messrs. Spencer, who have, at considerable cost and no small 
inconvenience, greatly facilitated the work of the Committee, besides 
reducing the cost of its future explorations. 
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Fourth Report of the CommLitee^ consisting of Mr. R. Etiiepjdge, 
Mr. TjiOMAS Gieva", and Professor John Milne {Secretary\ 
appointed for the purpose of investigating the Earthqnahe 
Phenomena of Japan. Draivoi up by the Secretary. ' 

During the last yeai% that is, from June 1883 to the cud of May 1884, 
only thirty-nine earthquakes have been recorded in Tokio. In the three 
previous years during coi^responding periods the niijnber of records were 
75, 57, and 28. JSTofc only have the shocks been few in number, but they 
have also been unusually feeble. At the time wlion the greatest shocks 
occurred, which was at the end of December and in January, I was 
absent from Tokio on a visit to the Takashima Colliery, near Nagasaki, 
with the object of establishing an nnderground observatory. 

Although, as these remarks indicate, my opportunities for the obsei'- 
vation of earthquakes have been small, I am pleased to state that I have 
been singularly fortunate in obtaining a series of most interesting records, 
and at the same time have had leisure to work up a portion of the nu¬ 
merous observations which during the last few years have been steadily 
accumulating. A few of the results which have been obtained have 
already been communicated to the Seismological Society. These, together 
with others which yob remain for publication, ai'e briefly as follows: 

Determination of areas from toliich the sJiaJdngs so often, felt In North Japan 

emanate. 

In my report to the British Association in 1882,1 stated that I had 
sent bundles of postcards to all the important towns within a radius of 
sixty to one hundred miles of Tedo, with a request that every week one 
of these cards should be returned to me together with a statement of the 
earthquakes whieh had been felt. Subsequently the boundary of the 
postcard area was extended until it covered the whole of Japan north of 
Tokio. I did not extend the area far towards the south, because I quickly 
discovered that it was seldom that earthquakes originated in that direction 
whilst disturbances iravelHng from the north towards the south quickly 
died out as they reached heavy mountain ranges which in that part of the 
country had a strike at right angles to the direction in which the dis¬ 
turbances were travelling. At the end of Septomher 1883, after exactly 
two years of observation, I ceased to supply my correspondents with 
postcards and commenced tlie ai'rangement and uualysis of the accumu¬ 
lated material, Prom regular observers I found that I had received 
about 1,500 letters, whilst there were also a large number of others from 
casual correspondents. I also had the records of instruments placed in 
various parts of the country, and a very extensive series of diagrams and 
notes made by myself and others in Tokio and Yokohama, 

In the two years I refer to, in North Japan and Yezo 387 earthquakes 
had been noted. Of each of these I was enabled to draw a map showing 
the area over which it had been feU, and to indicate approximately its 
origin. In the determination of origins I was greatly -assisted by the 
records of instruments and the time observations whieh had been choked 
by daily time signals sent by the Telegraph Department from Tokio. 
One hundred and twenty-five of those maps drawn on a small scale 
1884 n 
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I am glad to Lave it in my power to say are now being publisLed by the 
Seismological Society. 

The results wLich these observations have given, although in certain 
cases only confirmatory of previous observations, may be epitomised as 
follows:— 

1. Out of the 387 shocks, 254 have been local, the area shaken in 
some cases not exceeding 50 square miles. The remaining 133 disturb¬ 
ances each shook an area with an average diameter of 45 miles. A few 
of the larger shocks shook an area the radius of which was at least 150 
miles. As the latter originated far out at sea their effects on the land 
were small. At least fifteen cases have occurred when an earthquake 
Las been practically felt at tbe same time over two distant areas—obser¬ 
vers in the intermediate ar'eas not having felt any disturbance. The 
distance between sucli areas has been as much as 150 miles. 

2. The area where the most earthquakes have been felfc is along the 
line of the Tonegawa, especially near its moutb, which is one of the 
flattest parts of Japan. hTo less than eighty-four per cent, of all the 
earthquakes observed have originated beneath the Pacific Ocean, oi' on 
the land close to tbe sea-board. 

The volcanic regions of Japan and the mountainous districts arc sin¬ 
gularly free from earthquakes. 

Unless an earthquake is-very severe it invariably grows feebler as it 
approaches the mountains and then dies out without crossing them. The 
mountains referred to are broad ranges, having peaks from 6,000 to 
10,000 feet in height. 

In many respects the distribution of seismic activity in Japan holds a 
'Close relationship to the distribution in South America. In the centre of 
J’apan we have high mountain ranges consisting of granite, motamorphic 
slates and limestones, and old volcanic rocks, pciTorated by tbe vents 
from which materials have been ejected to form modern volcanoes. 

The mountains to the eastward slope steeply beneath a deep ocean, 
whilst to the west there is a very gentle slope. The earthquakes chiefly 
‘Originate on the steep slope beneath the deep ocean. In South America 
many of the destructive earthquakes appear to have had a similar origin. 

3. Of the 887 earthquakes, 278 occurred during the winter months 
and 109 during the summer months. If, for convenience, wo consider the 
intensity of an earthquake as being proportional to the area shaken, tliou 
the seismic energy of the winter months to that of the summer months 
is in the ratio of about 3:1. 

In the whole of Japan on the avei'age there is at least one shook per 
day, possibly two or three. ^ This is a number which European seismo¬ 
logists, basing their calculations on catalogues (which for Japan are ex¬ 
ceedingly imperfect), have given for the whole world. 

4. Taking either the 387 earthquakes here referred to, or the records 
of earthquakes made during the last ten yeax’S in Tokio, by means of 
instruments working automatically, we find that their occurrence closely 
follows curves of temperature. A peculiarity is that the sinuses of the 
Ourves of mean monthly temperatures are generally a little in advance of 
the crisis of the waves indicating the frequency of earthquakes. In con¬ 
nection with this observation attention may be drawn to the fact that the 
curves of temperature are those for the air, whilst many of the earth¬ 
quakes originated beneath the ocean, which gains temperature slowly and 
loses it slowly. 
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There has been no marked connection between the occurrence of 
earthquakes and the position of the moon. 

'6. Earthquakes have been 11*2 per cent, more numerous at low- 
water than at high water. It is frequently assumed that earthquakes are 
more frequent at one time rather than at another. I have spent much 
time in the tabulation of the earthquakes of Japan and other countries, 
oompariug together the frequency of earthquakes at certain phases of the 
moon, at particular seasons, during tbe day as compared with the night, 
relatively to the state of the barometer and other meteorological changes, 
<&c., with the general resulc that there are no strongly marked periods 
when earthquakes may be expected, the exceptions to rules which may 
bo formulated being almost as numerous as the cases which were the 
foundation for the rules. The most marked rule about earthquakes is 
that they chiefly occur during the cold months, 

7. With regard to the nature of earthquake motion as deduced from 
the numerous diagrams which have been obtained, I cannot say that 
they do more than confirm the results which I have already communi- 
■cated to the British Association. The greater number of shocks had a 
duration of from twenty to sixty seconds, but some lasted more than four 
minutes. The duration recorded depended on the situation of the 
observer, and on the nature of the instruments. Two observers, with 
•similar instruments, two or three hundred yards apart, might con¬ 
siderably differ as to the length of time assigned for the duration of a 
disturbance. If one observer was situated on a marsh whilst the other 
was on hard ground, the former would record the longer time for the 
duration of sensible motion. 

An instrument with a large multiplying index, and sensitive to small 
but quick movements, will often commence to write a record before an 
instimmeht which has only a small multiplying power. Again, an instru¬ 
ment -with veiy little friction, and susceptible to very slow movements, 
will continue to write a record, after an instrument with considerable 
friction has ceased to move. Strictly speaking it would appear that 
the whole of an earthquake has never yet been recorded; many of the 
preliminary tremors at the commencement of a disturbance and the slow 
pulsations which bring a disturbance to a close being lost. 

The preliminary tremors have an amiflitude which is a small fraction 
•of a millimeter, and a period of twenty-five seconds to sixteen seconds. 
The tremors may be followed by a shock which consists of three or four 
very rapidly performed back and forth motions, having an amplitude of 
from one to ten millimeters. The maximum acceleration dui'ing such a 
movement, calculated on the assumption of harmonic motion, sometimes 
reaches five hundred millimeters per second. Such a shock is on the 
verge of being dangerous. In ordinary disturbances it is from ten to 
one hundred millimeters per second. After tbe shook we get a series of 
irregular motions, peibaps accompanied by other shocks. These irregular 
motions are the chief features inordinary disturbances, and the tremors 
and shock may be absent. The maximum amplitude recorded is from a 
fraction of a millimeter to one or two millimeters. The period is from 
five seconds to three seconds. The direction of motion of these irregular 
vibrations constantly changes. They do not appear to have any direct 
<}onnection with that in Avhich the earthquake is being propagated. The 
direction of a shook, however, seems to coincide with the direction of 
propagation. 
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As the disturbance dies out the period o£ these irregular movements 
increases, and waves with a period of two or three seconds have been 
recorded. 

For information respecting the velocity of propagation, I will refer 
to my report of 1881, where some general results were given. I shortly 
expect to be able to give more definite information on this subject. 


Uxjperiments on the Direction of Motion of a Foliit 

Hitherto the only means that we have had at onr disposal for de¬ 
termining the direction of motion of a point, has been either to combine 
the records of two rectangular components, or to trace a few of the more 
conspicuous curves in a record given by a seismograph writing on a 
stationary plate. Both of these methods can only be applied to prominent 
vibrations in a record, and each of them, unless under special circum¬ 
stances, is liable to error. The records given by seismographs with 
single indices writing on moving plates, are for several reasons also open 
to error, especially perhaps on account of the friction of the moving plate 
exerting a drag on the recording index. To partially overcome these 
difBculties, I have constructed a record receiver which works as follows : 
—Shortly after the commencement of the disturbance, the smoked plate 
on which the index of a seismograph is writing, is suddenly dropped 
vertically out of range of the index. It is next pushed along horizontally, 
and then raised vertically back to its original level, so that it is again in 
contact with the recording point. 

This operation is quickly repeated twelve limes, at intervals of every 
two seconds, so that twelve different diagrams are obtained on a strip of 
smoked glass, each one being written on a different part of the plate. In 
this way all effects of drag produced by the moving plate upon the pointer 
are eliminated. As I have thus far only obtained one set of diagrams, I 
must reserve a description of the results until a future occasion. 


The simuUa 7 ieoiis ohservation of Barthqualces at three stations in 
Telegrofldc connection. 

The advantages to bs gained by the observation of earthquakes at throe 
or more stations in telegraphic connection were first definitely pointed 
out by Professor J. A. Ewing, in a communication to the Seismological 
Society, A very similar method had, however, been previously followed 
by Mr. T. Gray and myself, in onr observations on artificially produced 
disturbances. 

The method which I am now following is briefly as follows :—^ISTear 
to my house I have established, at the corners of a triangle, the sides of 
which are each approximately 800 feet, similar instruments. These are 
fixed on the heads of stakes level with the surface of the ground. The 
records are written on smoked glass plates which at the time of an earth¬ 
quake are drawn by means of a falling weight beneath the writing indices. 
By means of electrical connections, these plates are simultaneously set in- 
motion by the withdrawal of a catch. As they move along, time intervals 
are marked by levers deflected by electro-magnets every time a small 
pendulum passes a cup of mercury. The pendulum, which is usually held 
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deflected, is set swinging by an automatic airangement in my house. Its 
first swing relieves the catches and sets the plates in motion. By means 
of the time ticks it is easy to compare the occurrence of any special 
vibration taken at the various stations within one hundredth part of a 
second. At the corner of my triangle, at Station Number I., the ground 
is moderately hard. Station II. is situated on a small promontory leading 
out into a marsh and near a shallow pond. Station III., where the 
ground is moderately hard, is behind a heavy brick building which stands 
very near to the almost perpendicular face of a deep moat. The results 
which have hitherto been obtained, are briefly as follows :— 

1. The diagram e.vtending over the longest period of time and showing 
the largest waves is always obtained from Station II. in the vicinity of 
the marshy ground,- -the diagrams at the other two stations being much 
smaller. The smallest record is invariably that at Station HI. near the 
deep moat. 

2. At Stations T, and II. waves which may be the same can oc¬ 

casionally bo identified, bub the identification of a vrave at HI., which is 
common to I. and II., is not only rare, but it is accompanied by great un¬ 
certainty, * 

3. In a given earthquake •vve find that the frequency of waves at the 
different stations in given intervals of time is different. For example, the 
number of complete east and west vibrations during the first twenty 
seconds of time at the different stations during five earthquakes w^as as 
follows:— 


Frequency of Waves, 
Ninnher of Waves in twenty seconds. 


1884. 

Date of Eartliqualio 

Station I. 

Station IT. 

Station HI. 

March 26 . 

38 

H 

Not observed 

March 31 . 

23 

20 i 

! 21 

April 6 .... 

23 

21 1 

1 20 

May 6 . . . . ' 

61 

30 i 

61 

May 11 . , . . 1 

58 

30 i 

■ 64 


From the above tabic it is evident that the average period must be 
different at different stations. The small number of waves observed at 
Station III. in March 31 and April 6 is probably due to the smallness in 
amplitude of many waves, which, because the period of the earthquakes 
was long, have coalesced in the diagram to form a straight line. Speaking 
generally we may say that the average period is longest at Station 11. 
near the marsh. 

At any given station, however, the period varie.s considerably during 
the same disturbance. Thus, in March 31, the period of the* north and 
‘South motion near the commencement of the disturbsincc 'was *26 second. 
A few seconds later it was *4 second. 

A similar result is obtained by the analysis of the diagram taken at 
Station II. Selecting the largest wav^s from the diagrams of the different 







246 


EEPOET— 1884 , 


earthquakes which are seen to he in the north and south components o 
motion, their periods in seconds are as follows:— 

Periods in Seconds 


1884. 

Date of Earthquake 

Station I. 

Station 11. 

Station HI. 

March 26 . 

■66 

•60 


March 31 . 

•26 

•28 

•33 

April 6 . . . . 

•45 

•65 

•40 

May 6 . , 

•48 

•60 

*53 

May 11 ... . 

*26 

•45 

•28 


The maximiim aiaplitudes or Lalf semi-oscillation in millimeteri: 
measured in the north and south components, are as follows:— 

Amplitudes in Millimeters 


1884. ' 

Date of Earthquake j 

Station I. 

Station II. 

Station IIL 

March 26 . . . . ; 

*166 

•65 


March 31 , . . . ! 

*062 

•104 

*041 

April 6 , 

•16 

•8 

*08 

May 6 . . . . i 

•3 

1 't 

•08 

May 11 . . . . : 

•20 

1 

•08 


On the assumption of harmonic motion the maximum velocities in 
millimeters per second calculated from the above periods and amplitudes 
are as follows :— 


Maxiimim TelocitiCw^? in Millimeters per second 


1881. 

Date of Earthquake 

Station I. 

Station II. 

Station TIL 

March 2G , 

March 31 . . , , 

April 6 , 

May 6 • , 

May 11 . . . . 1 

1-5 

1-4 

2*2 

3-r 1 

^ 1 

. 

5-6 

2'3 

7*4 

10 

10 

•75 

1 1-2 

1 -3 

1 1*7 


The maximum acceleration in millimeters per second calculated from 
the maximum velocities and amplitudes, is as follows:— 

Maxiinnm Acceleration in ]\fillimeters per .second 


1884. 

Date of Earfcluquake 

>Station I. 

Station II. 

Station III. 

March 26 «... 

1-4 

4S'2 


March 31 . 

31-2 

46*6 

33-7 

April 6 , . , , 

30-2 

68-4 

18 

May 6 . , , . 

45*6 

300 

30-1 

.May 11 * • . . 

20-3 

125 

36-1 
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From this last table *we see that, altbongh the period of motion at 
Station II. is slow in consequence of the very large amplitude usually- 
experienced at that station, the maximum velocity, and more markedly 
the maximum acceleration, which may bo taken as a measure of the 
intensity or destructive power of a disturbance, have been much greater 
than at Stations I. and III. 

One of the most remarkable earthquakes in the series was that of March 
26. Although the amplitude of this was sufficiently great to constitute 
a destructive shock, the period was so long that the disturbance almost 
escaped attention. Several persons observed lamps and pendulums 
swinging, and thought there might be an earthquake occunung, but I only 
found one or two persons who detected any motion of the ground or 
building. 

Speaking generally about these observations, it may be said that had 
three independent observers been placed at the three stations which are 
only 800 feet apart, and each had been provided with similar instruments, 
they could not have failed in giving very different accounts of the same 
earthquake, both as to its period, its duration, and, I may add, its direc¬ 
tion. A result of practical interest that is dependent in the records which 
I have obtained, is the benefit to be derived by engineers and architects 
by making a systematic seismic survey of the ground, on which they 
intend to erect important structures in earthquake-shaken districts. 


Observations luith the Gratj-Mihie Seismograph 

As this instrument has been described and illustrated in the * Quarterly 
Journal of the Geological Society of London ’ (vol. xxxix. p. 218), and in otber 
publications, I will not describe the details of its construction. It consists of 
a pair of conical pendulum seismographs, which record upon the smoked 
surface of a drum, two mutually rectangular components of the horizontal 
motion of the earth. The drum is kept continuously in motion by clock¬ 
work. The vertical motion is described by a spring lever seismograph. 
At a certain part of the earthquake, a mark is made on the drum, simul* 
taneously with which time is recorded from a specially arranged time¬ 
piece. By this means the time can be calculated at which any particular 
vibration of an earthquake occurred. 

As the instrument is designed more for the systematic observatirm of 
earthquakes, rather than for experimental purposes, I entered into corre¬ 
spondence with the Meteorological Department of this country to admit it 
into their department as an instrument for regular observation. This 
Mr. Arai Ikunosuke, the director of the Meteorological Department, has 
kindly done. After repairing slight damage, wMch it suffered in its 
transit, it was exhibited to His Imperial Majesty the Emperor of this 
country. Since then a heavy brick column on a massive concrete foun* 
dation has been built for its instalment, and it has been put in charge of a 
regular observer. During the early part of this year, although several 
earthquakes were experienced, no results were obtained. This was due to 
the pointers of the conical or horizontal pendulums, which are extremely 
, sensitive to slight changes in level, slowly wandering to the right and left 
of their normal position on the revolving drum. The consequence of 
this was, that instead of simply tracing in the smoked surface a single 
line, they made a path sometimes an inch in breadth, and when the earths 
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quake came the smoked surface on Trhich the record ought to have been 
vvritten had been removed. 

Although I varied the adjustments of the instrument in a variety of 
inann«"irs, I was unable to destroy this tendency to wander.^ The only 
explanation which I can offer of the phenomena, is that it is either due to 
a settlement taking place in the column, which from the natui’e of the 
motion is unlikely, or that it was due to actual changes in the level of the 
soil. 

As a final resort the point of suspension of the conical pendalums was 
brought sufficiently forwards to give them a definitely stable position, 
since which all earthquakes which have occurred have been successfully 
recorded. Although I have in this manner destroyed the sensibility of 
the instrument, I may remark that it is sufficiently sensitive to give a 
daily record of the firing of a time gun, situated more than 100 yards 
distant. The intervening ground is hard and full of excavations. 

Hitherto, I have not had time to analyse the various records which 
have heen obtained, and am therefore compelled for the present to resorvX' 
any report upon them. Mr. Gray is, I am pleased to say, constructing 
two new seismographs. These are so arranged that they will record, 
either slow tips in the soil or earthquakes, the diagrams being made itli 
ink on a strip of paper. 

Ex^erimoits on a Building io resisi EarthjuaJce luotlon. 

I have previously drawn attention to the great difference in the 
effects which moderately strong earthquakes have produced upon 
European and on Japanese types of buildings, the former being more or 
less shattered whilst the latter escape without any apparent damage. In 
the one case we have a building of brick and mortar firmly attached by 
its foundations to the shaking earth, whilst in the other we have a light 
wooden structure resting loosely on boulders. If the former is of a typo 
for which patents have been granted, where iron hoops and tie rods 
togetlier with all the devices which give strength and solidity have been 
employed, it^ certainly resists the effects of disturbances wliicli have 
shattered buildingvS of ordinary construction. An important objection 
to dwellings of this order is their gixat expense. 

With the above considerations before one, and with a knowledge ilnit 
the chief motion in the majority of earthquakes in this country is tlio 
liorizontal component, I have erected for experimental purposes a small 
building resting on four cast-irou balls. 

The building, which measures 20 feet by Ilfeoi, is constructed of 
timber with a shingle roof, piaster walls and ceiling of laths and paper. 
The balls rest on cast-iron plates with saucer-like edges fixed on the 
heads of piles* Above the halls and attached to the building are cast* 
iron plates, slightly conjcave but otherwise similar to those below. From 
the records of instruments placed in the building, it would appear that at 
the time of the earthquake there is a slow back and forth motion, but 
that all the sudden motion or slioch has been destroyed. Thus far the 
building or rather its foundations have proved successful in eliminating 
the destnretive element of motion. 

l am now experimenting on the foundations by using-flat plates, and 
by giving such frictional resistances to movement that the building may 
become astatic. If this is successful, as I trust it will be, although devices 
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are yet requii*ed to destroy the vertical motion of earthquakes, something 
of practical value will have been done to mitigate the serious results which 
accompany destructive earthquakes by the elimination of their horizoutal 
movements. 

Onilte lilstahUslment of an Underground Ohservatonj, 

In December last year I visited the Takashima Colliery, near Nagasaki, 
with the object of making investigations preparatory to the establishment 
of an underground observatory. The phenomena which I had the inten¬ 
tion of observing were :— 

1. EartJi4remors ,—It has been observed that those microscopic move¬ 
ments of the soil accompany barometric falls, and it is therefore probable 
that they may hold some relationship to the escape ot gas which in 
certain parts of the Takashima mine is a sonrce of considerable danger. 
At this mine the gas escapes several hours before any marked changes 
take place in the barometrical column. Should it be found that the 
occurrence of tremors precedes barometric fluctuations the utility of the 
observations is obvious. 

The instruments to be used for observation are tromometers, like those 
employed by Bertelli and Rossi in Italy, and microphones in a telephonic 
circuit. During my short stay at the mine, I found that a microphone 
placed in an unworked part of the mine was at times very active. 

2. The observation of delicate levels for the purpose of recording any 
variations which may take place in the inclination tf the ground. Since 
I left the mine, Mr. John Steddart, the chief engineer, who has under¬ 
taken these various investigations, writes me that he commenced, 
observations with the levels on the surface of the ground. Owing to a 
gradual subsidence, due to the underground excavations, which is 
evidenced by numerous cracks on the surface, the changes in the levels 
are so great that it will be necessary to establish them underground. 

fl.' The measurement of the sinking of the underground excavations. 
As the mine, which is very large, extends a long distance beneath the 
ocean, it is not unlikely that some connection may be found between the 
movement of the roof and the tides. Mr. Stoddart tells me that the 
contrivance for indicating these eflects yields such marked I’esults that a 
number of similar apparatus are being made for distribution in diflerent 
parts of the workings. 

4, The observation of earth-currents. Whilst I was at the mine, 
feeble currents were visible on a line only sixty yards in length. 

In consequence of a fire which broke out in the mine shortly after 1 
left, it is only quite recently that Mr. Stoddart has bad opportunity to 
turn his attention td these investigations. At a future period I trust 
that I may be able to report upon them. For facilities enabling these 
observations to be made, my thanks are duo to the Mitsu Bishi Company, 
who are the owners of the mine. 

Uarth-tremors and Barth^pulsaiions. 

For the present, the observations on earth-tremors in Tokio have 
been discontinued* The observations on changes in inclination of the 
ground, as shown by the movements in the bubbles of levels and. in the 
position of the stile of a pendulum relatively to a point beneath it, are 



250 


REPORT— 1884 . 


still going on. At the Imperial Observatory a special column bas been 
constructed for these latter observations, and a large series of records are 
being collected. To work up the observations already made on earth- 
tremors and earth-pnlsations will require considerable time, and I 
therefore am compelled for the present to reserve any report on them. 


Notes in connection icitli Ohsewations made in the TJndenjronnrt 
Observatory at the Tahasldma GolUery near Nagasahu 
Observations with fixed Spirit Levels^ ^c. 

These levels have been tried both on the surface and below ground, but 
I find that, owing to the extensive underground workings, the move¬ 
ment in the whole mass of the island is so great as to entirely vitiate any 
record of the more minute earth-movements. 

The excess and irregularity of the movement in the strata of the 
island is owing to the fact that we arc working simultaneously three 
seams of coal ot the aggregate thickness of 80 to 3G feet. Tlie lowest 
seam (which is the only one in which we can hope to get a stable founda¬ 
tion) measures 18 feet in thickness, with a soft shale floor of great depth, 
on account of which it takes both ‘ creep ’ and ‘ crush ’; giving a con¬ 
stantly varying set of movements from which it is impossible to obtain 
any reliable statistics. 

The same reasons rentier the observations by the microphone and 
microseismometer totally unreliable. 

The lever microphone—with which we have been experimenting—^ 
when delicately balanced, registers an almost continuous rattle of sounds 
caused by the passage of coal-trucks, the * falling * of coal, and the 
‘ working’ or crushing of the strata. 

Even when the delicacy of the balance is I’educed, so that it does not 
render a single vestige of sound away from the colliery, it still continues 
to register inteimittent sounds, which can only he attiubuted to ‘ these 
above-named causes when brought into the mine or on the island. 

The microseismometer also shows constant tremors going on, accom¬ 
panied by very considerable defiections, but without any periodicity or 
constancy of direction. 

In order to be sure that this irregularity was caused by the iindor** 
ground workings, I made a short series of experiments on the mainland 
at Nagasaki, nine miles distant, with such results as perfectly convinced 
me of the unreliableness of the observations at Takasima. 

I am, however, strongly of opinion that observations of considurablo 
yalue in their application to the prediction of the out-flow of carhuretted 
hydrogen in coal mines can be obtained from the microseismometcr under 
the following conditions. 

^ 1st. That it would need to be erected at a sufficient distance from the 
mines to insure its being unaJBfected by tremors caused by the under¬ 
ground workings. 

2nd. That it must be close enough to the mines to insure its being 
affected by the same earth-tremors as are likely to afiect the coal strata. 

I am led to foriri the above opinion from the fact that in the brief 
experiments which I was able to make on the mainland, any increase in 
the intensity of vibration and amplitude of defiection seemed as a rale to 
precede a diminotion of the barometrical pressure, and it also seems 
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Liglily probable that an increase of vibratory motion in the coal strata 
would tend to facilitate the outflow of gases contained therein in even a 
greater ratio than would the diminution of atmospheric pressure. My 
personal experience in mining tends entirely to support this deduction^ 
as I have invariably found that in places where the outflow of gas was 
fairly constant as a general rule, it always increased to a greater or less 
extent when what is technically called any ‘ working ’ of the strata took 
place. 

For the purpose of obtaining more reliable statistics on this head, I 
have arranged with Mr. F. Ringer of Nagasaki to erect the microscis- 
mometer at his observatory on the mainland, eight miles from this island^ 
and we shall he able,tby making simultaneous observations, to connect his 
notes with those made at the observatory at the mine. Of course it 
would be preferable to have the mainland observatory situated at a point 
much closer to the mines than this one is, but there is no place nearer 
whore we can be sure of having a reliable observer. 

Ohservailulls on JEartli-currents^ 

Owing to my inexperience in magnetic observation and the difficulty 
in getting suitable apparatus constructed or erected down here, I have 
only begun to make regular observations during tbe current month. 
Previous to this, however, I have been making isolated experiments with 
such rough-and-ready apparatus as could he constructed on the spot. 

The results are briefly as follows:— 

With one wire connected with an iron bar fixed in the line of a 
fault below-ground, and the other end fixed to a similar bar inserted in the 
strata at a distance of about 100 yards, there was a considerable deflection 
in a home-made galvanometer. 

With both ends connected with the coal strata below ground, hut 
away fi’om the vicinity of any fault, the deflection was hardly perceptible. 

With one end fixed to tbe rod inserted in tbe fault below ground, and 
the other connected with the surface strata, the deflection was again con¬ 
siderable, 1 then erected the apparatus in my own house, connecting one 
end with a rod inserted in the line of a fault, at a short depth from the 
surface, and the other with the surface strata with the home-made gal¬ 
vanometer I got slight though percoptiblo deflections, and with the 
galvanometer, which was received from Tokio I have since obtained 
deflections quite capable of registration. 

Owing to my own inexperience and the meagreness of the statistics 
which I have been able to collect, it would be altogether absurd to give 
any opinion, as yet, as to the connection (if any) between the movements 
of the galvanometer and the outflow of gas in tbe mine, and I think that 
it is preferable to collect at least one yeat'^s statistics before saying' any¬ 
thing further on the subject, than to state that, so far as the experiments 
have progressed, they tend to render mo sanguine that such a connection 
might he established, and also that I would be most happy to receive any 
advice or suggestions on the subject from people more experienced in the 
subject than myself. 

Tidal Ohsermfions, 

With regard to' the observations to be made with a view to establish 
the connection (if any) between the crushing together of the roof and 
floor of the mine and the rise and fall of the tide, Sir. Stoddarfc writes:— 
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‘‘I Ija^e hitherto made but little progress with these experiments, 
owing to the difficulties I have had in constructing a tide-gauge to give 
a daily and hourly register of the rise and fall of the tide, and also in 
constructing an apparatus for registering the crush of tlio mine in a 
similar manner. 

“ With the little machine which you designed when you were down 
here I have been able to demonstrate perfectly the most minute move¬ 
ments of the roof and floor in approaching one another, but it is impos¬ 
sible to be sui-e as to whether the approacJi is accelerated or retarded as 
the tide rises and falls until I have completed the construction of a clock 
register. 

I think that it will be better, therefore, to refrain from remarking on 
this subject, further than to say that it is being worked at. 

‘'John Stoddaut, 

John Milne, Esq., Takashima: 2Gf// June, IS81. 

Kobu Dai Gaiko, Tokio.’’ 


Report of the Commitlee^ consisting of Professor Ray Lankkstee, 
^Ir. P. L. ScLATEK, Professor M. Foster, Mr. A. Sedgwick, Pro¬ 
fessor A. M. Marshall, Professor A. C. Haddon, and Mr. Percy 
Sladen {Secretary), appointed for the purpose of arnmging for 
the occupation of a Table at the Zoological Station at Naples. 

Eveut year since their first appointment, your Committee have had the 
agreeable duty of recording the annually increasing success of tho 
^Zoological Station at Naples. On the present occasioa they are able to 
report that at no previous period of its existence has the Institution been 
in a more flourishing condition than now. Porty-ono naturalists have 
worked at the station during the past twelve months, which brings the 
number to nearly three hundred who have occupied its tables since tho 
commencement in 3873. Large though the establishment already is, it 
has for some time been desirable to make additions to tbe building in 
order to furnish the means for still farther extending tho general scope 
of the institution. From the very outset it lias been the aim of tho 
founder, Professor Dohrn, to develop the physiological as well as ilic 
morphological investigation of marine organisms, although the latter has 
necessarily hitherto been the chief concern of the station. It is now. 
intended to erect a new building for a physiological laboratory, adjacent to 
the present station. For this purpose the municipality of Naples has 
voted 300 square metres of land; and well-founded hopes are oniortained 
that very considerable contributions towards this enlargement of the 
station may be expected from the Italian Government. 

Further assistance for Dr. Dohrn’s undertaking is forthoominc»* from 
Germany, where a public subscription is now being organised throughout 
the country, in consequence of a meeting held in Berlin on June 20, for 
the purpose of presenting the Station with a larger seagoing steamer, 
which IS to be fitted up as a floating laboratory; and it is also proposed to 
endow the Station with a Pension and Reserve Fund. The meeting in 
question was attended by a number of e statesmen and scientists, 
the Minister of Public Instruction, together with the President and Vice- 
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Presiflent of the Reiclistag, takitijc a prominent part in the proceedings. 
A letter was also read from H.R.H, the Crown Prince to Dr. Dohrn, in 
which. His Koyal Highness expressed his interest in the station, and an¬ 
nounced his pleasure in supporting the movement. Worthy testimony 
was borne hj the above-named tnemhers of the German Government to 
the services rendered to science by Professor Dohrn, and of the appre¬ 
ciation in which his many personal sacritices in the establishment and 
maintenance of the station were held. The responsibility of the Govern¬ 
ment in fostering such an undertaking was also fully acknowledged. 

Since the last Eeport was presented additional tables have been taken 
by Italy and Prussia, supplementary to those previously engaged. These 
countries as well as Bavaria, Baden, and Cambridge, have also agreed to 
increase their subscription to 1002. per annum for each table; and similar 
negotiations are pending with other lessors. With reference to the ex¬ 
pected increase above indicated, in the income of the station, the Direc¬ 
torate wish to point out that it is to be entirely devoted to the pui'pose 
of increasing the present means of investigation, and of establishing a 
large physiological laboratory. The fulfilment of such anticipations 
would enable the station to conduct important and exhaustive investiga¬ 
tions on sea-fisheries, to develope their scientific basis, and to prosecute 
biological researches in the widest aspect on questions touching the 
habits, localities, etc., of marine animals and plants; in short, to embrace 
the whole field of organic research in the sea. 

Thr General OoUecHons .—The Zoological Station has this year for the 
first time received a welcome addition in the form of a valuable sciues of 
foreign specimens. These consist of tw^o large collections of well-pre¬ 
served animals and plants from the Atlantic, and the Eastern and Western 
coasts of South America, obtained by Captain Chierchia of the ‘ Vettor 
Pisani’ (Italian navy), an ofifiocr who had received instruction at the 
station during the winter of 1881-2 in the methods of preserving marine 
organisms. The various groups have been distributed amongst’Italian? 
and German naturalists for determination and investigation. Further col¬ 
lections are also expected shortly from other Italian and German ships. 

The TMications of ihe Station .—The following details will indicate 
the activity of this department of the Zoological Station. 

1. Of the* Fauna und Flora des Golfes von Neapel,’the following 
m*)nographs have been published since the last Report;— 

VII. B. Valiante, 30 pp., 15 pi. 

IX. A. Andres, Aotinim (parte prima), 450 pp., 13 col* pi. 

X. B. Uljanin, PoWjlwm, 130 pp., 13 pi. 

XI. A, Dang, JPolydadet, (1. HaJfte), 240 pp., 24 pi. 

XI (. G. Berthold, Oryptonmiiacca^ 24 pp., 8 pi. 

Of the following list the first mentioned work is already in the press,, 
and the others are in course of preparation, 

A. Lang:, J^olyoladm (3. HUlfte), about 400 pp., 16 pi. 

J, h’raipont, PolygorMtu. 

G. V. Koch, Gorgoniidcp. 

P. Falkeixberg, Jikodumehep. 

2. Of the ‘ Mifctheilungen aas der Zoologisehen Station m ISTeapel,’’ 
vol. iv, has been completed, occupying 522 pp., with 40 plates; and voL v. 
—parts i. and ii. are already published. Several ol‘ the papers in this series- 
•of memoirs are written in English, 

S. The *Zoologischer JahresWicht ’ for 1882 is published, and occu- 
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pies 1,259 pp.; it is divided into four sections, eacli with a separate alplia- 
betical index, in order that single sections may be sold separately. Of 
the ‘ Berioht ’ for 1883, sections 2 (Artbropoda), and 3 (Mollusca), are 
nearly ready, and \yill be published in September. The whole ‘Bericht' 
is now edited by the station, under the care of Drs. Paul Mayer and 
W. G'iesbrecht. In future the arrangement of the various records will 
be more uniform, each group of animals being treated under the following 
heads:— a- Anatomy, Ontogeny, etc.; h. Biology, Domestication, etc.; 
c. Classification and Paunal relations; J. Palaeontology. Special care 
will be taken to render the section on the classification of a group intelli¬ 
gible to, and easy for consultation by, every zoologist whether he be a 
specialist or nob—the new genera, species, varieties, and synonyms in 
every family being arranged in alphabetical lists. 

Extracts from the General Report of the Zoological Station ,—The usual 
lists of the naturalists who have worked at the station, and of the memoirs 
published by tliem, will be found appended, together with other details 
kindly furnished by the officers of the station. 

The British Association Table .—^Your Committee have the pleasure to 
I'eport that important researches have been successfully conducted on 
the table at tbeir disposal during the past year; and further that the 
table has been occupied during nearly the whole of the working season. 
The use of the table was successively granted to Mr. A. G. Bouiuio and 
Prof. A. M. Marshall, Mr. Bourne’s period of occupation extending over 
sa term, of six months by special permission of the Committee. Both of 
these gentlemen have furnished reports concerning the investigations 
undertaken by them at the station, together with a summary of the 
results respectively arrived at; and both are to bo congratulated on the 
successful character of their researches. The reports in quest .on are 
appended. 

With these gratifying as.surances of the undeniable utility of the 
British Association table before them, your Committee confidently re¬ 
commend the renewal of the grant; and they would further specially 
recommend that the amount should be increased to TOOL (instead of 80L 
and 902. as in previous years), in conformity with the ai’rangements made 
by the Directorate of the station with other countries. 

L Report on the Occupation of the TahU hy Ifr. A, G, Boitrne, 

I occupied the table from November 1, 1883, until April 14, 1884» 

I devoted the greater portion of the time to a further investigation of 
the anatomy of the marine leech Povtohclella, and, as far as material would 
allow, of Branohellion. The results I obtained have been already pub¬ 
lished together with other matter in a paper entitled, ‘ Contributions to 
the Anatomy of the Hirudinea,’ in the ‘ Quarterly Journal of Microscopical 
Science,’ July 1884 

The most important of these results consisted in a knowledge of the 
structure and relations of the nephridium in PontohcMla. This organ 
has been hitherto entirely misunderstood, some of its funnels being, 
indeed, tHe only portions of it known, these having been described by 
the Prench natumlist Vaillant, and stated by him to open directly to the 
exterior. 

I have found that there are a series of ten pairs of these funnels, and 
that they do not open directly to the exterior, but are connected with a 
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most elaborate network of tubules Ijing for tbe most part witbiu tbe 
muscular layers of tlie body wall. This network is continuous^ the 
portion lying on the one side of the body with the portion lying on the 
other side in the median ventral region, and is also continuous throughout 
the length of the body in the region in which it occurs —i s., from the nintli 
post-oral ganglion to the nineteenth. 

The tubules collect at certain spots, and pass down to open to the 
exterior without the intervention of any vesicle. There are 1D pairs of 
such apertures placed in somites 10-19 inclusive, upon the first annulus 
of each somite. The apertures are thus metameribally related to the 
funnels, a pair of apertures corresponding with each ‘pair of funnels. 

The organ in reality consists of a paired series of nephridia, each with 
a funnel to the interior, and a pore to the exterior, and these nephridia 
differ from those in Htrurlo, Clejpsi7te, etc., in that they remain continuous, 
those on the one side with those on the other, and each pair with tliose 
in front and behind. 

Supposing, as we are probably justified in doing, that the organs 
have arisen by a hollowing of branching mesoblastic cells, we have here 
a structure which has only advanced upon this primitive condition in 
developing metamerically repeated funnels and apertures to the exterior. 

I obtained but very few specimens of Bmncliellion, I was, however, 
able to demonstrate the existence of a very similar nephridium in that 
genus, hut I believe far simpler, in that it has not developed any internal 
funnels and has only a single pair of pores to the exteripr, these corre¬ 
sponding to the most posterior pair in PontohdeUa, 

The commonest Pontohclella at Naples belongs to the species JP. 
muricata^ but I obtained single specimens of perhaps two other species, 
and a specimen which must probably form a new genus; but I should 
wish to become much more fully acquainted with all the varieties at 
present knowm before entering upon any toxonomic questions in a group 
which presents considerable difficulties in this respect,, tjie characters of 
most value in foi'ming a systematic arrangement—the number of annuli 
in a samite, etc.—being at present very inaccurately described. 

Since the discovery of 'Eaj^lolraiwlms^^ a new genus of Oapitobran- 
chiate Annelids belonging to a small, but iu many ways very interesting 
group, I havo endeavoured to obtain as many members of the group 
as possible, in order to complete a comparative study of the group; this 
I carried out further at Naples. I obtained species of Oria, IPalriom, and 
Am^hlglem, and obtained new results with regard to the stimcture of these 
forms. I may state hero that I have confirmed the observations > of 
Claparedo, which havo lately been doubted, as to the arrangement of the 
modified pair of nephridia which serve as tubiparous glands, and the median 
position of their aperture to the exterior, in Amphiglena, 

At the request of Professor Lankester, I undertook the investigation 
of certain problems connected with the blood system of Mollusca and the 
snpposed taking in and shedding out of water by these animals. I studied 
Solefi legimen^ and entirely corroborated the results previously obtained 
at Naples by P. G. Penrose, to the effect that ordinary blood does not exist 
in the pericardium of that animal, and so probably of other Lam’elli- 
branchs. This I demonstrated by means of serial sections which show 
the nucleated blood corpuscles lying in the ventricle, hut absent from the 
pericardium. 

With regard to the supposed taking iu of water, I kept various forms, 
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Solen. SolecicHus, Psammolla^ Venus, and others, alive in sea-water, 
coloured by various bodies, both in solution and finely particulate, and 
afterwards obtained sections of various regions; but in no case was there 
any evidence of anything having been taken in. With iodine green in 
the sea-water, I found, however, that the colouring matter penetrated, 
but not from any particulai’ spot, all through to a certain depth; the 
tissues, in fact, became stained while living, a condition well known to be 
possible with some other aiiiliii dyes—Bismarck brown, for instance, 

I made some observations npon the ‘ Topfchen,’ or * ciliated pots,* which 
occur in the ccelomic fluid of Stpunculus, I And that they present two 
kinds of cilia—a bundle of central long cilia, and around these a circlet 
of shorter cilia; and there may be seen groups of amoeboid corpuscles 
apparently breaking down—degenerating, surrounded by these ciliated 
pots which have their long cilia fixed into the mass and twirl themselves 
round, first one way and then the other, dragging upon the mass until 
they drag out that portion into which they have fixed their long cilia, and 
then swim off with it and, I am inclined to believe, digest it. I was, 
however, unable to arrive at any further conclusion as to their nature* 

I also examined the ‘ brown tubes,* the uterine pouches of iSipunculus, 
with regard to the position of their internal orifices. This I found to 
agree with a previous unpublished observation of Professor Lankester. 
It is a transversely elongated slit with ciliated lips lying close to the ex¬ 
ternal aperture, on or upon that surface of the gland. 

I extracted a quantity of the green colouring matter from the annelid 
GJiceiopterus and brought it home in order to make a microspectroscojiio 
examination. 

Lastly, I prepared sections, &c., of the suckers of vai*ious cephalopoda, 
in order to obtain facts for a comparison which I am about to make 
between these structures and the tentacles of Nautihis pompilius, 

IT. Report on the Orcitpation of the Table hj Professor A, Milms 

MarslialL 

I reached Kaples in the first week of April, and stayed there till the 
end of the month. I had originally intended to occupy myself with {a} 
certain points in the development of the Alcyonaria, and {h) with a further 
study, in continuation of former researches, on the development of the 
muscles of the head and of the posterior cranial nerves of Elasmobranchs. 
For the former the weather and the season of year provorl unfavourable; 
and of Elasmobranch embryos I was only able to obtain a limited 
number. I therefore devoted the greater portion of my time to othex* 
subjects, and chiefly to an experimental investigation of the nervous 
system of Antedon, with the object of deciding, if possible, the points 
of dispute between the Carpenters on the one hand, arxd on the other, the 
Q-erman morphologists headed by Ludwig. 

It is now nearly twenty years since Dr. Carpenter first suggested that, 
the axial cords were really the nerves supplying the muscles of the arms, 
of Antedon: since that time he has steadily maintained this view, and 
has supported it by a considerable mass of evidence, both anatomical and 
physiological. The same view is held by Dr, P* H, Carpenter, who Ixas 
brought forward independent and very important evidence in its favour, 
chiefly histological and morphological. 

Ludwig, on the other band, and the majority of the Continental writers 
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who have discussed the questiou, maintain that the real nervous system 
of Antedon consists of the ‘ subepithelial bands,’ which run along- the 
ventral surface of tlie arms and disc, immediately beneath and in very 
•close relation with the ciliafcod epithelium lining the ambulacral gi-ooves. 
Ludwig and those agreeing with liim rely mainly on the close resem¬ 
blance, or actual identity, in histological structure and in relation to the 
overlying epithelium between these subepithelial bands and the ambu¬ 
lacral or radial ‘ nerves ’ of tbe starfish, and hold that if the homology 
of these two stimctures bo admitted, it is extremely difficult to conceive 
that Crinoids can have in addition to this normal Echinoderm nervous 
system an additional one—/.e., the axial cords and the central capsule 
from which they spring—which is altogether unknown and unrepresented 
in other Echinoderms. 

The Carpenters accept the nervous character of the subepithelial 
bands, but maintain that they form but a small and comparatively siibor- 
clinate part of the entire nervous system. 

My own investigations consisted of an experimental examination of 
the functions, (a) of the central capsule, (h) of the axial cords, and (c) 
of the subepithelial bands. I employed both mechanical and chemical 
irritation as sources of stimulation, and limited the action of the irritants 
to the desired point by removal of the surrounding parts cither mechanically 
or by means of strong nitric acid. 

Concerning the central capsule, T find that so long as this remains 
intact and in connection with the axial cords, the animal retains the power 
of co-ordinated movements oE the arms, as shown by tho normal swimming 
movements, and by the tendency to right itself when placed in a tank 
wrong way up—le., with the oral surface downwards. This power of co¬ 
ordinated movements is not affected by removal of the entire visceral 
mass, an operation which involves the complete isolation of the subepi.^ 
thelial bands of the several arms from one another. On the other hand, 
removal or destruction of the central capsule, if thoroughly performed, 
causes complete and permanent loss of the power of co-ordinated move¬ 
ments. I therefore conclude that the central capsule is the centre 
governing these movements. 

Concerning the axial cords, I find that irritation of them causes active 
flexion of the arm affected, and also of the other arms, provided the com¬ 
munications of the central capsule with the axial cords be intact. 

Division of the axial cord of an arm causes complete physiological 
separation between the parts on opposite sides of the injury, even though 
the subepithelial band be carefully preserved. From my experiments on 
the axial cords, which were very numerous and varied, I conclude that 
they are the real nerves, both motor and sensory, of the arms. 

Conceiming the subepithelial bands, I find that, while certainly nervous 
in structure and presumably in function as well, they are of veiy sub¬ 
ordinate importance. The effects of irritation or destruction of them are 
almost confined to the tentacles bordering the ambulacral grooves, with 
which they are in very intimate relation. 

Concerning the morphological difficulty involved in the possession by 
Crinoids of an antambulacral, iu addition to the normal ambulacral nervous 
system of Echinoderms, I would submit the following considerations. 
The nervous system of an Asterid is not confined to the radial ambulacral 
bands and their connecting oral commissure, but can be traced over the 
tube feet, and also over the dorsal or antambulacral surface of tbe animat 
1884. s 
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It may, in fact, "be described as a nerve-slieatli extending practically over 
tbe whole animal and everywhere directly continuous with the external 
epidermis, of w^hich, indeed, it forms the deepest and specially modified 
layer. Such a condition of the nervous system there is independent reason 
for regarding as a very primitive one; and I regard it as the type from 
which the more specialized nervous systems of the other Echinoderins 
have been derived. This specialization consists chiefly in separation, more 
or less complete, of the nervous system from the epidermis, in exaggera¬ 
tion of the radial nerve bands with reduction of the intervening parts of 
the nerve sheath, and finally in sinking down of the radial nerve bands 
into and through the dermis so that they become separated from the 
external epidermis by a layer of connective tissue which may, as in 
Bchinids and some Ophiurids, be firmly calcified. In Echinids the nerve 
sheath still persists as the external nervous plexns outside the test first 
described and figured by LoVen. 

I consider that in Crinoids the subepithelial hands most certainly are 
homologous with the radial or amhulacral nerves of a starfish; and I 
consider that they represent a part of a continuous nerve sheath which- 
has retained permanently its primitive continuity with the epidermis. 
The axial cords, some of the branches of which can be traced into ex¬ 
tremely close proximity with the subepithelial bands, I regard as portions 
of the antambulacral nerve sheath which, like the radial cords of Bchinids, 
Ophiurids, and Holothurids, have lost their primitive position and shifted 
into or through the dermis. 

On this view the nervous systems of all recent groups of Ecliinoder- 
mata can be reduced to one plan, and furthermore, an explanation is 
obtained of the histological similarity or identity between the axial cords 
and subepithelial bands, as well as of the very close relation, and pro-- 
hahly continuity, between the two sets of sti’uotures in Antedon. 

It must be noted, however, that while this enables us to reconcile the 
Grinoid with the other Echinoderm typos of structure, it leaves the gap 
between the two groups an exceedingly wide one. Antedon, on this view, 
is very far indeed from being a primitive Echinoderm: it is, indeed, as 
regards its nervous system, tie most highly differentiated of all recent 
Echxnoderms. On the other hand, the starfish has retained an extremely 
primitive type of nervous system, which must probably bo regarded afi 
ancestral for all Echinoderms. 

A further point of interest concerning Antedon, tliat I observed <luring 
my stay at Naples, is that not only may the visceral mass be entirely 
removed from the living animal without causing death, or indeed, any 
apparent inconvenience, but that such specimens very speedily regenerato 
the whole visceral mass. I have obtained a series of spocimens illustrating 
the various stages of this very remarkable and extensive regonoration, but 
have not yet had time to examine or describe them. 

I also devoted some time to an examination of fresh specimens of 
Amphioxus with the object of ascertaining whether the spinal nerves have 
single or double roots of origin. By following the methods described by 
Bohon, I have convinced myself of the accuracy of his description of 
the existence of anterior spipal roots in addition to the well-known and 
much more obvious .posterior roots. Rohon’s attempt, howevci*,, to 
homologize the anterior nerves of Amphioxus with certain of the cranial 
nerves of the more typical vertebrates seems to me entirely devoid of 
Justification. . 
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III. -1 List of Naturalists who have worhed at the Station from the end of 
Jime 1883 to the end of J%ine 1884. 



Naturalist's Name 

State or University 
whose Table 
was made use of 

Duration of Occupancy 

Arrival 

Departure 

216 

Prof. Gasco 

Italy 

July 20,1883 

Oct. 21, 1883 

217 

Prof. G. Pa,roiia. 

„ ... 

„ 31, „ 

» 28, „ 

248 

Sig. E. Cercono . 

Italian Navy . 

Aug; 19, ■ „ 

•Nov. 9, „ 

219 

>Sig. F. Orsini , 

3> • 

„ 20, „ 

Jan. 18, 1884 

250 

Br. Crety . 

Italy 

» 20, „ 

Nov. 1, 1883 

251 

Br. C. Keller . 

Switzerland 

Sept. 4, „ 

Oct. 1, „ 

252 

Br. H. Schaninsland . 

Prussia . 

» 14, „ 

7, 28, „ 

253 

Mrs. Br. Boll . 

Italy 

j> ' 1^ ' }» 

» 17, 

234 

Br. von Selilcn . 

Prussia . 

„ 23, „ 

July 4,1884 

265 

Prof. N. Wagner 

Russia 

Oct. 1, „ 

April 3 6, „ ' 

256 

Br. J. Walther . 

Saxony . 

» 18, J, 

Feb. 28, „ 

257 

Br. M. Biisgen . 

Strassbiirg 

„ ' 19, ‘,, 

99 17, „ 

258 

Mr. A. G. Bourne 

British Association . 

Nov. 5, „ 

April 14, „ 

259 

Mr. John Beard 

Bavaria . 

» }» 

» 17, „ 

260 

Mr. W. B. Ransom • 

Cambridge 


8, ., 

261 

Prof. R. Kossmann . 

Baden 

» 

Nov. 18, „ 

262 

Dr. O. Jatta 

Italy 

„ 26, „ 

— 

263 

Dr. L. Oerley . 

Hungary . 

Deo. 9, „ 

— 

264 

Prof. C. Yogt . 

Switzerland 

» 12, „ 

May 23, 3884 

265 

Mr. P. S, Harmer 

Cambridge 

» 22, „ 

— 

266 

Prof. H. Giercke 

Prussia . , 

„ 28, ,, 

April 8, „ 

267 

Sig. A. Colombo 

Italian Navy . 

Jan. 1,1884 

99 12, , }, 

268 

Dr. van Bemmelen . 

Holland . 

s» 1» it 


269 

Sig. B. Stas.sano 

Italy 

9t L )» 

— 

270 

Prof. F. Clarke . 

WilimnisUoll., U.S.A. 

>j 8, ,, 

May 1, 3884 

271 

Br. Albert. 

Prussia 

» 

June 17, „ 

272 

Prof, Fr. Schmitz 

„ ... 

Feb. 27, „ 

April 12, „ 

273 

Prof. C. Eherth. 

5» • • • 

j» 29, „ 

,, 14, „ 

274 

Dr. W. Uljanin , 

Russia 

March 5, „ 

June 11, „ 

275 

Dr. G. Berthold 

Prussia 

it 'if »9 

April 20, „ 

276 

Prof. 0. Chun . 

,, ... 

tt Db » 

>9 JO, „ 

277 

Dr. F. Ruckert , 

Bavaria . 

j> 17» tt 

— 

278 

Dr. G. Klobs 

Wurtemherg . . 

„ 17, „ 

April 20,1884 

279 

Dr. M. von Brunn 

Prxissia 

•», 17, ,, 

— 

280 

Prof. A. M. Marshall. | 

British Association . 

April 5, „ 

April 26,1884 

281 

Dr. P. Fraissc , . i 

Baden 

» 14> 99 

— 

282 

Prof. Swaen 

Belgium , 

»t 1.'), J, 

— 

283 

Dr. KorotneH . 

Russia 

„ 25, „ 1 

June 12,1884 

284 

Br. W. Ktikenihal . 

Prussia . . ► 

May 17, „ | 

— 

285 

Mr.W. Weldon. 

Cambridge 

June 21, „ 1 

— 

286 

Dr. M. Menzbier 

Russia . « . 

„ 23, ,, 

— 


IV. A List of Papers which have leen putdished in the year 1883 hy the 
Nahiralists lolio have occupied Tables at the Zoological Station^ 

Mr. B. A, Weldon . , Kote on the early development of Lacerta xnnralis. ‘Quart. 

Jonrn. Microscop. Science,* 18S3.^ 

Br. Th. Weyl . . ^ Physiologisohe und chemischc Studien an Torpedo. ‘Arch, 

f. Anatomic and Physiologic,’ 1883. 

Dr. B. Bergh . , . Beitrag m einer Monographie dor Oattnng Marionia, 

‘ Alittheil. Zool, Station,’ Bd, lY., 1883, , , 
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Dr. C. Brandt. . 

Signor E. Stassano , 

9» 


Dr. G-. Fritsch 

Dr. L. Oerlcy. 

Dr. C. do Merejkowsk}’- , 

»♦ it 

Dr. F. Blochmann . 

s» 

Dr. 0. Hamann . • 
Prof, A. Weissmann « 
Dr. J. Frenzel 

jj 

j» 

Dr. A. Della Valle . 

Prof. C. Emery 
Dr. A. Korottneft' . 

Dr. J. Brock . 

Mr. A. G. Bourne . 

Prof. A, C. Haddon 
■'Mr. E. Shipley 
Dr. von Sehlen 
'Bar. B. Valiante . 

Mag. M. Traustedt. 

Dr. G, Berthold 


ITober die morpholog. nnd physiol. Bedeutung dos Chloro¬ 
phylls bei Thieren, 2. Artikel. ‘ Mitthcil. Zool. Station/ 
Bd. IV., 1883. 

Nouvellos llecherchcs physiologiqiies siir la Torpille. 
‘ Comptcs Bendus,’ No. 20, 1883. 

Contribnzione alia fisiologia degli spcrmatozoidi. * Zoo¬ 
log. Anzeiger,’ 1883. 

Eicercbe siilla Sovraeccitabilita Nervosa-Motrico che si 
raanifesta nei primi momenti deir azionc del Curaro. 
Estr. dal Giornale ‘La Psichiatna,’ Napoli,4883. 

Bericht uber die Fortsetzungen der Dntersucliungon an 
electriscben Fischen. ‘ Sitz. der Berl. Akademic dor 
Wissensohaften,’ Berlin, 1883. 

A Zoological Allomasok es az Allattani Kutatasok XJjabb 
MOdszerei, Budapest, 1883. 

Zoonerythrinc et a litres Pigments animatix. ‘Bulletin 
Soc. Zoologiquc de France,’ 1883. 

Developpenient de la MMnse Obelia. IHA. 

Beitrage znr Kenntniss der Kntwickelung der Gastro- 
poden. ‘ Zeitschrift f. rviss. Zoologie,’ Bd. 38, 1883. 

TJeber die Driisen des Mantelrandes bei Aplysia and 
verwandten Formen. Ibid, 

Beitrage zur Kenntniss der Mcdiisen. ‘ Zcit.schrift f. 
wiss. Zoologie,’ Bd. 38, 1883. 

Die Entstehung dcr Sexualzcllon bei den Hydromcdiison, 
Jena, 1883, 

TJeber die sogenannten Kalkzcllen dor Gastropodenlebor. 

‘ Biologisches Centralblatt,’ 1883. 

Nener Beitrag zur mikroskop. Technik. ‘ Zoologischor 
Anzeiger,’ 1883. 

Deber die Mitteldarmdriise (Leber) der Dekapoden. 

‘ Sitzungs-Bor. Berliner Akad. der Wisaonsch,’ Bd. 42, 
1883. 

Sui Copepodi che vivono nelle Ascidio composte del Golfo 
di Napoli. ‘ Ptcale Accademia dei Lincci,’ 1882-3. 

Contribuzioni all’ Ittiologia. ‘ Beale Accademia dei 
Lincei,’ 1882-3. 

Zur Kenntniss der Siphonophoren. ‘Zoolog. Anzeiger, 
1883. 

Entstehung der Gewebe. Ibid* 

Untorsuchungen ilbor die interstiticllen Bindesubstanzen 
dor Molluskcn. * Zeitschrift f. wiss. Zoologic,* Bd. 30, 
1883. 

On cei-tain Points in tlic Anatomy of the Polyrioina A:c, 

‘ Transact. Linnean Soc.,’ 2nd Sor. Vol. ii. 1883. 

On Budding in Polyzoa. ‘Quart. Journal of Mieroscup. 
Science,’ Vol. xxiii. N. S. 1883. 

On the Structure and Development of Argiopo, ‘ Mittlnul. 
Zoolog. Station,' Bd. IV. 1883. 

Mikrokokken bei Area Celsi. * Fortschritto der Mcdicin,’ 
No. 23,1883. 

Die Cystoseiren. Monographie VII der ‘Fauna und 
Flora des Golfcs von Neapol,’ herausgegeben von der 
Zoolog. Station, 1883. 

Die einfachen Ascidien des Golfes von Neapol. ‘ Mitth. 
Zoolog. Station,* Bd. IV. 1883. 

Die Bangiaceen. Monographie VIII. dor ‘ Fauna und Flora 
des Golfes von Neapel,* herausgegeben von der Zoolog. 
Station 1883. 
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V. A List of Naturalists, etc., to loltoin Specimens have been sent from, the 
end of June 1888 the end of June 1884. 


1883. 


1884. 


July 

» 


jj 




Sept. 




»* 


ff 

»» 

Oct. 

>» 

if 

a 

Nov. 

9» 

ff 


if 


fi 


ff 


if 

if 

Dec, 

if 

ff 

if 


if 

a 

if 


if 


. »» 

Jan. 


4 Dr. Pietro do Vescovi, Uoiue . 
9 I^rol. Gozi'i Entz, Klaiibeuburpr, 
for Zool. Inst. 

Prof. Gcza Entz, Kljriiscnbni*^, 
for Museum.... 
College at Nagy-Enyed . 

„ „ Maros-Vasarhclz 

Prof. Geza Entz, Klausenburg 

14 Cand. A. Appelldf, Kristine- 

berg, Sweden 

15 Prof. Nussbaum, Bonn . 

10 Mr. H. C. Cliadwick:, Alancb ester 
Prof. A. M. Marshall, „ . 

19 Morph ol. Depart, Cambridge . 
7 Prof. II. K. Moseley, Oxford • 

Prof. W. A. Herdman, Liverpool 
9 Prof. F. E. Solmltzc, Graz. 

Dr. A. V. Heider, „ 

23 Prof. P. W. Thomas, Auckland, 

Now Zealand 

28 Prof. 1*. Strobell, Parma . 

29 Mr. J. Tempore, Storrington . 
14 Dr. Andreas, Naples. 

21 Prof. E. Hortwig, Bonn , 

24 Prof. Ehlors, Gottingen . 

31 Prof. Eiidinger, Munich , 

3 M. G. Schneider, Bale . 

G Prof. Kollmann, 

7 Di*. L. Eger, A^iemia 

Dr. 0, Harnann, Gottingen 

13 Prof. McIntosh, St. An<Ircw\s IT. 

Dr. S. van Oye, Lille 
IG Societa Tccnica, Florence 
21 Prof. A. C. I'laddon, Dublin . 
23 Prof. 0. Emery, Bologna , 

M. E. Marie, Paris . 

27 H.M. the Queen of Roumania . 

29 Pz‘of. Hubrecht, Ut-reclit. 

30 Prof. Kowalewsky, Odessa 
G l^rof. W. Locho, Stocklulm 

7 Prof. Ysoux, U, Libre, Brussels 
9 Dr. P. H. Carpenter, Windsor . 

14 Prof. W. J. Stephens, Sydney, 

N.S.W. 

18 Rev. A. M» Noi'man, Durham . 

20 Prof. H. N. Moseley, Oxford . 

21 Queen’s College, Cork 

22 Dr. P. Blockmami, Heidelberg 

23 Prof. Anderson, Queen’s Coll, 

Galway . . . . 

28 M. K. Marie, Paris . 

Prof. Grenacher, Halle . 

29 Prof. Rxchiardi, Pisa 
Dr. Boas, Copenhagen 

G Prof. Grassi, Catania 

Prof. P. Stepanoff, Chfirkolf . 


Heads of Fishes 

Fr. c. 

. 1315 

Various . 

. 287* 

>> • » • 

Collection 

. 287* 

. 160* 

Various . 

. 74-50 

Specimens for dissection 100- 

Mollusca 

. 30-60 

Electrical Organs of Tor- 

pedo . 

G*50 

Various . 

. 31- 

Sjpecimens for dissection 827*35 

a JJ 

421 30 

Various . 

• 2S2-55 

)j • • • 

. 13M0 

5J • • * 

• 14*85 

„ • • * 

. G*45 

}J • • • 

. 432* 

JJ • • • 

. 294 25 

Spongiie , 

. 12*50 

j^lollusca 

7*35 

Various , 

. 386*45 

Echinod., Ccolcnt . 

. 184*20 

Petromyzou . 

. 34*75 

Collection 

. 2,229*50 

Crustacea 

. 17* 

Vaxious . 

. 77*25 

Synapta . 

. 8*65 

Various . 

. 360*50 

Annelida, Nemcrtina 

. 90*55 

Coelenterata . 

. 108*40 

Ccjclont., Echinodormata. 56*55 

Various , * 

. 260*55 

. 

. 36*50 

Spirograph is . 

. 23- 

Small collection 
Balanoglossus. 

Various . 

, 51*85 

Annelida, Gomatula 

, 94*95 

Collection 

. 1,080*35 

Ooinatula 

, 35* 

Collection 

. 300*20 


, 246*45 

Various . 

. 54-66 

Larvic of Crustacea 

. 20-70 

Holothnria, etc. 

. 112*75 

Sepia 

, 46*25 

Pennatula, Nereis . 

. 47-90 

Eyes of Pterotrachea 

. 15*60 

Collection 

, 702-70 

Pteropoda 

Collection 

] 119* 

it • • 

. 118*60 
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1884. 


Jan. 13 


?? 

») 


IS 

21 




2r> 

29 


*■ j» 

»> 

Feb 

n 


5» 


30 

31 
4 
8 

13 

16 


21 

22 

23 

26 


„ 28 
March 10 
» 17 


»> 

>» 

J5 

» 


19 

20 
18 

27 

28 


April 4 
» 7 

„ 10 

» 13 

„ 18 
„ 24 

May I 
» 5 

,4 10 

t, ^ 19 
21 

23 

28 

» 31 

June# '4 


Mr. A. 8. Pennington, Bolton . 
Mr. T. J. Moore, Liverpool 
Dr. Dawson, Toronto, Canada . 
Dr. Yigclius, Haag . 

Dr. Aug. Muller, l4ankfort-on- 
Maine ... 

Mr. Oil. J. Gatl3% Liverpool , 
Musee Zoologlquc, Sb. Peters¬ 
burg . 

M. B. Prendeb Odessa 
M. J. C. Puls, Ghent 
Mr. E. P. llamsay, Sj'dney 
M. Eug. Simon, Paris . , 

M. E. Marie, Paris . 

Prof. Friant, Nancj’’ 

Prof. C Emery, Bologna 
Prof. Goza Entz, Klausenburg 
l^rof. J. Maliisz, Fiume . 

Dr. Zotlau v. Roboz, Kaposvar 
Prof. 'R. Leuckart, Leipzig 
M. Jules Maurice, Douai 
Dr. L. Eger, Vienna . . 

Prof. II. Moinez 
Proft C. Emery, Bologna. 

Dr. J, Kennel, Wurzburg* 
Insiituto Froebel, Naples 
Prof. Anderson, Queen’s Col¬ 
lege, Galvray 
M. K. May, Oscliatz 
Dr. L. Eger, Vienna 
Cav. S. Brogi, Sienna 
M. E. Polzam, Kasan 
Dr. L. Oerlcy, Budapest . 

M. E. Marie, Paris . 

Societti Tecnioa, Florence 
Dr. H. Nussbaum, Warsaw 
Dr. L. Eger, Vienna 
Exhibition, Turin . 

Prof, H. N. Moseley, Oxford . 
Prof. G. Ciaccio, Bologna , 
M. Marie, Paris 
Dr. Pv-awitz, Berlin . 

Mr. Bourne, London 
Prof. B. Leuckart, Leipzig 
M. Sang de Diego, Madrid . 
Prof. Stepanoff, Chaxkow , 
M. zur Miihlen, Dorpat . 

Mr. H. W. Holder, Stalybridgo, 
Manchester.... 
Zool. Kabinet, Kasan 
Museum der Acad, der Wis- 
senschaften, St, Petersburg. 
Prof. Budinger, Munich. 

Prof. J. B. Blake, Nottingham. 
Prof. Chun, Kdnigsberg . 

M. Marie, Paris . . , 

Society Tecnica, Florence 
Prof. Emerj'-, Bologna • , 

Prof. 0. Ehertb, Halle . 

Air. A. S. Pennington, Bolton . 
Mus6e d’Histoire Nat., Genova 
Prof. 0. Vogt, Geneva * 

-Dr, Marshall, Leipzig , , 


Collection 

” . * 
Cassiopeia 

Collection 
Various . 

Collection 

Various . 

Echinodormata 

Collection 

Crustacea 

Various . 

Collection 


Serpiilji . 

Octopus, Ek'dono . 
Chiibtoptcrns, etc. . 
Cecrops . 

Oollcclioii 
Hippocampus. 
Mollasca . . 

Small colleclion . 

Collection 

Holothuria, Echinod. 
Cecrops . , 

Mollusca 

Cestus veneris, etc. 
Collection 
Salpae . , 

Collection • 

»» » • 

Emys emropoa 
Collection 
Amphioxus, Lej)as . 
Sygnathiis, etc. 

Salpai 

Avicula, LithotlomuH 
Collection * 

t) *> . 


» * 

Ctircharia.s giaucu.s 

Corallium, SaljJii. 
Collection 

Collection 
Embryos of shirks 
Collection 

Petromyzon . 
Bliizostoma, etc, , 
Ophiuridea . 
Various . * 

Collection 


»» • * 
Tothya lyncurium » 


Fr. c. 
SI 'oJ 
171*30 
21(;*7() 

r>0‘ 

308* 

10* 


10!]‘6r> 

50* 

195'7r> 

647*15 

86 * 

371‘Or) 
100*80 
107* 

133*8r) 
145*-i5 
6*7r> 
06* 
(;-7o 
()• 

303*70 

r>*3r> 

13*76 


366*(;6 
4‘1 ‘66 
33*15 
19*86 
ID 

518*90 

257* 

90*76 

149*36 

13* 

2050*36 

68*86 

0*66 

171*60 

10*46 

400*60 

832*96 

189-45 

35* 


16* 

594*25 


5;H*95 

23* 

365*06 

1422*95 

56*10 

33*20 

7- 

90*30 

173*70 

343*75 

118*10 

6*10 






im. 
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June 

. 4 

Prof. A. M. Marshall, Man- 


Fr. c. 



cliostcr .... 

Collection 

. 1,020-20 



j\lr. H. C. C, Chadwick , 

y? * * 

. 150-60 


n 

IMr. J. Gaily, Liveipool . . 

Corallium riibrum . 

. 10- 

If 

10 

Prof. Til. ;Margo, Budapest, , 

») 

. 33-25 



Ih'of. Hubrcchl, Utrecht . 

Ascidia mentula . 

. 31- 



Dr. L. Eger, Vienna 

Comatnla 

4-35 



M. L, Dreyfus, Wiesbaden 

Corallium rubrum . 

. 44 75 


23 

i'rof. Alb, del Prato, Parma . 

Mollusca 

. 41*55 



Mr. R Valient in, Leytonstonc. 

Asoidla . 

. 10-00 


27 

Pi of. F. E. Schultzc, Berlin , 

Collection 

. 335- 



M. Mane, Paris 

Corallium 

. 11*70 



M. P. do Lfu'iol, Chalet dcs Bois 

Echinodermata 

, 23*25 


30 

Prof. A Agassiz, Harvard Col¬ 





lege, C'aiubridgo, Mass. 

Collection . 

. 1,459* 


Total 


25,4o0*65 


ISSil. Sept. 4 Prof. Haddoii, Dublin . . • . 

Prof. Herdman, Liverpool 
Prof. Thomas, Auckland, ISTew Zealand. 
Prof. Yseux, Universite Libre, Brussels 
Dec. 14 Prof. Packard, Brown Univ., Providence, 

E. I., U.S.A. 

„ 15 Prof. McIntosh, St. Andrews University. 

Prof. L. Camcrano, Turin . • 

1884. Jan. 31 Dr. A. Gravis, Brussels . 

Fob. 24 Zoological Laboratory, University, 

Charkow.• , 

Physiological Laboratory, University, 

Oharkow. 

Zootomical Laboratory, University, 

Charkow. 

Dr. W. I. Vigelius, Haag 
June 20 M. Ch. I. Dupont, Beauvais . 

Laboratoire de Zoologie, Haney . 
Zootoinical Cabinet, University, Kasan. 


imtions have been sent 
une 1884. 

Fr.c. 

69 preparations 

100* 

12 

jf 

20* 

28 


60- 

30 

if 

60* 

25 


50* 

52 

»J 

95* 

50 


100* 

33 

ft 

44* 

14 


20* 

10 

»> 

20*50 

0 

if 

4*50 

3 

ff 

4* 

8 

>y 

16* 

7 

ff 

15* 

61 

Ji 

100* 


715* 


Fourth Report of the Comraittee^ consisting of Mr, Sclatek, Mr* 
Howaed Sadnbehs, and Mr. Thiselton Dyek {Secretmy\ 
pointed for the purpose of investigating the Naluml History of 
Timor Taut 

SiKCE oiir lash report was presented to the Association, Mr. Porbes's 
botanical collection—which, from the result of an unfortunate fire in the 
drying-house in which the Herbarium had to bo prepared, was very 
small, as he deplores—^has been handed over to the Royal Herbarium at 
Hew. Of this collection Sir Joseph Hooker, at a meeting of the Royal 
Geographical Society on January 28,1884, made the following remarks : 
* From that time [of the appearance of Professor Decaisne’s Flora Timo- 
riensis] to this, the limits of the Australian flora, so long supposed to have 
been circumscribed with exactitude, have never been laid down, though it 
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has been enormously enlarged to the north by the inclusion of the gi^eat 
island of Papua, which is to a great extent Australian in its biology, and 
by that of sundry other islets to the north-east and not‘th-west. It is 
under this point of view that Mr. Forbes's collections aro so important-. 
It is true that for the most part they consist of what are generally 
known as coral-islavd plants. . . . But besides this there are some 
peculiar forms, and there are two plants of extraordinary interest which 
1 would simply instance as being typical, one of the ISTew Hebridean and 
one of the Australian flora. It so happened that these two plants 
belonged to unispecific genera. . . . The existence of these plants- 
pointed to some old communication between these particular islands.’ ^ 

An orchid brought home in a living state has fiowered at Kew, and 
proves to he Bendrolium Flialcenopsis, Fiizg., hitherto only known from 
Queensland. 

Ho detailed account of the ethnographical collection has yet been 
published; but as the collection has been deposited in the British 
Museum, a description of the Timor Laut objects will doubtless appear in 
the catalogue of the Ethnological Department, while the more interest¬ 
ing will be figured in Mr. Forbes’s lorthcoming volume. At the last 
meeting of the Association at Southport, Dr. J. G-. Garson (Beport, 
566) read a short account of the crania (now in the British Museum) 

* brought from Larat by Mr. Forbes, which has been published m extmso 
in the Journal of the Anthropological Institute, Yol. XIIL, and which 
concludes with the following remarks on the relation of the inhabitants 
of Timor Laut to those of adjacent countries: ‘ That the skulls just de¬ 
scribed are not those of a pure race is very evident. Two very distinct 
types can bo made out—namely, the braohycephalic and the dolicho¬ 
cephalic, the former greatly predominating in number. Both from the 
information Mr. Forbes has given ns as to their appearance, and from the 
skulls themselves, there is no difficulty in recognising a strong Malay 
element in the population. The male skull Ho. 4, and the female Ho. 6, 
are typically Malayan in their characters, especially in possessing large 
open, rounded orbits, and smooth forehead, the superciliary ridges and 
glabella being almost entirely absent. The other hracbycephalic skulls,, 
though not presenting such a striking affinity, agree more or less with 
this type, but give evidence of mixed characters. The dolichocephalic 
skull is, on the other hand, markedly of the Papuan typo, and coaTe- 
sponds so closely as to be undistinguishable from two crania obtained 
twenty miles inland from Port Moresby, Hew Guinea, in the College of 
Surgeons’ Museum, also from another from the Solomon Islands. Along 
with this form of skull, Mr. Forbes informs me, is associated frizzly hair 
and dark skin. The examination of the cranial characters of the inhabitants 
of Timor Laut, as illustrated by the skulls before us, shows that the peopling 
of this island is no exception to what is usually found in the various groixps 
of islands in the Polynesian Archipelago. From its close proximity tO' 
Hew Guinea, perhaps more of the Papuan element might have been 
expected.’ 

In addition, the Goleoptera sent home have been examined and de* 
scribed^ in a recent paper by Mr, C. O. Waterhouse, published in the- 
Zoological Society’s * Proceedings.’ The number of species collected was 
twenty-nine; of these the following deserve special notice on account of 

* A detailed account was read at the Linuean Society, Kov. 6, 1884. 
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their geographical distribution; DlapJmtes nigosus^ a new genus and 
species of StaphyUnidee known from Java; Cypliogastra anguUcollis, only 
previously known from Banda; G, splendens, a new species allied to the 
preceding ; Arohetypus rugo,ms, belonging to a genus of Longicorns of 
which there was only one species previously known, which species occurs 
in Waigion, Dorey, and Aru ; Nemophas forbesii a new Longicorn nearly 
allied to N. grayl from Amboina. Farther, a new species of ground 
thrush (Geociclila macJiiJci) has been described by Mr. Forbes from addi¬ 
tional specimens brought home by himself on his return. So that our 
knowledge of the avifauna of this region has been increased by the 
addition of twenty-four new species, entirely collected on the few square 
acres to which the inter-triba-1 wars of the natives restricted Mr. Forbes’s 
operations. 

At the presentation of our last report, Mr. Forbes, who had just, 
returned to England, gave a short description of the region visited by 
him; but at the meeting of the Boyal Geographical Society, to which we 
have referred above, he gave a more detailed account, which has been 
published, illustrated by a map, in their * Proceedings ’ for March, em¬ 
bodying the geographical observations made by him. 

The collections of Fishes, Crustacea, and Hydrozoa, though containing 
much that was of interest, added few species that were new to science. 

A statement in our last report, on page 227, that ‘ the total expense of 
Mr. Forbes’s expedition has amounted to 300Z.’ ought perhaps to be cor¬ 
rected, as we understand from Mr. Forbes that tlie total cost was more 
than double this sum. 


Report of the Committee, coitsisting of Dr. Pye-Smith, Professor 
HE Chaumont, Professor M. Foster, Professor Buehon Sanderson 
{Secretary)^ and Mr, W, North, appointed for the purpose of 
investigating the Influence of Bodily Exercise on the Elimina^ 
tion of Nitrogen (the experiments to be conducted by Mr. North). 
Drawn up by Mr. North. 

I HAVE to report that, owing to various circumstances, I have been unable 
to prosecute my researches during the past year. An unforeseen difficulty 
has arisen with regard to the work machine; this is that it is so large 
that it is difficult to find laboratory accommodation for it, and the noise 
and vibration caused by the sudden fall of the weight is so great as to be 
a cause of very serious annoyance to othei’S. I have not yet been able to 
find a suitable place in which to set it up, hut I hope before long to be 
able to do so. I enclose a copy of the abstract of a paper read before tbe 
Royal Society in October last, which gives the results of my researches 
up to that date, and for the continuation of'which the work machine has 
been constructed. I desire that tbe Committee may be reappointed. 
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Report of the Committee^ consisting of Mr. John Cohdeaux {Sem^ 
iary\ Professor Newton, Mr. J. A. Hakvie-Bkown, Mr. William 
Eagle Clarke, Mr. R. M. Barrington, and Mr. A. G. Moke, 
appointed for the purpose of obtaining {^oith the conseni of 
the Master and Brethren of the Trinity House and the Coth^ 
missioners of Horthern and Irish Lights) observations on the 
Migration of Birds at Lighthouses and Ligktvesselsy and of re-- 
porting on the same. 

The General Report ^ of tlic Committee, of whicli this is an abstract, 
comprises observations taken at lighthouses and lightvessels, as well as 
at several land stations, on the east coast of England, the east and west 
coasts of Scotland, the coasts of Ireland, also the Channel Islands, Orkney 
and Shetland Isles, the Hebrides, Faroes, Iceland and Heligoland, and 
one Baltic station on the coast of Zealand, for which the Committee 
is again indebted to Professor Liltken, of Copenhagen, Altogether 158 
stations have been supplied with schedules and letters of instruction for 
a^egisteinng observations, and returns have been received from 102. 

The best thanks of the Committee are due to their numerous observers 
for the generally careful and painstaking manner in which they have 
filled up the schedules, and the very intelligent interest taken by them 
in the inquiry. Special thanks must bo accorded to Messrs. H. Giitke, 
Heligoland; H. C. Mullei% Faroe; and M. Thorlacius, Skykkesholm, 
Iceland, for the notes sent in from their respective stations; also to Mr. 
J. H. Gurney, for having commenced on the south-east coast of England 
a similar system of inquiry, which, for a first trial, has worked well. In 
all doubtful cases of identity, where birds are killed against the lanterns, 
a wing is cut off, and a label with the date attached. These have been 
forwarded in batches to Mr. Gurney for identification, and wifch most 
satisfactory results. 

The Committee regret that for the second year in succession they 
have received no report from the west coast of England, A late member 
of the Committee, Mr, Philip M. C. Kermode, having failed to make any 
returns, or to send the collected schedules, although repeatedly requested, 
to Mr. W. E. Clarke, who had undertaken the work of tabulating and 
reporting on the same, provision has been made by the Committee for 
supplying the deficiency in any subsequent years. 

The observations taken on the east coast of Great Britain in 1883 
have been such as generally to confirm the conclusions arrived at in 
former I'eports, having refei'ence to direction of fiighb and lines of 
migration. 

The winter of 1888-4 has been exceptionally mild, and there has been 
an almost entire absence of severe frosts and lasting snowstorms; the 
prevailing winds in the autumn, west and south-west, such as observation 
shows are most favourable for migrants crossing the North Sea and 
continuing their journey inland. Winds from opposite quarters to these 
tire out the birds and cause them to drop directly they reach land. 
Our land stations report a great scarcity both of land and sea birds; 

^ m tlis Mi-gmtion of Mrds in the SjjHny mid 1883. West, 

Newman k Co., 54 Hatton Garden, London, E.O. 
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tliis tas not, liowever, been tlio case at sea stations—that is, 
vessels moored off tlie coast, at distances varying from five to fifty 
miles. Here the stream of migration, so far from sliOAving any abate¬ 
ment, lias flown steadily on in a full tide; and, if we jiiclge from the 
•well-filled schedules whioli have been retnrned, there has been a con¬ 
siderable increase in the visible migration, dne perhaps in some measure 
to increased interest and improved observation. Mr. William Stock, of 
the Outer Dowsing lightvessel, remarks that he had never before seen so 
many birds pass that station; the rush, also, across and past Heligoland in 
the autnmn was enormous. Migration is moi’e marked, as -well as concen¬ 
trated there, than at any station on the English coast. There was a 
great movement of various species passing forward on the 6tli and 7th of 
August, and again on the 14th, and more pronounced still on the 21st 
and 22nd, and on the 20th of August a similar movement was noticed at 
the Isle of May, at the month of the Firth of Forth. It was not, however, 
until September 21st and the two following days that the first great rush 
occurred on the English east coast, and a similar great movement or rush 
is indicated, at the same date, in Mr. Giitke’s notes, as well as from the 
most distant of the lightships. The prevailing winds over the Horth Sea 
on September 21st were moderate north-easteidy and easterly off the coasts 
of Denmark and Holland, blowing strong easterly on to the coast north 
of the Humber, with southerly and south-westerly off‘ the south-east 
coast, producing cross-currents over the North Sea. Whatever was tlio 
impulse, atmospheric or othei'wise, which induced such a vast rush of 
various species at this time, it was one which acted alike, and with pre¬ 
cisely the same impulse, on the sea-eagle and the tiny goldcrest. 

The second gi’eat rush was on October 12th and 13th, a similar move¬ 
ment being recorded at Heligoland. Then, again, from the 27th to the 
31st, and somewhat less through the first week in November, the passage 
across Heligoland, as well as the rush on our east coast, was enormous. 
Speaking of the nights from the 27th to the 31st inclusive, Mr. Giitke 
says: ‘ This was the first move by the million; for four nights there has 
been a gigantic feathei'’y tide running.’ During this time there were 
variable winds over the North Sea, but generally easterly and south¬ 
easterly on the Continent, strong west winds and squalls prevailing 
generally on November 5th and 6th. 

Again, with the outburst of some severe weather in the first week in 
December, a considerable local movement is indicated along the coast 
from north to south, culminating in the enormous rush of snow-buntings 
into Lincolnshire aboiit the end of the first week in that month. A care¬ 
ful perusal of the report will show how gonorally the rushes across Heli-. 
goland coi'relate with those on the east coast of England, although not 
always confined to identical species. 

A somewhat remarkable and very anomalous movement of migrants 
is recorded from lightvessels off the Lincolnshire and Norfolk coasts in 
the spring of 1883. In February, March, April, and May, birds passing 
the Leman and 0 wer, Llyn Wells, Outer Dowsing, Newarp and the Cockle 
lightvessels, were, as a rule, coming from easfeHy and passing in westerly 
directions. The entries show a great immigration of our ordinary autumn 
migrants from the east in the spring months, and on exactly the same 
lines and directions as are travelled by the same species in autundn. 
Had this movement been observed at one station only, we might perhaps 
have been induced to doubt th^^ accuracy of the return, but the fact of, 
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five lightvessels, liaving no commanication with eacli other, reporting tlie 
same circumstances, proves the correctness of the observations. 

On the east coast of Scotland Mr. J. A. Harvie-Brown says that the 
autumn migration of 1888 was pronounced, culminating in a grand rush 
from October 28th to November 3rd. The heaviest rush of birds, as com¬ 
pared with other years, was observed at the Isle of May on October 18th 
and 14th. This was with a south wind, although as a rule it is a south¬ 
east wind at that point which brings the greatest flights. 

In the autumn of 1882, on the east coast of Scotland, the bulk of 
immigrants are recorded at the southern stations; in 1888 these condi¬ 
tions were reversed, the bulk being recorded from northern stations. On 
the east coast of England, in 1883, birds appear to have been very equally 
distributed over tbe whole coast-line. It will be gathered from the General 
Report that the dates of the rushes on the east coast of Scotland wore 
slightly later than those on the east coast of England, and that the 
migrations past the more northerly stations in Scotland were in propor¬ 
tion later than in the south, and also that the dates of the heaviest rushes 
on the east coast agree fairly with the dates from the west coast. 

From the coasts of Ireland Messrs. A. G. More and E. M. Barrington 
report a decided improvement in filling up the schedules, in some cases 
three or four being returned from the same station. Forty-two stations 
were supplied with schedules in the spring of 1883 and thirty-five in tho 
autumn of the same year, returns coming in from thirty-four, one only 
failing. 

The number of migrants in tbe autumn seems to have been more than 
usual. A great rush of thrushes (including, probably, redwings), black¬ 
birds, and starlings, took place at the south-eastern and southern stations 
between October 26th and November 2nd—dates which agree with the 
great rush on the east coast of England. The migration was particularly 
marked at the Tuskar rock off the Wexford coast, which is proving itself 
the best Irish station, and no doubt marks the line of the chief passage 
from the British coast. The bulk of the immigrants appear to arrive on 
the south-eastern coast of Ireland, excepting such birds as the berniclo 
goose and snow-bunting, which are mainly recorded from north-western 
stations, and rarely entered in schedules from the east or south coast. 

An interesting feature this year is the occurrence of several examples 
of the Greenland falcon on the west coast, no less than eight having been 
shot at various points from Donegal to Cork and one Iceland falcon ah 
Westport. 

Independent of the ordinary notes on migration, the general remarks 
of the lightkeepers with reference to the nesting of sea-fowl on tho islands 
or outlying skerries are of great interest, and no matter what results are 
arrived at from this special inquiry, it is satisfacfcoiy to be in correspond¬ 
ence with such a number of observers at isolated spots around tho coast, 
and the information supplied cannot fail to be of much interest to future 
compilers. 

An interesting feature of the autumn migration is the occurrence of a 
flight of the blue-throated warbler {Cyaneciila sueclca). A single adult 
with bright-blue breast was observed at the Isle of May on the night of 
September 2—3rd. On the east coast of England twelve were obtained, all 
being birds of the year, and of these nine on the coast of Norfolk, besides 
about twenty others seen by competent observers. Very few goldorests, 
compared with the enormous flights of the autumn of 1882, have ap- 
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peared, and the same scarcity is observable in the Heligoland returns. 
Curiously enough, the hedge-sparrow (Acoentor modular is), vfh\Q]x migrated 
in immenso numbers in the same autumn, has been almost entirely absent. 
About half a dozen arc recorded at Heligoland, none on the east coast of 
England. 

Of the enormous immigration which crosses our east coast in the 
autumn, either to winter in these islands or merely on passage across 
them, a small proportion only appear to return by the same routes. 
Spring returns from lighthouses and lightyessels show birds then move 
on the same lines as in the autumn, but in the reverse direction. These 
return travellers do not, however, represent anything like a tithe of the 
visible immigrants which, week after week and month by month in the 
autumn, move in one broad stream on to the east coast. 

What is called the ‘first flight’ of the woodcock arrived on the York¬ 
shire, Lincolnshire, and Norfolk coasts on the night of October 21st. The 
‘ great flight,’or rush, which covered the whole of the east coast from 
the Fame islands to Yarmouth was on the nights of the 28th and 29th. 
These two periods correlate with the principal flights of woodcock across 
Heligoland. 

But few woodcock were recorded from stations on the east coast of 
Scotland, although at the Bell Bock lighthouse, on the night from October 
31st to November 1st, Mr. Jack reports an enormous rush of various 
species, commencing at 7 r.M. Immense numbers were killed, pitching 
into the sea. ‘ What we thought were woodcocks struck with great force; 
birds continued flying within the influence of the rays of light till the 
first streak of day, continually striking hard all night; we believe a great 
number of woodcocks struck and fell into the sea.’ 

Mr. Harvie-Brovm records a very great spring migration of wood¬ 
cocks which appear to have crossed Scotland between the Clyde and the 
Forth on March 9th, lOfcb, 11th, and 12th, 1884. These were observed to 
be the small red Scandinavian bird, which are quite unmistakable and 
distinct from British-bred birds. 

The occurrence of Locustella fluviatiUs at the Stevns lighthouse at the 
entrance of the Oresund in Zealand is interesting, as it is the first recorded 
Danish example of this species. 

Altogether thei'O has boon a very marked absence on our British coasts 
of rare and casual visitants. The roller (Goracias garrula) occurred in 
October in two localities—one in Lincolnshire, the other in Suffolk, 

Two examples of the sooty shearwater (J?ujjinus griseua) were obtained 
in Bridlington Bay about the end of September. The island of Heli¬ 
goland retains its pre-eminence as the casual resting-place of rare 
wanderers from other lands; and Mr. Gatke’s list for 1883 includes 
Turdus varlufi, Pmtincola rubicola, var. indica^ Pliylloscopus supeTciliosiis^ 
Hypolais pallida^ Moiaeilla citreola^ Antlms cervinus. A, Euhardi^ Oriolus 
galhula^ Lanius major, Mimicapa parva, Idnota exilipes, Bmberha melano- 
cephala, E. cirJus, E. rusUca, E, puf^illa, Pastor roseus, and Xema SabiniL 

It is well known that large numbers of European birds, presumably 
driven out of their course, are seen, during the autumn migration, far out 
over the Atlautic, alighting on the ocean-going steamers. It is proposed 
by Mr. Harvie-Brbwn to supply schedules to the principal lines of ocean, 
steam-vessels for the better recording of these occurrences. It must he 
borne in mind that the immense and constantly-increasing traffic, which 
in these days bridges the Atlantic and unites the Old and New Worlds, 
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offers unusual chances for birds to break their flight, and ultimately, 
perhaps, to reach the American coast. In the C(jmparativcly narrow seas 
lietween the European continent and Crreat Britain birds are frequently 
noted as alighting on the rigging of vessels and lightships, roosting iu 
the rigging during the night, to resume their flight at the first streak of 
dawn. 

It is a matter of congratulation that our Ameiucan and Canadian 
fellow.workers have instituted a similar system of observation on the 
migration of birds. At the first Congress of the American Ornithologists’ 
Union, held at New York City,^ September 2(j-28,1883, a Committee on 
the Migration of Birds was appointed. It is intended to investigato this 
in all its bearings, and to the fullest possible extent, not only in the 
accumulation of records of the times of arrival and departure of the 
different species, but to embrace the collection of all data that may aid in 
determining the causes which influence migration from season to season. 

Your Committee respectfully request their reappointment, and trust 
that the Association will enable them to continue the collection of facts. 


Report of the Committee^ consisting o/Professor Secretary)^ 

Professor Lankestek, and Professor (jamoke, appointed for the 
purpose of preparing a BibliograpJig of certain Groups of 
Invertebrata. 

The Committee beg leave to report that the work, compiled by Mr. D’Avey 
W. Thompson, B.A., Scholar of Trinity College, Cambridge, though not 
yet completed, is in a forward state. The whole of the part relating to 
'Proto:wa, and nearly the whole of that relating to Bpomjida, have been 
printed off, while a large portion (Sections A to L inclusive) relating to 
Goilenterata is in type, and the remainder is reported by him to be ready 
for press. 

The Committee cannot but regret the non-pompletion of the Biblio¬ 
graphy by the time originally expected; but they are saiisliod that the 
delay has been in great measure duo to causes which will contrlbuto 
largely to the value of the work; and the Committee have most thanki ally 
to acknowledge the important services to this end kindly rendered by 
Mr. H. B. Brady, E.E.S., Professor Hiickel, Professor Wyatt, of Boston, 
and Professor iJleyne Nicholson. 

The printing of the work has been liberally undertaken by the Press 
Syndicate of the University of Cambridge, and it will form a volume of 
about 300 pages. 

The Committee herewith transmit a copy of the portions already in 
type ^(five sheets and twenty-six slips), whence will be perceived the 
lanorions nature of the work, as well as the effective way in which it has 
been done., 
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Report of the Commrttee^ consistinij of Sir JosErii Hooker, Dr* 
Gunther, Mr. Howard Saundekh, and JMr. P. L. Sclateu 
(Secretaryf appoinied for iheparjjose of exploring Kilhna-ivjaro 
and the adjoining mountains of Eastern Equatorial Africa. 

1. The Committee have the satisfaction of announcing that they have 
made arrangements with Mr, H. H. Johnston (who has recently returned 
from the Congo) to undertake an exploration of Kilima-njaro, and that 
he is probably by this time encamped upon that mountain. 

2. The Committee have arranged with Mr. Johnston to undertake the 
wdiole cost of the expedition for 1,000^., without reference to personal re¬ 
muneration. It is believed that the necessary expenditure will not bo 
covered by this sum, but Mr. Johnston has agreed to make good any 
deficiency. 

J, Towards this sum of 1,000Z., the Committee have appropriated a 
sum of 500Z., granted to them by the Association at thoir last meeting at 
Southpoi't. The Committee have also received from the Governmmit 
Grant Committee of theEoyal Society two sums of *250^. each, so that the 
whole amount of 1,000Z. required for the expedition is already available. 

4. But looking forward to the risks of African travel, and to the 
expenditure likely to be incurred on the transport to this country, and 
on tlie working out of the collections obtained by Mr. Johnston, the 
Committee trust that a farther sum of fifty pounds may be placed at their 
disposal. 

5. A copy of part of Mr. Johnston’s last letter to the Secretary of 
the Committee, containing an account of the progress of the expedition, is 
annexed to this Report. 


Extracts from a letter from Mr. Johnston to hir. Solater, dated 
British Residency, Zanzibar, May 13,1884 :— 

^At last my expedition, thanks to the help of Sir John Kirk, is 
organised and ready to start. I have engaged thirty-two men here (at 
Zanzibar), and have sent them off to Mombasa in a daw to await my 
coming. I myself leave to-day for Mombasa in the mail. At Mombasa, 
through the Consul (Captain Gissing), I have engaged sixty more men, 
for it will need nearly a hundred porters to carry my goods and baggage 
to Obagga. I hope to leave Mombasa in a fortnight’s time, I anticipate 
three vreeks’ easy travel to Kilima-njaro, and, as far as it is possible to 
foretell aught in Africa, no serious difficulties seem to stand in my way. 
The expedition, however, will prove much more costly than I had antici¬ 
pated. 

* However, I think I shall be able to make both ends meet for six 
months on Kilima-njaro, and if 1 stay longer, or make a dash at Kenia, ii> 
will be on my own account. I shall probably make Taita, or Teita (vide 
map) a half-way house, and go backwards and forwards w^ith collections 
and goods. I^shall try to forward collections addressed to you by every 
mail if feasible. Then, if you judge of the value, and estimate that my 
share of the collections will realise a good amount, it will induce mo to 
devote more time to the country. 

* My.health, notwithstanding a much more trying climate than I have 
yet met with in Africa, has been very good, and I have not known an 
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houi'’s illness or indisposition. Sir Joliii Kirk lias shown me the utmost 
kindness and hospitality, and his help and his influence have smoothed 
awaymiany difficulties. The expedition promises most favourably, as the 
present condition of the countries to be traversed is good and peaceful, 
food abundant, and provisions cheap. 

‘ I have obtained the services of three of Dr. Fischer’s bird-skinners, 
and have got one botanical collector, trained under Sir John Kirk, 
-and acquainted with the mysteries of ‘‘soldering” and preserving 
in spirit. I have sent for rectified spirit from Bombay, and in the 
interval am nsing trade gin. The Sultan has given me three kegs of 
g-unpowder to give as presents to chiefs, and has also furnished me with 
letters of introduction. 

‘ I am in excellent condition, and start to-day on my journey in the 
best spirits and with the strongest hopes of its success.’ 


Report of the Committee^ consisting of the Eev. Canon Tristram, 
the Eev. F. Lawrence, and Mr. James Glaisher {Secretary\ for 
promoting the Survey of Eastern Palestine. 

The Committee proceed to give an abridged account of the scientific 
results of the expedition conducted by Professor Hull, in the winter of 
1883-84. These, in fact, are the results of their labours since the last 
meeting of this Association. Professor Hull reports as follows : 

‘ The Committee of the Palestine Exploration Fund, in the summer of 
1883, resolved upon sending out an expedition to examine the geological 
structure of the Jordan valley and Western Palestine, together with that 
-of the valley of the Arahah, with a view to determine the mode of their 
formation and physical history. It was also intended to connect the 
triangulation of the district of Mount Sinai (Jebel Musa) with that of 
Western Palestine along the district of the Wady el Arahah ; and to de- 
termiiie the elevation above tbe sea of tbe watershed (or “ saddle ”) of 
that valley, with reference to the practicability of tbe projected “ Jordan 
Talley Canal Scheme.” Several collateral objects were also kept in view 
—such as the investigation of the sites of Ezion-geber, Kadesh-barnea, 
and other localities connected with the Israelitish migration and history ; 
but in this place only the scientific aspects of the expedition will be 
referred to. 

‘ Besides the author, who was put in command of the expedition, the 
other members were Major Kitchener, E.E., and Mr. Armstrong (formerly 
Sergeant-Major, E.B.), who joined us in Egypt; Mr. H. C. Hart, Trin.Ooll., 
Dublin, who had been a member of Captain Kares’ Polar Expedition, and 
now joined as botanist and naturalist; Mr. Eeginald Lawrence, Asso¬ 
ciate of the Eoyal College of Science, Dublin, who acted as meteorologist; 
and Dr. E. Gordon Hull, who was appointed assistant and medical officer.^ 

* The arrangements for providing camels, tents, food, and supplies were 
undertaken gratuitously by the well-known firm of Messrs. T. Cook <fc 

* Mr. Hart has considerabljr added to the recognised flora of the district traversed, 
and Mr. Lawrence has furnished a daily register of the temperature and aneroid 
readings. Dr. E. G. Hull brought home a large number of photographs. 
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Son, to whom it is only tlue to say that they did everything in their 
power for the comfort and safety of the members of tbe expedition. A 
rendezvous of the whole party, including conductor, dragoman, and Ai’abs 
of the Towara tribe, took place at Cairo on tbe 7th of ISToveraber, 1883, 
and on Monday, the 11th of the same month, the party started for their 
desert journey fi'om Moses’ Wells (Ayun Musa), near Suez. 

‘ The route taken lay along tbe plain bordering the Grulf of Suez to 
Wady Gharandel, and thence by the WMies Hamr, Suwig, and ISTasb, 
Bark, Lehwey, Berrah, and Es Sheikh, to the base of Mount Sinai (debel 
Musa). Thence, after a ft-w days, in a north-easterly direction hy the 
Wadies Zelegah, Bij^ar, El Ain, Eb Tihyah, and Kas en Nakb to Akabab. 

‘ Here the Arabs of the Towara tribe who had conveyed the party thus 
far were dismissed ; and arrangements were entered into with the Sheikhs 
of the Alowins for a convoy along the Wddy el Arabah to Petra, and tbe 
shore of the Salt Sea (Bahr Lut). This having been effected, the party 
left Akabah on the 3rd of December; and after visiting Petra, Mount 
Hor (Jobel Haroun), and several of the branching valleys on either side, 
reached Es Saheh on the 17th of the same month, and camped by the 
village of the Ghawarnehs, where they remained ten days, including 
Christmas Day. Horses and mules having at length arrived from 
Jerusalem, accompanied by a small escort of Turkish cavalry, the pax’ty 
crossed to the western shore of the Salt Sea, and after examining Khas- 
ham (or Jebol) Usdum (the salt mountain), ascended by the Wady 
Zuweirah towards the table-land of Southern Palestine, camping succes¬ 
sively at W4dy el Abd, Tel el Melh, Bir es Saba (Beersheba), Tel Abu 
Hareireh, and reaching Gaza on the last day of the year. Here tbe party 
•would have been obliged to remain in quarantine for fifteen days but for 
the friendly offices of Lord Dufferin, the British Ambassador at Constan- 
tinople, who procured their release on the morning of the fifth day. They 
then proceeded onwards by Jaffa to Jerusalem, whence excursions 
were made to the Jordan Valley, and other places around, and by which 
two complete traverses of Southern and Central Palestine were effected. 
The whole distance traversed was about 700 miles, of which 500 miles 
were on camel-back, the remainder on horseback. A final expedition 
through Northern Palestine was then arranged for, but was brought to an 
end by a heavy fall of snow, which covered the whole of the table-land of 
Palestine to a depth of two feet and upwards. The party left Jaffa on 
their return to England on Friday, January 25, Major Kitchener having 
previously returned to Egypt. 

‘ Scientific EesuUs ,'—Before proceeding to give an outline of the scientific 
results of the expedition, the author desires to express his obligations to 
the writings of previous explorers in the same field, especially to those of 
Russeger, Fraas, Tristram, and of MM. Lartet and Vignos, of the expedi¬ 
tion carried out by the Due de Luynes. 

‘ 1. A complete triangrulation of the district lying between the moun¬ 
tains of Sinai and the WMy el Arabah, including that of the W4dy el 
Arabah itself, bounded on the west by the table-land of the Tih, and on 
the east by the mountains of Edom and Moab. An outline survey along 
the line of route was also made, and has been laid down in MS. on a map 
prepared by Mr. Armstrong on tbe same scale as the reduced Map of 
Palestine, viz. f inch to one statute mile, or TirsW-o* 

* 2. Some important rectifications of the borders of the Salt Sea, and 
of the Gulf of Akabah,’* were also made. 

1884. T 
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‘ 3. A geological reconnaissance along the line of route througla tlie 
districts of Sinai, Akahah, and the W4dy el Arabah, including the follow¬ 
ing particulars:— 

‘ (a) Collections of fossils from the W4dy Nash limestone, in addition 
to those already made by Mr. Banerman and Colonel Sir C. W. Wilson. 
These fossils (which are being examined by Professor Sollas) go^ to show 
that this limestone is of carboniferous age: the Wady JSTasb limestone 
was found to continue over a considerable region north of Mount 
Sinai, and was again recognised amongst the mountains of Moab on the 
east side of the Salt Sea in the Wady el Hessi. As this limestone rests 
upon a red sandstone foundation, this latter may also be assumed to be of 
the same geological age, and therefore cannot be the representative of the 
iN’ubian sandstone ” of Eusseger, which (as Professor Zifctel has shown) 
is of cretaceous age. I propose to call this formation, therefore, “ the 
Desert Sandstone.” It forms with the limestone a strip along the borders 
of the ancient rocks of palaeozoic or archsean age, and is about 400 feet in 
average thickness : the base is generally a conglomerate. 

‘ (b) Above the. WMy Hash limestone is another sandstone formation, 
of which a large portion of the Debet er Ramleh is formed. It is laid 
open in the WMies Zelegah, Biyar, &c., and along the mountains of Edom 
and Moab, Out of this rock have been hewn the ancient temples, tombs, 
and dwellings of Petra and the W^dy Musa. It stretches along the 
southern escarpment of the Tih plateau, and forms the base of the 
limestone cliffs along the margin of the Wady el Arabah as far north 
as Negeb es Salni. This sandstone formation is soft, red, or beautifully 
variegated, and is in all probability of cretaceous age, and therefore the 
trne representative of the “ Nubian sandstone ” of Eusseger. It will 
thus be seen that there are two red sandstone formations, one below, the 
other above the carboniferous limestone of the WMy Nash. 

‘ (c) The geological structure of the W4dy el Arabah was examined 
throughout a distance of 120 miles from south to north. That it has 
been hollowed out along the line of a main fault, ranging from the eastern 
shore of the Salt Sea to that of the Gulf of Akabah, was clearly deter¬ 
mined ; and the position of the fault itself was made out and laid down 
on the map ^ in six or seven places, one being about ten miles north of 
Akabah, another near the watershed, in which places the limestone of 
the Tih (cretaceo-nummulitic) is faulted against the old porphyritio and 
metamorphic rocks. I give on the next page two sketch sections to illus¬ 
trate the structure at these points. 

* There are numerous parallel and branching faults along the Arabah 
Yalley, but there is one leading fracture running along the base of the 
Edomite mountains, to which the others are of secondary importance; 
this may be called the Great Jordan Yalley fault.” The relations of 
the rocks in the Ghor and Jordan Yalley have already been shown by 
Lartefc, Tristram, Wilson, and others, to indicate the presence of a large 
fault corresponding with the line of this remarkable depression, and the 
author considers the fracture he has observed in the Arabah Yalley to be 
continuous with that of the Jordan. 

‘ (d) The ancient rocks which form the floor either of the Desert or 
Nubian sandstone formations consist of granite, gneiss, porphyries, and 
more rarely metamorphic schistose rocks—together with volcanic rocks, 

^ The map used was an enlarged plan from Smith and Grove’s Ancient Atlas 
(J, Murray). 
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consisting of agglomerates, tnffs, and beds of felspatlnc trap. The author 
is disposed to concur ■with Dr. Lartet in considering the gneissoso laid 
granitoid rocks to be of archsean (or Laurentian) age, as tliey aro pro¬ 
bably representative of those of Assouan in Upper JEgypt, which Prineipal 
Dawson has recently identified with those of this age. The granites and 
porphyries are traversed by innumerable dykes of porphyry and diorite,. 
both thronghont the Sinaic mountains and those of Edom and Moab; and 
the author considers it probable that the volcanic rocks which are largely 
represented along the base of Mount Hor, and of Jebel Somrali near Es 
Safieh, are contemporaneons with these dykes. As far as the author ■was 
able to observe, none of these dykes penetrate the Desert or Nubian 
sandstones, and if so, they may be considered of pre-carboniferous age. 
The upper surface of the ancient rocks was extremely uneven previously 
to the deposition of the Desert sandstone, having been worn and denuded 
into ridges and hollows; over this irregular floor the sandstone strata wei'c 
deposited. 

‘ 4. The occurrence of terraces of marl, gravel, and silt, through which 
the ravines of existing streams have been cut at an elevation (according to 
aneroid determination) of about 100 feet above the level of the Mediter¬ 
ranean, was taken to show that the level of the Salt Sea (Bahtr Lut) at 
one time stood about 1,400 feet higher than at present. These beds of 
marl were first observed at the camp at Ain Abu Beweireh; they contain 
blanched shells of the genera Melanopsis and Melania* The beds of marl 
were observed to be enclosed by higher ground of more ancient strata in 
every direction except towards the north, where they gently slope down¬ 
wards towards the borders of the Ghor, and become incorporated with 
strata of the 600-feet terrace. 

‘ The author concurs with Dr. Lartet in thinking that the waters of the 
Jordan Valley did not flow down into the Gulf of Akabah after the land 
had emerged from the sea; the disconnection of the inner and outer waters 
was very ancient, dating back to Miocene times. 

‘ The occurrence of beds of ancient lakes, consisting of coarse gravel, 
sand, and marl, amongst the mountains of Sinai, and in the Wady ol 
Arabah, where now only waterless valleys occur, taken in connection 
with other phenomena, have impressed the author with the conviction 
that the former climatic conditions of Ai'abia Petrasa were very different 
from those of the present day. Such terraces hove been observed by Di% 
Post in the Wddy Eeiran, and Colonel Sir C. W. Wilson in the Wady 
Solaf, and by the author in the WMies Gharamdel, Goweisah, Hamr, 
Solaf, and Es Sheikh or Watiyeh. It would appear that, at a period 
coming down probably to the prehistoric, a chain of lakes existed amongst 
the tortuous valleys and hollows of the Sinaitic peninsula. The gypseoua 
deposits of WMy Amarah and of ’Ain Hawareh are old lake beds, and 
Mr. Bauerman has observed remains of fresh-water shells (JLymncBa tnin^ 
cainla) and a species of Pisidimi in “lake or river alluviam” of the 
Wadies Peiran and Es Sheikh.^ 

‘ The author considers it probable that these ancient Sinaitic lakes 
belong to an epoch when the waters of the Mediterranean and the Red Sea 
rose to a level considerably higher than at present, and when, consequently, 
there was less fall for the inland waters in an outer direction. The 
evidence of a submergence, to a depth of at least 200 feet, is abundantly 

* Qtiart, Jqw* Ged* Soc,i vol. xxv. p. 32. 
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clear in tlie occurrence of raised beaclies or sea beds with shells, corals, 
and crinoids of species still living in the adjoining waters. The raised 
beaches of the Mediterranean and Red Sea coasts have been observed by 
the officers of the Ordnance Survey, and by Fraas, Lartet, Schweinfurth, 
Post, and others. They were observed by the author at the southern 
extremity of the Wady el Arabali, and shells and corals were found round 
the camp of December 3 at an elevation of about 130 feet above the Gulf 
of Ababah. 

‘ These ancient sea beds are represented in the Egyptian area by the 
old coast-line of 220 feet, discovered by Fraas along the flanks of the 
JNIokattain Hills above Cairo, and recently described by Schweinfurth.^ 
The period in which the sea rose to this level may be stated in general 
terms as the Pliocene, but it continued downwards till more recent times; 
and the author believes that at the time of the Exodus the Gulf of Suez 
reached as far as the Great Bitter Lake,^ a view in which he is supported 
by Principal Sir W, Dawson. It is scarcely necessary to observe that 
through the longer portion of this period of submergence Africa was dis¬ 
connected from Asia. 

‘ 8. The Miocene period is not represented by any strata throughout the 
district traversed by the expedition. Tlie author considers that in this 
part of the world the Miocene period was one of elevation, disturbance, 
nnd denudation of strata, not of accumulation. To this epoch he refers 
the emergence of the whole of the Palestine, and of the greater part of the 
Sinaitio area from the sea, in which the cretaceo-nummulitic limestone 
formations were deposited. To this epoch also he considers the faulting 
and flexuring of the strata is chiefly ref eiable; and notably the formation 
of the great Jordanio line of fault, with its branches and accompanying 
flexures in the strata—which are very remarkable along the western sides 
of the Ghor. These phenomena were accompanied and followed by 
extensive denudation, and the production of many of the principal physical 
features of the region referred to. 

‘ 9. The evidences of a Pluvial period throughout this region are to be 
found (a) in the remains of ancient lake beds, (h) in the existence of 
terraces in the river valleys, (c) in the great size and depth of many 
valleys and gorges, now waterless except after severe thunderstorms, and 
{il) in the vastly greater size of the Salt Sea (or Dead Sea), which must 
have had a length of nearly 200 English miles from north to south at the 
time when its surface was at a higher level than that of the Mediterranean 
at the present day. The author considers that this Pluvial period 
extended from the Pliocene through the post-Pliocene (or Glacial) down 
to recent times. As it is known, from the observations of Sir J. D. 
Hooker, Canon Tristram, and others, that perennial snow and glaciers 
•existed in the Lebanon during the Glacial epoch, the author infers that 
the adjoining districts to the south of the Lebanon must have had a 
elimatc approaching that of the British Isles at the present day; and 
that, in a region of which many parts are over 2,000 feet in elevation, 
there must have been abundant rainfall. Even when the snows and 
glaciers of the Lebanon had disappeared, the effects of the colder climate 
which was passing away must have remained for some time, and the 
vegetation must have been more luxuriant down to within the epoch of 

* Ubher die geol, SoUcMengUedening lU Moliaitam "bd Cm^o ; geeh 

OmlL 1883. . , 

“ Quurterlij Statement, April 1884, 
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Imnaan liafa ibation. The author’s views generally coincide with those of 
Theobald Ksher, as extended by him to a mnch wider area.^ 

‘10. llufe author considers that there are reasons for concluding that 
the ontburab of volcanic phenomena in J^oith-castern Palestine in the 
region of tliie Jaulan and Hauran, &c., has an indirect connection wdtli 
the forraabi^n of the great Jordan Lake of the Pluvial period. The 
presexLce c£ water in considerable volume is now recognised as necessai\y 
to volcanic activity, and the author submits that this interdependence was- 
l)roiight sal)iOdt when the waters of the lake stretched as far north as tlu." 
little Lake rf Huleh. These waters, under a pressure of several hundred 
feet, would tfnd their way into the interior of the earth’s crust along the 
lines of tk© great Jordan Valley fault and of its branches, and thus 
supply thus :iiecessary “steam-power” for volcanic action. The period 
when the wlcanoes of the Jaulan and Haui'an were in action appears to 
Lave rang^dlfrom the Pliocene through the post-Pliocene to the beginning' 
of the reo«iii ; when, concurrent with the falling away and partial drying 
up of the -voters of the great lake, the volcanic fires became extinct, and 
the great shaeets of basaltic lava ceased io flow. 

^ If th es es views are correct, it would seem that during the Glacial 
epoch Paleaiine and Southern Syria presented an aspect very diffex’eni 
from the pressent. The Lebanon throughout the year was snow-clad over 
its higher elevations, while glaciers descended into some of its valleys* 
The region of the Hauran, lying at its southern base, was the site of 
several estewsive volcanoes, while the district around, and the Jordan 
Valley itself, was invaded by floods of lava. A great inland sea, occupying 
the Jordan Talley, together -with the existing comparatively restricted 
sheets of watter, stretched from Lake Huleh on the north to a southern 
margin neair the base of Samrat Piddliu in the W&dy el Arabah of tho 
present da. 5 f„ while numerous arms and hays stretched into the glens and 
valleys of PaDestine and Moab on cither hand. Under such climatic con¬ 
ditions, we rmj feel assured, a luxuriant vegetation decked with verdure 
,the hills aid vales to an extent far beyond that of the present, and 
amongst the? trees, as Sir J. B. Hooker has shown, the cedar may havo 
spread far an*i wide. 

‘ 11. Thfe jji.uthor has not thought it necessary to go into the ([uoRtiun 
of the origin of the salinity of the Salt Sea, as this question is now fully 
understood. He is obliged to differ from Br. Lartet in his view of the 
origin of salt mountain, JebelUsdam,^ which he (the author) regards 
as a portionorf the bed of the Salt Sea when it stood about (>00 feet above 
its present lesweh This level exactly corresponds to that of tho terraces, 
both along tbe south and east of the Ghor, formed of lacustrine Tnateriala. 
The upper swface of Jebel Usdum was examined by Messrs. Hart and 
^ureuce, oi *our party, but previous explorers have considered tho sidoH 
iuacoessible* 

‘ 12* Th« £^uthor concurs with previous wiuters in considering that the 
Cretaceous sn A Tertiary periods succeeded each other over this region (at 
least as far as the marine deposits are concerned) without any important 
pby^cal diste^hances; in consequence of which the limestone formations 
of these peTio^Js are in physical conformity and are generally incapable of 

der MediterHsofwn Zd7ide7*t Petea^man’s MitthoiluugoUj^ 

® Lartet reg^i^ds the strata of this mountain as belonging to the hTmumulitic ’ 
period. 
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separation. It seems probable, however, that while the iNtummulitio 
limestones predominate in the Egyptian and IlTubian areas, those of the 
Cretaceous period were more folly developed over the area of Arabia 
Petrsea and Palestine. 

‘ The scientific results of which the above is a summary are intended 
to be published in extenso by the Palestine Exploration Fund, together 
with a geological map of the whole district, and one on a larger scale of 
WMy el Arabah. The popular narrative of the expedition will appear 
before the close of the year.’ 


Report of the Goitimittee, consisting of Mr. Bilabrook (Secretary)^ 
Mr. Francis Galton, Sir Eawson Eawson, mul Mr. C. Egberts, 
appointed for ike purpose of defraying the expenses of complet¬ 
ing the prepjavation of the final Report of the Anthropometric 
Committee. 

The members of tbe Committee report:— 

1. That they have met and have applied the lOZ. voted to them in 
payment to Mr. J. Henry Young for his assistance in the calculation of 
the tables in tbe final report, 

2. That they have received from Dr. C. K. Ord, B.K”., Dr. Power, 
of Her Majesty’s Convict Prison at Portsmouth, and other gentlemen, 
additional information and suggestions of new branches of inquiry. Dr. 
Ord’s observations have been published in the annual report of the West. 
Kent Hatural History, Microscopical, and Photographic Society. Obser¬ 
vations on Eyesight, and a Scale of Pliysical Propo rtions, by Mr. Charles 
Roberts, are appended to this report. 

8. That they have had brought under their notice from many quarters 
evidence of the interest which the 'work of the Anthropometric Committee 
has excited, and of the desire to follow it up. 

4. That they recommend, tlierefore, that a small committee should fee 
reappointed for the purpose of continuing and promoting the collection 
of Anthropometric observations. 

Ohservatiom on RyesigJd, contrihded hj Mr. G. Bolerts. 

Much unnecessary alarm has been caused in this country by the 
publication of observations made in Germany on the deteriorating 
infiuences of certain occupations, and especially of school and college life, 
on the eyesight of children and young persons. The statistics collected 
by the Anthropometric Committee, though not so numerous as could be 
wished, show that no such deterioration occurs in England, but, on the 
contrary, that between ages 10 and 40 years a slight improvement takes 
place, a result which might bo expected from the operation of the 
physiological law that the function of an organ increases with its use. 
As no English statistics of eyesight bearing on this subject have been 
published, the following may be acceptable. 

Observations were made by means of the Army test-dots on all classes 
of the population following town and country occupations. The test-dots 
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were devised as a minimum test,^ but as a maximum test they are visible 
(theoretically) at a distance of 57 feet, and owing to this great range are 
not well adapted for testing the sight of persons living in towns, where 
large well-lighted rooms, suitable for making the examinations, are 
difficult to find. Instead, therefore, of using tho whole of the returns 
sent in, one thousand observations, which are known to have been taken 
under the proper conditions of space and illumination, are made use of, 
with the following results;— 

Observations on the EvRsiaHT made with the Army Test-dots on 
1,000 Males of the Ages prom 15 to 65 Years. 

Feet Feet Per 

Tboorefcical distance at which the dots are visible _57-(^ eeut. 

Mm)h or most trequent distance ooserved.57*5 + 0 5 

distance of total number .50-2 — 7*5 12*7 

„ * „ at ages between 15 and 40 years observed . 50-8 — C'7 1P7 

„ „ „ „ 40 „ 65 „ „ . . 46-7 ~ 10’8 = 18'8 

„ „ of total countiy population observed . . 51-9 — 5*6= 0-7 

„ „ » town „ „ . . . 50*0 - 7*5 =13 0 

The agreement between the calculated and the moan observed distance 
shows that the examinations were made under the proper conditions 
of space and light. The average shows a deficiency of eyesight, which, 
when distributed over the whole number of persons examined, reduces 
the distance to 50*2 feet, or 7*3 feet (12*7 per cent.) below tho normal 
standard. The deficiency of sight below the ago of 40 years is 6*7 feet 
(11*7 per cent,), and above that age 10-8 feet (18*8 per cent.), showing 
that it is largely due to the natural degeneracy of the sight from 
advancing age. The average sight of the country population is a little 
better than that of towns, but this may be attributable in some measure 
to the more favourable conditions under which the examinations were 
made; the difference is about 2 feet in favour of country folks. It is 
difficult to draw the line between good and imperfect eyesight, but 
considerable practice with the Army teat-dots shows that a person who 
can distinguish them at a distance of 30 feet (or half their theoretical 
distance) has good sight; and all below it may be said to have imperfect 
sight. Up to 30 feet 10*8 per cent, of the persons examined failed to 
distinguish the test-dots, and at 15 feet, the distance fixed by tho Army 
regulations for the exclusion of recruits for imperfect eyesight, barely 
1 per cent, failed to distinguish the test-dots. The failures vi\) to 85 feet 
wore at the rate of 10*3 per cent., and up to 40 feet 26*5 per cen 

To ascertain the influence of school-life on the eyesight of boys, 
about 3,000 observations, made with Snellen’s types, No. 1 aud 
No. 10, by the Eev, T. A. Preston, at Marlborough College,® have been 
examined with the following results. The statistics are valuable as 

J Each test-dot is one-fifth of an inch square, and corresponds at a distance of 
15 feet with the bulTs-eye of a target tw*o feet square at 600 yards distance. A recruit 
who cannot clearly distinguish the dots at a distance of 15 feet is deemed unfit for 
military service. 

® These observations were made with the book of tests for The DeteeUm of 
mourMindnm md Iinperfect Mye^U, prepared by Mr. C. Roberts for the Com¬ 
mittee, and they reflect the greatest credit on the skill and perseverance of Mr, 
Preston. Not only are the observations of great value to science in the aggregate, 
each boy was benefited by being informed of tho condition of his eyesight. 
The first edition of the book of tests having been sold out, a second edition, with 
some important alterations which practice has shown to be necessary or desirable* 
has been issued by Messrs. J, and A, Churchill, of Hew Burlington Street, W. 
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baving been obtained under exactly similar conditions, and made on boys 
wlio may be said to have had a hereditary, as well as a personal, experience 
of educational discipline. 

EYESICaiT OF 1,M6 Bovs AND MASTERS AT MARLBOROUGH COLLEGE. 


Boj's Masters 

_>__ 1 


Axge last Divtbday 

. il-12 

13-14 

i5-lG 

17-19 

20-40 

40-60 

N umber of observations 

. 183 

621 

315 

93 

19 

5 

Average of No. 1 test-tj^pe, inches 

. 17-4 

18 3 

19-4 

20-5 

21-8 

11*2 

„ No. 10 „ feet 

94 

9-2 

9-2 

9-4 

10-0 

6*0 


The mean^ or most frequent, distance at which 'No. 1 was read, 
was 19 inches, i.e. 7 inches in excess of the theoretical distance of 
12 inches; while No. 10 was read at the exact theoretical distance of 
10 feet. The averarje distance at which the boys read the smaller type was 
18'7 inches, a deficiency of of an inch for the whole school; and the 
average distance at which the larger type was read was 9*3 feet, or a loss 
of of a foot. The nineteen masters, between 20 and 40 years of age, 
read both types at a greater average distance than the boys. The 
average distance at which No. 1 was read increases at an almost uniform 
rate of 1 inch for every two years up to 18 years of ago. The sight of 
the five masters, of the age of 40 and upwards, is probably exceptional, 
and the number of observitions are too few to bo relied on. 

The following table is interesting as showing the relation w’hich the 
two tests bear to each otbci* when applied to the same individuals. The 
general disposition of the figures shows that the sight w^hich is proved to 
be good by one test is good also by tbo other test; but there are .some 
notable exceptions to this rule, a few of which are probably due to eiTors 


Table showing the relation oi*’ the Near an3> Distant Sight of 
Marlborough College Boys, as tested by No. I (12 inches) and 
N o. K) (10 FEET) Test-types. 


Distance in 
inches at 
which Test- 
type No. 1 
■was read 

Distances in feet at which No. 10 Test-tjpc was read. 

i 12 3 4 r, a 7 s 0 10 11 12 13 U If) 10 17 18 

Total, 

Ko. X Test 

Nnder4 in, 
Fx^m4to<l 
^ 6— 8 
8—10 
10—12 

12—M 
14—10 
16—18 
18—20 
20—22 
22—24 
24——26 

26—28 

28—30 

30—32 

1 

■j :) a 

3 7 « 1 i 

10 2 2 •} ■ 3 2 4 

33 1 1 8 a r> 1 7 1 e i 8 


1 

7 

12 

27 

45 

8*2 per cent. 
Imperfect 
near sight. 

7 10 2 2 3 n; 7 17 13 7 3 4 2 

3 11 5 2 8:18 7 25 18 7 6 4 

4 7 3 5 13.13 24 30 33 13 6 3 

2 3 4 4 6 16 31 43 39 26 23 11 

1 1 3 1 II 18 25 29 28 32 13 

1 6 ; 1 7 15 24 24 19 9 

i 2 2 3 12 19 U 13 

5 1 
a 2 
a a 

2 a 

12 7 2 

10 8 2 1 1 
9 5 1 

891 

117 

158 

213 

183 

127 

17> 

86*6 per cent. 
Good near 
sight. 

I 1 1 4 8 7 4 

f 1 2 2 4 1 

; 1 1 
■ 

3 15 1 

4 8 1 

2 11 

33^ . ^ 

1Q 1 CO 3J fl 

Total, 

No.lOTest 

8 44 8« 16 18 30 30;78 110 161 174 181 116 61 

47 36 11 2 3 

1115 

16*7 per cent. ■ 74*5 per cent. 

Short sight. ■ Good far sight. 

8'8 per cent. 
Long sight. 
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of observation. The table also shows the difficulty, already referred to, of 
drawing the line between good and imperfect eyesight. Judging from 
the value of the groups of figures, I have separated the boys whose sight 
•with No. 1 falls short of 12 inches, and with No. 10 of 7 feet, as possess¬ 
ing imperfect eyesight, forming 8*2 and 10*7 per cent, of the total iinmbej* 
respectively. Thus 83'3 per cent, of the boys possess and upwards 
far sight, and 91*8 per cent, possess ~\y and upwards of normal near 
vision. Sight which with both tests falls within the central square of the 
following table may be deemed good for all the ordinary purposes of life. 

Astigmatism ,—Tested by letters constructed of horizontal and vertical 
lines, 60*3 per cent, of the Marlborough College boys were found to he 
more or less astigmatic; 28*5 per ce nt. of the defect being horizontal, 
and 31*8 per cent, vertical, while o9‘7 per cent, were entirely freo from 
the defect. The following figures show that there is a disposition for 
astigmatism to increase with ago:— 

Astigmatism of 1,124 Bovs at MARLBonouGfr Collkge. 


Ago last birthday . 

11—12 

J3-U 

15-lG 

17—19 years. 

Number of observations . 

182 

53,1 

313 


Normal sight . 

41*2 

41-7 

39‘9 

32*0 per cent. 

Vertical astigmatism 

32-0 

:50*0 

31*9 

38*3 „ 

Horizontal „ . 

26*8 

28-3 

29*1 

33*0 „ 


GolcurMbiilness .—This defect was found to exist among the Marl¬ 
borough boys to the extent of 2*5 per cent. 


A Scale of Physical PE0P0rw*ri0NS for Life Insueance aku EBORumxCr, 
constructed by Mr. 0. Eoberts from data collected by himself, 
Dr. Beddoe, and the Anthropometric Committee. The table shows 
' the average breathing capacity, weight, chest-girth, and strength of 
arm, for each inch of stature of adult males (23-50 yeai's) and adult 
females (18-45 years) from 58 to 72 inches. 


1 Strengtli 
I arm 
j as in 
I drawing 
j a bow 


I lbs. 

1 S5-1 

83*9 
82-T 
81'5 
80*3 
79-2 
78’0 
76*8 
75-6 
74-4 
78-3 
72*1 
70-9 
69*7 
68*5 


Adult Males 


Adult Females 


Chest- 

girth 

across 

nipples, 

ojupty 

Weight, 

including 

indoor 

clothes 

Breathing 

capacity 

Stature 

without 

shoes 

Breathing 

capacity 

Weight, 

including 

iiuioor 

dress 

Chest- 

girth 

l)eh>w 

breasts 

Strength 
of arm 
as ill 
drawing 
a bow* 

Inches 

11)8. 

Cubic ins. 

Inches 

Cubic ins. 

ll»H. 

Inches 

lbs. 

:!8'9 

165*6 

290 

72 

238 

14M 

32*7 

51*1 

38*4 

163*3 

380 

71 

230 

139*1 

32*2 

50*4 

37*8 

161*0 

270 

70 

221 

137*2 

31-7 

49*7 

37-3 

158*7 

2C0 ■ 

69 

213 

136*2 

31*2 

49*0 

36*7 

166*4 

250 

68 

204 

133*3 

30*8 

48*3 

30*2 

154*1 

: 240 • 

67 

196 

131*3 

30*4 

47*6 

35*7 

151*3 

230 

66 

187 

129*4 

30*0 

46*8 

3r?*l 

149*5 

220 

65 

179 

127*4 

29*6 

46*1 

34*0 

147*2 

310 

64 

170 

125*4 

29*0 

46*4 

34*0 

144*9 

200 

63 

162 

123-6 

28*6 

44V 

33*5 

142*6 

100 

62 

153 

123*6 

28*1 

44*0 

330 

140*3 

180 

61 

145 

119*6 

27*6 

43*3 

83*4 

138*0 

170 

60 

136 

1 117*6 

27*2 

42*6 

31*9 

135*7 

ICO 

69 

128 

116*6 

26*6 

41*9 

31*3 

133*4 

150 

58 

i 

119 

1 313*7 

26*1 

41*2 






ON THE TEACHING OF SCIENC*E IN ELEHENTAHY SCHOOLS. 28S 


Report of the Committee^ consisthig of Dr. J. H, Gladstone 
(Secretary)^ Mr. William Siiaen, Mr. Stephen Bouene, Miss 
Lydia Becker, Sir John Lubbock, Bart.^ Dr. H. W. Crosskey, 
Sir Henry E. Eoscoe, Mr. James Heywood, and Professor N. 
Story Maskelyne, appointed for the pmrpose of continuing the 
inquiries relating to the teaching of Science in Elementary 
Schools. 


Since tbe re-appointment of your Committee at Southport no legislation 
affecting the teaching of science in elementary schools has taken place, 
and it is yet too early to estimate the whole influence of the Education 
Code of 1882 in that respect. Some indications, however, have been 
gathered from the Bliie-hook and from some of the large Boards. 

The tirst effect of the change of Code npon the teaching of science is 
shown in the return of the Education Depai’tment for this year; but as 
the tabulated statements only extend to Angust 31, 1883, they contain 
merely the results of those examinations that wero made of schools which 
came under the new Code between April 1 and August 1, 1882, or about 
28 per cent, of the whole. The following conclusions may be drawn: 
1st. Elementary science w'as taken np by scarcely any schools examined 
during these months, the number of departments that took it up as the 
second class subject being only 15, while 3,988 took up geography, 
(girls) needlework, and 114 history. It must be remembered that 
geography is more vsciontific than it was before, but needlework is rapidly 
displacing it in girls' schools. 2nd. The exclusion of the Fourth Standard 
from instruction in specific subjects has reduced the number of scholars 
so taught by 5C'G per cent.; but the remaining 43*4 per cent,—that is to 
say, the children in Standai'ds V., YI., and YII.—do receive a larger pro¬ 
portion of scientific teaching. Tho actual number of children examined 
during these four months in tho mathematical and scientific sj)ecifie 
subjects is given in Column I, of the following table; Column II. gives 
the estimated number who would have been examined under the old 
Code; Column JIJ. tho number of those who would have been above 
Standard IV, 


Subjeefc 


Al.a;ebrn. 

Enclhl and Mensuration . 


:Mcelianic.s, Scheme A. 


Ditto ditto B. . 


Animal ITiysiology . 


liotnny. 

Agriculhue (principles of) 
Chemistry .... 

Bound, Light, and Heat . 


Magnetism and Electricity . 
Domestic Economy . . , 



Totals 


Col. I. 

Col. II. 

Col. in. 

8,2.50 

604 

1 1,847 

799 

m 

1 1,393 

603 

7,078 

8,537 

3,696 

1,020 

G42 

278 

m 

— . 

— 

368 


— 

196 

— 

— 

1,133 

— 

— 

6,090 

16,890 

7,232 

25,802 

39,309 

12,608 


Comparing Columns I. and II., it will bo seen that the actual number 
examined in these subjects is not much less than would have teen 
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examined under tlie old Code, when the Fourth Standard was included; 
but the number of girls who have taken up domestic economy is 10,800 
less. If we compare Column I. with Column III., which embraces the 
same Standards, it appears that double the number of children have 
passed in these mathematical and scientific subjects. This is, no doubt, 
mainly due to tbe fact that English literature and physical geography are 
removed to the category of class subjects. The great gain has evidently 
been to the study of algebra, that subject and Euclid being taken up by 
about eleven times as many as previously took up mathematics. Animal 
physiology and botany have also largely increased. Mechanics is about 
tbe same, while of the new subjects magnetism and electricity has 
proved itself the favourite, while agriculture, chemistry, and sound, light, 
a,nd heat follow in order. The only subject that has actually lost ground 
is domestic economy, which is no longer obligatory in girls* schools if a 
specific subject is taken. 

The following table gives tbe number of passes in specific subjects 
made by tbe Loudon School Board children in 1881-2, and in 1883-4. 
The second column gives the estimated number of those that were made 
in Standards above lY., corresponding to Column III. in tbe previous 
table 


Subject 

1881-2 

1883-4 

Standard IV. 
and upwards 

Over 

Standard IV. 

Algebra.1 

213 

101 

/ 3,113 

Euclid and Mensuration . . / 



1 139 

Mechanics ...... 

48 

23 

165 

Animal Physiology. 

8,C67 

4,094 

5,C57 

Botany . 

534 

252 

G8G 

Agriculture (principles of) . 

— 

— 

299 

Chemistry ...... 

— 

— 

198 

Sound, Light, and Heat 

— 

_ 

179 

Magnetism and Electricity . 

— 

— 

825 

Domestic Economy .... 

9,597 

4,533 

3,478 

Totals 

19,059 

9,003 

14,739 


The following information has been furnished from the Manchester 
School Board:— 

I. Class subjects. 


Departments 

1882 

1883-at 

Gram¬ 

mar 

Geo¬ 

graphy 

Needle¬ 

work 

History 

English 

Geo-* 

graphy 

Needle¬ 

work 

Boys 

26 

24 

■ 

1 

31 

SO 


Girls 

26 

11 

8 

1 

28 

4 

23 

Junior 

13 

10 

_ 

__ 

21 

13 

3 

■ Mixed 

4 

— 

1 

-- 

4 


3 

Totals. 

69 

45 

9 

2 

, 84 

47 

29 
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Histox’Ical and geograpTiical readers are provided in every department, 
and even thonglitlie subject be not taken for tlie Government examina¬ 
tion, tbe children are always questioned on the matter of the reading 
books by the Board’s Inspector. 

II. Specific subjects (scientific). 



Departments 

Subject 

18S2 

1884 


Boys 

Girls 

Boys 

Girls 

ffid and Mensuration} • 

4 

/ 

“ i 

13 

1 

1 

I\Iochanics. 


— 

1 

— 

Animal Physiology. 

2 

— 

2 

— 

Botany ....... 

1 

— 

— 

3 

Domestic Economy. 

— 

10 

— 

2 

Totals 

10 

10 

17 

6 


Ill, Science teaching tinder the Science and Art Department is given 
as follows:— 


Subject 

Departments 

Bovs 

Girls 

Mathematics . .. 


2 

Physiology. 

1 

1 

Chemistry. 

3 

2 

Sound, Light, and Heat. 

2 

2 

Magnetism ........ 

2 

2 

Totals 

11 

9 


The Brighton School Board had the following number of children 
studying the specific subjects during the quarter ending March 25,1884:— 



Boys 

Girls 

Algebra. 

285 

_ 

Euclid and Mensuration. 

13 

— 

Animal Physiology ...... 

292 

6 

Magnetism and Electricity ..... 

149 

— 

Domestic Economy. 


261 


As to class subjects, the ten boys’ departments all take up geography 
as the second, the number of children under instruction being 2,879; 
while only one girls’ department, with 119 children, takes geography for 
the Goyernment examination, though it is taught in most of the others 
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through reading lessons. The other nine girls’ departments, with 2,339 
children, take needlework as the second class subject. 

At the Southport meeting a recommendation was passed that this 
Committee ^ be requested to consider the desirableness of making repre¬ 
sentations to the Lords of the Committee of Her Majesty’s Privy Council 
on Education in favour of aid being extended towards the fitting up of 
workshops in connection with elementary day schools or evening classes, 
and of making gi’ants on the results of practical instruction in such work¬ 
shops under suitable direction, and, if necessary, to communicate with tho 
Council.’ 

As it was believed that the second Report of the Royal Commissioners 
on Technical Instruction would have an important bearing upon this 
question, the Committee was not called together till the publication of 
that Report. It was not issued till May, and it then appeared that, in 
addition to a very large amount of valuable information, the Royal Com¬ 
missioners had recommended, among other things :— 

‘ {h} That there be only two class subjects instead of three in the 
lower division of elementary schools, and that the object lessons for 
teaching elementary science shall include the subject of geography,’ 

^ (d) That proficiency in the use of tools for working'’in wood and 
iron be paid for as a specific subject, arrangements being made for the 
work being done, so far as practicable, out of school hours. That special 
grants be made to schools in aid of collections of natural objects, casts, 
drawings, <&c., suitable for school museums.’ 

With reference to recommendation (h) your Committee, without 
expressing any opinion as to the desii’ability of forming one subject out 
of geography and elementary science, consider that, if this change be 
effected, the two clas^ subjects which will then represent literature and 
science should stand upon an equal footing. This would be in accordance 
with the resolution of the Council passed on December 5, 1881, in con¬ 
sidering the recommendations of your Committee in regard to the pro¬ 
posals for the new Code. At present, if only one class subject is taken, 
the Code requires that it should be ‘ English ’ (grammar and literature); 
but many managers or teachers might prefer taking science. 

With respect to recommendation (d) your Committee thoroughly 
fbe proposals, which, if carried out, would realise the wish 
expressed in the reference to them from the Southport meeting. 

They have not, however, thought it necessary to communicato at once 
with the Council, as there is no immediate legislation in pi-ospoct, and 
the meeting at Montreal might like to give further instructions on the 
subject. 

The name of Professor Story Maskelyne, M.P., has been replaced 
on the Committee. 
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Second Report of the Committep, consisting of Sir Joseph "Whit¬ 
worth, Sir W. Thomson, Sir F. J. Bramwell, Mr. A. Stkoh, Mr. 
Beck, Mr. W, H. Preece, Mr. E, Crompton, Mr. E. Rigg 
{Secretary)^ Mr. A. Le Neve Foster, Mr. Latimer Clark, Mr. 
H. Trueman Wood, and Mr. Bucknev, appointed for ihepiirpose 
of determining a Gauge for the manufacture of the varloas small 
Screws used in Telegraphic and Electrical Apparatus^ in Clock- 
tvork^ and for other analogous purposes,^ 

1. Since tLe presentation of its first Report on a gauge for small 
screws at tlie meeting of the Association held in 1882 at Soathamptoii, 
this Committee has further examined into the recommendations there 
made, with the result that they now have to propose some important 
modifications, the general efioct of which will, it is felt, be to materially 
facilitate the introduction of the system. 

2. The want of unanimity on the part of the Committee referred to 
in paragraph 7 of that Report arose mainly on the question as to wdiether 
the inch or millimetre should be taken as a unit of measurernent. It is 
evident that if either is rigidly adhered to, and in any way employed 
in the nomenclature of the screws, as, for example, in specifying the 
diameter, pitch, or threads per inch or per mm,, the same dimensions 
could not be expressed in whole numbers iu the other unit, and thus a 
material obstacle would be at once introduced to its general adoption, 

3. It should he pointed out, however, that it has hitherto been the 
cotnmon practice to designate such small screws as the Committee alone 
is considering, not by any specific dimension, but by a number, which as 
a rule is arbitrarily chosen and does not of itself form a guide to the 
size of the screw. Considering, then, that the unit of measurement is 
only indirectly connected with the subject of a screw gauge, the Com¬ 
mittee has felt; that the two units might he reconciled so far as relates 
to such a subject, and that thus one important difficulty would be 
removed. 

4. The manner in which the scries of screws adopted lately by Swiss 
manufacturers is correlated has been sufficiently explained in the 
previous Report, and very full explanations are given in tho two original 
pamphlets to which reference is there made.® The diameter (D) is 
related to the pitch (P) by tho formula I) s= 6 P§, (1), all measure¬ 
ments being in millimetres, and P having successively the values 
1 (or 0*9^) mm.; 0’9^ nam.; 0’9® mm.; O’D^ mm. . ^ . 0*9*^mm. 

Thus the index, becomes a convenient designating number for the 
screw, and the formula (1) may be expressed D = 6(()*9^)-S5 where 
P=:0-9^ 

5. The pitch of any screw can be at once ascertained from its desig¬ 
nating number by x’aising 0*9 to the power indicated by that number; and 
from this pitch the diameter is directly deducible by the formula (1), so that 
the number {n) given in the first column of the table, by which a screw 
is known, is intimately related to all its dimensions. 

* See Report of the Council presented to the General Committee at Montreal. 

2 SifBUmaUque duB •mB MoTloghreB^ by Prof. M. Thury, Geneva, 187$. Mtioe but U ^ 
Sj/Bthm (k$ ris de h MUh*c Sitim) Geneya, 1880, by the same author. 
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Proposed Small Screw Gauge. 


s 

g 

Kominal Dimensions in Thousandths 
of an Inch 

Absolute Dimensions 
ill MillimctreH 


Diameter 

Pitch 

Threads per Inch 

Diameter 

Pitch 

I. 

11. 

III. 

IV. 

V. 

VI. 

25 

10 

2‘8 

353 

0*25 

0*072 

21 

31 

3'1 

317 

0'2l) 

0-080 

23 

13 

3*5 

285 

0*33 

0*089 

22 

15 


259 

0*37 

0*098 

21 

37 

4*3 

231 

0-42 

0-11 

20 

19 

4*7 

212 

0-48 

0*32 

19 

21 

6*5 

181 

0*64 

0*14 

18 

24 

5*9 

369 

0-62 

0*15 

17 

27 

0*7 

149 

0*70 

0*17 

16 

31 

7*5 

134 

0*79 

0*19 

15 

35 

8-3 

121 

0 90 

0*21 

14 

39 

9*1 

110 

I'O 

0*2.3 

13 

44 

9*8 

101 

1*2 

0*25 

12 

51 

11-0 

90*7 

1*3 

0*28 

11 

59 

12*2 

81-9 

1-5 

0*31 

10 

67 

13*8 

72-6 

1-7 

0*3y 

9 

76 

15*4 

65-1 

P9 

0*39 

8 

86 

16-9 

59*1 

2*2 

0-43 

7 

98 

18*9 

52 9 

2*5 

0*48 

6 

310 

20 9 

47-9 

2*8 

0*53 

5 

326 

23 2 

43-0 

3*2 

0*69 

4 

142 

26*0 

38*6 

3*6 

0*66 

3 

161 

28*7 

34*8 

4*1 

0*78 

2 

186 

31*9 

31-4 

4-7 

0*81 

1 

209 

35-4 

28‘2 

6*3 

0*90 

0 

236 

39*4 

25-4 

6*0 

1-00 


6, It is evident that by taking tbe exact successive powers of 0*9 for 
tbe piteb, complex numbers would soon be arrived at. Such dimensions 
would, however, involve a degree of accuracy which is hardly attain¬ 
able in practice, and it may be shown that, with two significant figures 
employed throughout to express the pitch, the degree of accuracy likely to 
he attained in screws of the kind under consideration is I'cached. Relying 
on this fact, the series of pitches given in Column VI.^ is arrived at for 
screws ranging from -SSS-inch to tbe smallest in use, 0’01-inohin diameter, 
in place of the mathematically exact series obtained hj raising 0*9 to 
successively higher powers.^ And this is the series %vhioh the Committee 
recommends for adoption. 

7. Viewing the numbers thus obtained in the first place merely as a 
graduated series of pitches, and ignoring the unit of measurement, it 
may bo admitted that the series of po%vers of 0*9 from wdiioh they aro 
deduced is perhaps as good a one as can be suggested for the purpose, and 
it is found to very closely correspond with experience. Thus Column VI,, 
which gives the nearest approximation to this series that is practically 
required, is well adapted for such a system of screws. It is to be observed 
that in selecting a series of pitches there are three simple alternativoa 

* It may be incidentally pointed out here that this series comprises two screws, 
with pitches of 1 mm. and 0’25 mm,, which would be serviceable for Uiicromoters. 

» Sir Joseph Whitworth’s gauge, in general use,ends at J4n., whore this commences. 
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to clioose from : (1) to have a constant arithmetical difference between 
successive pitches, in which case either the pitches of small screws w^onld 
differ by too great an amount, or those of the larger screws by too small 
an amount; or (2) to divide the entire range into sets, in each of which 
the differences are constant. The third alternative is to take successive 
powers of some other simple fraction, for example 0’8, but such a series 
would nob so well Qorrespond with the screws most generally employed. 

8. Accepting this series, it may, however, be urged that it should be 
based on some aliquot part of an inch rather than on the millimetre. Bud 
any advantages to be gained by such a modification are inappreciable. For 
an examination of the numbers at once shows that they are, for the most 
part, awkward fractions of a millimetre, and the metric system of measure¬ 
ment thus enjoys no advantage in this respect over that based on the inch. 
From the point of view of interchangeability, however, of screws to be 
manufactured in this country and on the Continent, it is essential that 
the same basis of measurement of the pitch be everywhere adopted; 
because, having agreed upon only two significant figures on one basis, 
terminable decimals are obtained, but such terminable decimals could not 
be accurately expressed by two significant figures on the other basis of 
measurement. 

9. Again, it is to be remembered that the use of metric measurement 
to designate the pitch need not inconvenience English manufacturers who 
are desirous of cutting the screws in their lathes. For, as has recently 
been pointed out by Mr. Bosanquet,^ it is easy to cut a thread whose 
pitch differs from one millimetre by an amount which may for all ordinary 
purposes be neglected (g^th), with a guide-screw based on the inch by the 
addition of a wheel of 127 teeth, and thus the series here recommended 
could, on the rare occasions that it became necessary, be originated on any 
screw-entting lathe provided with the requisite wheels. But the Committee 
do not consider it needful to specially contemplate facility in the origin¬ 
ating of the threads, as the screws under consideration are made in a plate 
or by the aid of dies; and manufacturers on a large scale would be pro¬ 
vided with a special lathe for the purpose. 

10. Whether the inch or millimetre is adopted as a unit of measure¬ 
ment the series of pitches for these small screws becomes an ideal rarely 
attained in practice, for with screws tapped in a plate, or even with dies, 
the exact pitch aimed at will often not be attained; neither is it safe to 
assume that two screws, tapped in coiTesponding holes in different plates, 
will have precisely the same number of "threads per inch. This is 
especially the case with the smaller screws, as may be proved b^ accurately 
measuring the pitches of‘several tapped in holes that are'nominally alike, 

11. The fact here stated affords a reason against extending the practice 
of designating screws by their number of threads per inch, already some¬ 
times resorted to in the case of large screws, to the screws now' under 
discussion. It is found that screws, nominally alike, frequently diffei* in 
this respect by as much as five or even ten threads in the inch, nor need 
this occasion surprise when it is remembered that the screw-plates em¬ 
ployed must expand to varying extents in the hardening, that the hole is 
often not more than three or four threads deep, and that the pressure, 
applied by hand, mnst vary considerably. Such a nomenclature would 
thus involve the nse of inconveniently high numbers to express a minute 

i mi Mtif. (Fifth Series), vol xV. pp. 21T, 438. 


1884. 


u 
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degree of accuracy but seldom, attained, ^svliilc they convey but little real 
information, since mere examination -would not enable anyone to distin¬ 
guish between, say, a screw of 169 and 181 threads per inch. 

12. The series of diameters must next be considered. Before the 
formula D = 6 P-J was adopted, it was ascertained by the minute examina¬ 
tion of about 140 small screws that the series very closely corresponds 
with those recognised as good in the trade, and the screws made in the 
new plates, known as Filieres Sii>is$es, which the Committee have had 
an opportunity of examining, appear to them to be well proportioned in 
this respect. The series of diameters, like the pitches, are expressed 
by two signiOcant figures in each case, as the values for £) deduced from 
the formula ( 1 ) are necessarily indeterminate in most cases. These 
diameters are given in millimetres in Column Y., and their nearest 
equivalent in thousandths of an inch in Column 11. As the Committee 
considers that these screws are well-proportioned as regards pitch and 
diameter, and approves the formula ( 1 ) being taken as a basis, it is led 
to recommend this series of diameters being adopted in conjunction with 
the pitches already discussed. It has been suggested to the Committee 
that the introduction of such a system into general use in this country 
might be facilitated by punching against each hole in the screw-plate, 
side by side with the designating number, as given in Column I., the 
approximate diameter of the screw made in it, as expressed in thousandths 
of W inch (Column II.), as these numbers would convey a meaning to 
English workmen more definite than the numbers in Column I. or V. 
The Committee sees no serious objection to such a course 5 but it should 
be remembered that screws have hitherto always been recognised by'a 
number seldom higher thau twenty-five, and it may he questioned whether 
any substantial advantage is gained by substituting such high figures 
as are involved in the expression of the diameters. 

13. It will be seen that the series here recommended gives twenty-six 
screws for the range from I'-inch to the smallest in use. Comparing this 
number with those of two of the best systems commonly met with, 
—^namely, the Latard (Perrelet efc Martin) and Bourgeaux plates, we 
find that— 

Eor a range of 21 sissies of watch screws on the Latard plate, this 

gives ..,15 

Eor a range of 23 sizes of watch screws on the Bourgeaux plate, thin 

gives ..17 

Eor a range of 86 sizes of clock screws on the Latard plate, this 
gives ..as 

The entire series is thus less than that of wcll-estahlishod plates, and 

cannot, therefore, he considered greater than the requirements of practice 
demand; wMe the fact that the watchmakers (who probably require the 
most extensive assortment of screws) in Switzerland have accepted it 
confirms the Committee in its opinion that tbe series is not deficient in 
this respect. 

14 It remains to consider the form of thread. There are so many 
practical points to be taken into consideration in disenssing such a ques** 
tion that it becomes specially useless to rely much on theory for guidance, 
and the divergence observable among the forms adopted by diilerent 
manufacturers is thus very great. 
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The most important points to he borne in mind in its selection are:— 

(1) The threads mnst be easily cut with the class of screw-cutting 
tackle ordinarily mot with in workshops. 

(2) The strength of the threads on the male and female screws must 
be so correlated that the liability of either to strip is a minimum. 

(3) The resistance of the core to torsional stress when force is applied 
in rotating the screw must be a maximum. 

(4) The friction should be as small as possible, in order to reduce 
■wear. 

15. In regard to the first of the above conditions it is to be observed 
that very many of the screws considered by the Committee are usually 
made by means of a plate in which are round, tapped holes. Such a hole 
forms a thread by causing the metal to ‘ flow' from a space towards a 
thread, and its action is obviously of quite a different character from the 
cutting action of dies or of a chasing tool. In the case of plates with 
notched holes the cutting and squeezing actions are combined. 

16, As bearing on the second condition, it is evident that, as the 
strength of the threads depends so essentially on the materials of which 
the screw and nut are made, and these are very varied, no precise and 
invariable rule is attainable. If strength were the only point to be con¬ 
sidered, a purely triangular form without any rounding would be best, 
contact being assumed to take place over the entire surface. But in 
practice it is impossible to secure such perfect contact, and it becomes 
needful to round off the crests from all the threads; and this rounding 
is the more necessary as the screws are smaller and irregularities in the 
manufacture become relatively more marked. This modification is also 
necessary in view of condition ( 1 ) already considered. 

. 17. The third point—namely, the resistance of the core to torsional 
stress—is determined primarily by the depth of thread. If the sectional 
area of the ring exit away is less than that of the core, the probability ot 
the latter breaking across may be regarded as appx'oximately equal t 6 ‘ 
that of the threads stripping; but it is impossible to maintain a constant 
ratio, as such a condition w^ould require the thread to be so fi.ne in the 
case of small screws that there would be no sufficient hold in the nut. 
Thus in the very smallest screws (those, below” •030-inch in diameter) 

the ratio--^ is less than 1. and it gradually increases. 

sectional area of thi’ead 

till a proportion of between 2 and 3 is attained. 

18. Condition (4) is evidently best satisfied by a square thread. 
Such a form is, however, impracticable in the case of the small screws 
xinder consideration, but it is obviously approximated to according as the 
angle of a triangular thread is made less and the rounding greater. 

19. The angles that have been adopted in practice show, as might be 
expected, considerable variation. On the one hand an angle of 60* is 
rarely exceeded, the thread being thus derived from the equilateral 
triangle, and, on the other band, 45* may be taken as the lower limit. 

20. The depth of a thread is evidently a fanction both of its angle 
and of the amount of rounding at the top and bottom. It may con¬ 
veniently be expressed as a fraction of the pitch (taken as nnity). In the 
case of the small screws in general use the mean value of the depth thu^ 
expressed is found to be 0*563, the maximum being 0*771, and the minimum 
0*311, It is evident that any increase in the depth beyond what is 
essential will materially and neSedleasly ihm^ease the difficulty 6f a- 
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facfcure Yihen a screw-plate is used; at the same lime the depth must not 
he too much reduced on account of the gi'eater tendency of the thread 
to strip. It is further important that the additional torsion involved in 
cutting a deep thread, which materially increases the risk oi* tearing the 
metal across, should not be lost sight of. 

21. The Committee, after comparing together a large number of 
different forms of thread, some of which are in actual use, while others 
have only been suggested, were much tempted to recommend the Whit- 
worth thread for adoption by the British Association, because it is so 
well known in this country, and experience has proved indisputably that it 
is excellent when employed for engineers’ bolts, &c. But, as appeal's from 
sections 16 and 18, in the case of small screws the tendency should rather 
be to increase the rounding on account of the difficulties of manufacture, 
and the depth of the Whitworth thread is 0*64 of the pitch, which is 
considerably in excess of 0*563, the average adopted in practice. The 
Whitworth thread is, moreover, characterised by a greater angle tliau is 
usual in small screws. 

22. The advisability of modifying the form of thread of small screws 
as compared with those of greater diameter is fully recognised by the 
Swiss Committee, their thread for the former having an angle of 47i-°, 
while that for the latter is 53°, nearly the same as that of the Whitworth 
thread. In the case of small screws made in the Fitiere Snisfie the crest 
of each thread is rounded off with a radius equal to |rth the pitch, and the 
hollow with -^th the pitch. The actual depth is 0*60 the pitch, somewhat 
less than in the Whitworth thread. 

23. While approving the general form of thread, here described, this 
Committee could not but feel that the difference in the roundings (^jth at 
the top and ^th at the bottom) was unnecessary. Looking, moreover, to 
the fact that very many of the screws of the sizes now nnder consideration 
are for electrical and telegraphic instruments, and, therefore, may be of 
brass, and that, with threads of such dimensions, it is impossible lor the 
eye to ascertain whether a given screw satisfies the required conditions in 
regard to such small differences between the crest and hollow of the thread, 
the Committee feels that an equal rounding (jx^hs of the pitch) at the top 
and bottom would be preferable. This would maintain the angle of thread 
and the depth the same—namely, 47|° and ^-ths of the pitch respective!v. 

24. Having now discussed the tfiree main points that require to 
considered in any system of screws—namely, the pitches, diameters, and 
form of thx*ead, it seems desirable to enumerate briefly the recommoxida- 
tions at which the Committee has arrived. These are:— 

{1) That the series of diameters for screws from xouyth inch to 4th 
inch be that given in millimetres in Column Y., the nearest thousandths 
of an inch being given in Column 11.; these diameters being the series 
calculated by making P, in the formula D =r 6 Pf, have in succession 
the following values; — 

1 (or 0*9®) mm.; 0*9^ mm.; 0*9^ mm.; 0*93 mm.;.0'9*^ mm. 

Only two significant figures are taken to represent the diameters. 

^ (2) That the pitches of these screws be the above gi'adually decreas- 

ing senes, each pitch being x^ths of its predecessox', but that only two 
significant teures be used in their expression. The series thus obtained 
IS given in Column VI, 

(8) That in view of the desirability of securing a system of small 
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screws, international in its character, English manufacturers of screws, 
screw-plates, &c., adopt the exact pitches given in millimeti'es in Column 
VI., which, as explained in par. 9, can, if required, he originated on an 
English lathe. Further, in view of the fact that small screws and screw- 
plates, while nominally alike, will not unfrequently differ considerably as 
regards their number of threads per inch, the practice of designating such 
screws by their number of threads per inch should not be adopted. For 
reference, however, the approximate number of threads per inch, as 
calculated from the pilch given in Column VI., are given in Column IV. 

(4) That the designating numbers given in Column I., being the indices 
of the powers to which 0*9 is raised to obtain the pitch, be punched against 
each hole in tho screw-plate, and that, if thought desirable, its diameter in 
thousandths of an inch (Column II.) might be punched side by side with 
this number. 

25. In liis Syslematlqiie deff via Horlogeres, Prof. Thury has done for 
the small screws used by watch, clock, and scientific instrument makers 
what was done forty years ago by Sir J. Whitworth for the larger screws 
used by engineers; and, like the admirable system introduced by the 
latter, the scheme here advocated is based on the data obtained by measur¬ 
ing the several dimensions of many screws accepted by practical men 
as being well-proportioned. 

26. The Committee has had an opportunity of examining both screws 
and screw-plates (for the smaller screws) made on this system, which it is 
convinced will satisfy all the demands of practice. The Committee can, 
therefoi'e, confidently recommend its adoption by the British Association, 
subject to the slight modification discussed in par. 23 ; and it feels that an 
important incidental advantage would be the support it would at once 
receive on the Continent, and the consequent increased rapidity with 
which it might be expected to come into general use ; for it cannot be 
donbted that its recognition by so important a body as the British Asso¬ 
ciation would have considerable influence in establishing the system 
abroad. 

[The recommendation for the appointment of this Committee having 
failed to reach the Committee of Eecommendations at Southport in time 
to allow of its sanction by the General Committee, the Council at their 
meeting on November 6, 1883, requested the Committee to continue their 
labours, and undertook to recommend to the General Committee at 
Montreal that this Eeport be printed among tho Eeports.] 


JRejport of the Gommittee^ consisting of Sir Fredebick Bramwell 
{Secretary)^ Professor A. W, Williamson, Professor Sir William 
Thomson, St, John Vincent Day, Sir F. Abel, Captain Doug¬ 
las Galton, Mr. E. H. Carbutt, Mr. Macrory, Mr. H. Trueman 
Wood, Mr. W. H. Barlow, Mr. A. T. Atchison, Mr. E. E. Web¬ 
ster, Mr. A. Carpmael, Sir John Lubbock, Mr. Theodore Aston, 
and Mr. James Brunlees, appointed foT the purpose of watching 
and reporting to the Council on Patent Legislation. 

The Act for the reform of the Patent Laws, passed in 1884, having 
only come into operation in January of the present year, sufficient time 
has not yet elapsed for its working to be tested. The Committee, there- 
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fore, have no repoi’t to make at present, but they think it well to ask to 
be reappointed, in order that they may be in a position to watch the 
working of the Act, and, if necessary, to report upon it. The Committee 
would be glad if the grant of 6?. for expenses could be renewed. 


Report of the Committee^ consisting of Mr. J. Pahk Haiituson, 
General Pitt-Eivjers, Mr. F. Galtojs*, Professor Flowj^r, Pro¬ 
fessor Thane, Dr. Beddoe, Mr. Brabrook, Dr. Muirhead, Mr. F. W. 
Eodler, Professor Macalister, and Dr. Garson (Secretary)^ 
appointed for the purpose of defining the Facial Cllaracteristies 
of the Races and Principal Crosses in the British Isles, and ob-- 
tainingIllustrative Photographs^vith a view to their ‘pablicalkya. 

During the past year your Committee have found it necessary to cxteiid 
their researches into the domain of physical anthropology considerably 
farther than has been done by this Committee in previous years, being 
convinced that it is only by a knowledge of the physical characters 
of the earlier inhabitants of the United Kingdom that the intricate 
question they have in hand can be properly elucidated. Accordingly a 
sub-committee, consisting of Professors Macalister and Thane and Dr. 
Garson, was appointed to examine carefully all the osteological remains 
preserved in different museums and elsewhere of the eaidy inhabitants of 
the country. To assist in the investigation other members of the Com¬ 
mittee have undertaken to act as refex’ees in those portions of the work 
to which each has specially devoted himself; thus it has been arranged 
for the examination of any archaeological, geological, and historical 
questions which may arise. Much of the time of the sub-committeo 
has been occupied in determining what measurements of the skull and 
other parts of the skeleton will be of most use in carrying on the 
investigation, and in several instances it has been necessary to make 
experimental researches as to the value of some of the numerous measure¬ 
ments jproposed by different anthropologists, in order to ascertain the 
most suitable for the purpose in view. Such researches, though tedious 
alnd involving much labour, will, when completed, your Committee have 
reason to hope, form a decided advance in physical anthropology. 
Although considerable progress has been made in the work during tJio 
past year, it is not sufficiently advanced for publication, and the Com¬ 
mittee consider it advisable to postpone its discussion until more observa¬ 
tions shall have been made and more information obtained. They re¬ 
quest, however, if it be the pleasure of the Association, that they bo 
reappointed, and that the grant hitherto placed at their disposal, but not 
drawn ^ upon during the past year, be again renewed and increased to 
SOL, since they anticipate a considerable amount of clerical assistance 
will be required to help them in collating the observations already made 
and which will he made during the ensuing year. 

In view of the more extended basis of their researches the Committee 
consider a slight modification in their designation desirable, and recom¬ 
mend that in future the word ‘ Facial ^ be omitted. Such an alteration 
in name will better expess the object of the Committee, namely, that of 
defining the characteristics of the Races and principal Crosses in the 
British Isles^ and obtaining photographs illustrative of their features with 
a view to their publication. 
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Report of the Covbmittee, consisting of Professors Dewar mid 
A. W. Williamson, Dr. Marshall Watts, Captain Abney, Dr. 
iStoney, and Professors W. N. Hartley, McLeod, Carey Foster, 
A. K. Huntington, Emerson Eeynolds, Reinold, Liveing, Lord 
Eay'leigh, and W. Chandler Roberts (Secretary), appointed for 
the purpose of repoHing upon the present state of our Imoivledge 
of Spectrum Analysis. 

TAPERS connected WITH SPECTRUM ANALYSIS. 

Conti)niatto)b of Zistpuhlished m RejwH for 1881. 


J. K. Hilgard . 


8. P. Langley . 

<J. H. Wolff • 
S, r. Langley • 

A* Cornu * • 

C, Y. Zenger • 

J. liOTO. ',. • 

J, Brunn * » 

F, ^'uclis • 

€. Y; Zenger * 


INSTBUMENTAL. 

1879. 

* I Optical Densimeter for Ocean Water. 
(Oct. 1879.) 


1880. 

The Actinic Balance. (Dec. 23.) . 


1881. 

Univcrsalspectralapparat (‘ Corres- 
pondenzbl. dcs Vereins analyt. 
Cliemikcr,’ iii 50.) 

The Bolometer and Eadiant Energy. 
(Bead Jan. 12.) 


^ litudes x^ltotometrkincs « » 


. tJeber eiii neucs fcjpcctroskop mit 
gcrador Durchsicht. 

* Le si)ectiro.scope i\ vision direote, 

applique d rAstronomic x>bysique. 
(Bead Sept. 5.) 

. On an Overlapping Hiicctroscope. 
(Head Se|>t. 7.) 

* Protnberanssspcctroskop mit excon- 

triseber, bogenformiger Spaltvor- 
riclitung* 

* YorscHtige zur Construction einiger 

optiseber Yorriebtungen. I. Inter- 
ferenzspectrometor. 

. Le spectroscope 4 vision directe, ^ 
spath calcaire. (Bead Nov, 7.) 


* United States Coast Sur¬ 
vey,’ 1877, 108-113; 

‘ Zeitsebr. f. Instrumen- 
tenkunde,’ i. 206-207 
(Abs,); ‘ Boibliitter,’ v* 
658 (Abs.) 


‘Am. J.’ xxi. 187-198; 
‘ J. dc Phys.’ [2] i. 148- 
150 (Abs.) 


‘Zeitsebr. anal. Ohem.’ 
XX. 99-100. 


‘Proo. Am, Acad.’ xvi. 
342-358; ‘ Zeitsebrift 

f, Instrumentenkunde/ 
iv. 27-32 (Abs.) 

‘J.dePhys.’ x 189-198; 
'Bciblattor,’ viii. 501 
(Abs.) 

‘Zeitsebr. f. Instrumen- 
tenlcunde,’ i. 263-266. 

‘0. B,’ xciii. 429-432; 

‘ Bexbliitter,’ v. 793 

(Abs.) 

*Bep. Brit. Assoc,’ 1881, 
564; * Beibliitter,’ viii. 
706 (Abs.) 

‘Zeitsebr. f. Instriimen- 
tenkunde,’ i. 281-282; 
‘ Beiblatter,’ \1. 230 

(Abs.) 

‘Zeitsebr. f. Lisirumen- 
tenknnde,’ i, 326-329; 
‘ Beiblatter,’ vi. 228-229 
(Abs.) 

‘0. B.’ xoiii. 720-722; 
‘Beiblatter,’vi. 21 (Abs)* 
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F. Faclis 

W. ’Wernicke * 

E. Kcttelcr 

A. Eollett 

K:, W. Zengcr 

F. Miller . 

T, E. Eobinson 

H- Kmss. • 

W, L. Stevens, 
0. Y. Zengcr . 

H. Laspeyi’es , 

A. Eicco . • 

H. Ooltzscli , 


Instrumental, 1881,1882. 
Vorschlage znr Constraction einiger 
optischer Yorriclitnngen. II. Spec¬ 
trophotometer. III. Geraclsichtigcs 
Prisma. 


Ncues Fliissigkcitsprisnia fiir Spec* 
tralapparate. 


Der ‘Fixator,’ cin Ergaiizungsap- 
]iarat cles Spectrometers. 

Ueber cin Polarispectromikroskop, 
mit Bemcrkmigen fiber das Spec- 
trumocnlar. 


Das Dispersions-Parallclcpipccl nnil 
seine Anwendung in der Astro- 
physik. (Read Dec. 9.) 

1882. 

Eine ' Yerbessemng an Spcclralap- 
paraten. 


Absorption of Light by Prisms. 
(Jan. 5.) 


Zur qiiantitativen Spektralanalj^se. 

A Now Form of Reversible Spectro¬ 
scope. (Jan* 21.) 

Les observations spectroscopiqnes 
il la Inmi^re monochromatique. 
(Read Jan. 23.) 


Ueber Dampen fiir monoebroma- 
tisches Licht. 


* Greradsichtige Prismen * 


. Spectroskop mit constanter Ablen- 
knng. 


‘Zeitsclir. f. Instrumcn- 
toiikunde,’ i. ; 

‘Zcitsclir. anal. Ohcin.^ 
xxi. oi)B (Abs.); ‘Dei- 
blilttcr,’ Vi. 228-2211* 
(Abs ) 

‘Zeitsebr. L Instrumcn- 
tenkunde,’ i. 853-JJ.‘57; 
‘ Beibliittcr,’ vi. 94-.l)r> 
(Abs ); ‘ Zeitsebr. annU 
Cliem.’ xxi. fl5o-.55G 
(Abs.) 

‘Carl. Repert.’ xvii. (>45- 
651; ‘J. do Pbys,’ [2j 

i. 198-190 (Abs.) 

‘Zeitsebr. f. Instrnnicn- 
tenkunde,’ i. 366-872; 
‘ Beibliittcr,’ vi. 229-230 
(Abs,); ‘Zeitsebr. anal. 
Cliem.’ xxi. 654-55i> 
(Abs.) 

‘8itzungsb. d. kgl. bobni. 
Gcs.d.Wiss.»188X,416-** 
429; ‘Beibliittcr,’vi.286 
(Abs.) 

‘Zeitsebr. f. Instrnmen- 
tenknnde,’ ii, 29-30; 
‘ Beibliittcr,’ vi. 231 
(Abs.) ’ 

‘Observatory,’ 1882, 63- 
64; ‘ Beibliittcr,’ vi. 689 
(Abs.) 

*Eop. d. analyt. Clicm.’ 

ii. 17-22. 

‘ Am. J.’[3],xxui.226-229. 


‘0. E.’ xciv. 166-166; 
‘Chem. Nows/ xlv. 86- 
87 (Abs.)j ‘4, Chem. 
Soo.’ xlii. 677 (Abs.); 
‘Am. J.’ [3] xxiii. 322- 
323 (Abs,) * Boibliltler,’ 
vi.378-379(Abs.);‘Zaii- 
fichr. f. Instnimenten- 
kunde,’ ii. il4 (Abs.) 

‘ Zeitsebr. f. Instnimen- 
tenknndc/ ii, 96-99; 
‘ Beiblatter,’ vi. 480 
(Abs.) 

‘Zeitsebr. f. Instnimen- 
tenktinde/ h, 106 ; 
‘Zeitsebr. anal, Chem.* 
xxi. 666 (Abs.); ‘Bei¬ 
blatter,’ vi 794 (Abs.) 

‘ Carl. Repert.’ xviii 188- 
190; ‘Zeitsebr. f. anal, 
Chem.’ xxi. 666 (Abs.) 
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A. Kurz . 
3[. KruhS . 


A. F. Snndcll . 


Be CliardoiiTicfr 


A. A. Michelson 


0. F. Bmekett. 


II. A. Jlowland 


0. B. LivTiuf? and 
J. Dewar. 


A. (Joruu , 


J. Bodynski , 


iL Scliub 


J. F. I). Donnelly . 


Instrumental, 1882 . 

Hessnng dcs Brecliiingsexpononten 
wixlirend des Untorrichtes. 

Spectralspalfc inifc syminctritoclic]’ 
Bewegung dcr Sclinciden. 


Selbstlcnchtender Index im Spectre- 
scop. (April 15.) 


Snr la transformation actiniqiie des 
miroirs Foucault et leurs appli¬ 
cations en Photographic. (Head 
April 24.) 

Interference phenomena in a new 
form of liefractometor. 


Koto on the Littrow Form of Spec- 
stroscopo. (May 12.) 

Preliminary Notice of the Kesults 
accomplished in the Manufacture 
and Theory of Gratings for Optical 
Purposes. (May 25.) 


On an Arrangement of the Electric 
Arc for the Study of the Eadiation 
of Vapours, together with Pre¬ 
liminary Results. (Reed. June 8* 
Read Juno l.^.) 

Sur un spectroscope 4 grande dis¬ 
persion. (Read June 10.) 


XJeber eine einfache Methode zur 
approximativen Bestimmung der 
Brechungsexponenten fliissiger 
KOrper. 

Bin neuer Hiilfsapparat zur Spec- 
tralanalyse. 


A 3\Ioteorological Spectroscope. 
(Sept. 14.) 


‘Carl. Report.’ xviii. 190- 

102 . 

‘Carl. Report.’ xviii, 217- 
228 ; ‘ Zeitschr. anal. 
Chem.’ xxi. 182-191; 
‘ Beibliitter,’ vi. 286 
(Abs.); ‘J. Cbem. Soc.*’ 
xlii. 1229 (Abs.); ‘Zeit- 
sebr. t. InsLrunienten- 
kundej iii. 62-63 (Abs.) 

‘ Astron. Nachr.’ cii. 90: 
‘ Beibliitter,’vi. 876-877 
(Abs.); ‘ Zeitschr. f. In- 
strumentenkunde,’ ii. 
422 (Abs.; 

‘C. E.’ xciv. 1171-1173; 
‘ Beibliitter,’ vi. 483-484 
(Abs.) 


‘ Am. J.’[3] xxiii. 395-400; 
‘ Phil. Mag.’[5] xiii. 236- 
242 ; * Beibliitter,’ vii. 
534-535 (Abs.) 

‘Am. J.’ [3] xxiv. 60-61; 
‘ Beiblatter,’vi. 875-876 
(Abs.) ‘ 

‘Johns Hopkins Univ. Cir¬ 
cular,’ 1882, 248-249; 
‘Phil. Mag.’[5] xiii. 469- 
474; ‘ Nature,’xxvi. 211- 
213; ‘Am. J.’ [3] xxiv. 
C3(Abs.); ‘ Observatory,’ 
1882,224-928;‘Zeitschn 
f. Instrumentenkunde,’ 
ii. 304 (Abs.) 

‘Proc. Roy. Soc.’ xxxiv. 
119-122; ‘Nature,’xxvi. 
213-214 (Abs.); ‘Bei- 
bliitter,’ ,vi. , 934-036 
(Abs.) ‘J. Chem. Soc.’ 
xliv. 262-263 (Abs.) 

‘Stances Soc. fran^. de 
Phys.’ 1882, 165-170; 
‘ Beibliitter,’ vii. 286 
(Abs.); viii. 33 (Abs.) 

‘ Carl. Repert.’ xviii. 502- 
504; * Beiblatter,’ vi. 
932 (Abs.) 


‘ Pddger’s Archiv,’ xxviii. 
197-199; ‘Ber.’ xv, 2754 
(Abs.); ‘ BeibEtter^’ vi* 
674 (Abs.) 

‘Nature,’ xxvi 501; ‘Bei¬ 
blatter,’ vii. 26 (Abs.); 
‘J. de Phys.* [2] iii 44 
(Abs.) 
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INSTRITMENTAL, 1882, 188:1. 

0. Soret « , , Sur un rSfraotomi^trc destiny y. la. ‘C. R.’ xcv. HI 7-520; 

mesure des indices et de la dis- * Beildiitter,’ \ i. S70-S72 
persion des corps solides. (Read (Abs.); ‘Zeitsi'lir. f. 
Sept. 18.) Instmmcntonkntxk',’ ii. 

4M-.415 (Abs.) 

A. Jolmsou * . Newton, Wollaston, and Fraun- ‘Nature,’xxvi. 572; ‘ 

liofer’s lines. (Sci)t. 11>.) bliittcr,’vii. ()5-G(> (Abs.) 

O. Sorct , , * . I Sur un rSfractometre destine a la ‘ Arch, de Gen^v<‘’[1>] ix. 

I mesure des indices de refraction 5-32; ‘J. do Idiys.’[2] 

I etde la dispersion des corps solides. ii. 1:18-] 30. 
i (Dec. 1882.) 


1883. 

B. T. Glazebrook ^ ' On a Spoctrophotoinctcv. (Head | ‘ Proc.^ Phil, fcsoe. (jamb.* 

I Jan. 29.) iv. :i()4-308; ‘ Ueibirdf or,’ 

i viii. 211-212 (.\b.s.) 

N, von Konkoly , Das Eevei-sioms-Siiectroscoi) • . ‘ l^lath. ii. naturwissen* 

scluxftl. Borichte a us 
Ungarn,’ i. 128-133. 

** ‘ Uebor ein neues Spcctro.scop • . * j\latli. n. naiurwlsseu* 

.schaftl. Borichte iius 
Dngarn,’ i. 134-135. 

A. Cornu • « . Sur un spectroscope 4 grande dis- * J. dePhys.’[2] ii. 53-57; 

persion. ‘Zeitschr. f. Instnimen- 

tenkunde,’ iii, 171-172 
(Abs.) 

Cfarbe , * . Note sur un spectroscope A fentc * Soc. fran(*. de Bhys. 

inclin^e. (Read March 2.) 1883, 59-62; ‘J. do 

Phys.’ [2] ii. ;U8-32L 

L. Thollon « , Sur un nouveau collimateur. (Read * C. E.’ xevi. C42~()4:i; 

Marchs.) ‘Nature,’ x.xvii, 470 

(Abs.); ‘Beiblattcr,’vii. 
285 (Ab.s.); ‘ Zeh Hvhr, 
f. Instrumentonkunde,’ 
iii. 180-181 (Ab.s.) 

P. Garbe « « , Sur un spectroscope a fentc inclinde. ‘ C. II’ xevi. 830^837; 

(Read March 26.) * Ileiblutter,’ vii. 456 

(Ab.^^.); ‘ZeiiMchr. C. In- 
strurnontenkundr,’ hi, 
214-215 (Abs.) 

N. von Konkoly • Ein sefar einfacher und wirksamev ‘0. S. f. Optik und Moch/ 
Spektrakipparat. iv. 76-77 ; ‘ Beibhltter,* 

vii, 45G (Abs.); ‘Zeit- 
.sebr. f, instrumenton- 
kiiude,’ iii, 324-325 
(Abs.) 

C. V, Zengor . * Spectroscope 4 vision dircetc tres ‘C. R.’xevi. 1039-1041; 

puissant, (Read April 9.) ‘ Nature,’‘ xxvii. 596 

(Abs.); *(jhein, Nows,* 
xlvii. 213(Abs.); ‘Box- 
bliittor,’ vii, 450-457 
(Abs.); <Am. J.* [3] 
XXV. 460 (Aba); ‘ Zeit" 
sohr. anal OhomJ xxIL 
540-541 (Abs.) 
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INSTEUMENTAL, ISSo. 

L. TUolloii • , I Siir I’cmploi do la lunetto Lori-I^C. L/ xcvi. 1200-1202; 

zontale pour les observations de' ‘Nature,’ xxviii. 21 
spcctroscopie solairo, (Road April! (Abs.); ‘ Beiblkltor,’ vii. 
20.) I 4oG (Abs.); ‘Zeitschr. 

i f. Instrumentcnkuiide,’ 

I iii. 216 (Abs.) 

0. Ib'iuui. « . TJobor cin verbcssertcs J’risma a i‘Math, u. naturwisscn- 

vision dircctc. (April 23.) i schaftl. Bericbte aus 

Ungarii,’ i. 197--200. 

0. B. Liveing and On the use of a Collimating Eye- ‘Proc. Camb. Phil. Soc.’ 

J. Dewar. piece in Spectroscopy. (Read iv. 336-342; ‘ Beiblaiter/ 

April 30.) vii. 892-893 (Abs.) 

„ On Some Modifications of Soret’s ‘Proc. Camb. Phil. Soc.* 

Eluorescont Eyepiece. (Read April iv. 342-343. 

30.) 

O. I). Liveing. • On a Spectrometer and Universal ‘Proc. Camb. Phil. Soc.* 

Goniometer adapted to the ordi- iv. 343-344. 
nary wants of a Laboratory. 

(Read April 30.) 

Cruls • i . Sur I’cmploi d*un verre birefringent ‘C. R.’ xcvi. 1293-1294; 

dans certaines observations d’ana- ‘ Nature,’ xxviii. 48 
lyse spectrale. (Read April 30.) (Abs.); * BeibUitter,’vii. 

529 (Abs.); ‘Zeitschr. 
f. Instrumentenkundo,* 
iv. 135 (Abs.) 

E. V. Gothardt , Ein Spectroskop fur Kometen-und ‘ Central-Zeitung f. Op- 

Fixstcrn-Beobachtungcn, ’ tik. u. Mech.’ iv, 121; 

‘Beibliitter/ vii. 595 
(Abs.) « 

N. Y. Konkoly • Ein ncuer ReYersionsR])ektralap- ‘ Central-Zeitung f. Op- 
parat. tik u. Mech.’ iv. 122- 

124; ‘ MblatteiV vii, 
596 (Abs.) 

E. Y. Gothardt , EineinlachesStativfurGeisslcr'sclic ‘ Central-Zeitung f. Op- 

Spektralrohren. tik u. Mech.' iv. 146- 

147; ‘Zeitschr. t In- 
struinentenkunde,’ iii. 
320-321 (Abs.); ‘Bd- 
blfitter,’ viii, 216 (Abs.) 

1*1. A. Rowland « On Concave Graling.s for Optical * Am. J.’ [3] xxvi. 87-98; 

urposGs. ‘ Phil. Mag.’ [5] xvi.'197- 

210; * Beibiatter,’ vii, 
862-863 (Abs.); ‘Zeit- 
schr. 1 Instrumeiitcn- 
kunde,’ iv. 135 - 13G 
(Abs,); ‘J.dePhys.’[2] 
iii. 184-185 (Abs.) 

A. Crova • « Description d’un Spectrophoto- ‘Ann. Ohim. et Phys.* 

m&tre. ’ [5] xxix. 566-573. 

P, Desains « , Note stir les spectres solaires, Ap- ‘C. E.’ xcvii. 689-693 ; 

pareil r^fringent en sol gemme. 732; ‘ Beiblatter,’ vii. 
(Read Sept, 24.) 858-S59 (Abs.) 

PL Wild t • Ueber die Umwandlung meines ‘ Ann.Phys,u.Chein,N.FA 

Photometers in ein Spectrophoto- xx. 452-468; ‘Nature,’ 
meter, xxix. 253 (Abs,); ‘ 

Phys.’ m iii. 142-143 
(Abs.) 
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Instrumental, 1883, 1 884— Emission Spectra, 1880, 1881. 

K. Lommcl . . Spectroskop mit phosphoresciren- ‘ Ann.Phys.n. Chem. N.F.* 

dem Ocxilar; Beobaclitungen iiber xx. 847-8CO; ‘ Am. J.’ 
Phospliorescenz. (Oct, 1883.) [3] xxvii. 236 - 237 

(Abs.) 

E. von Gotliard . Dr. v. Konkoly's vSteriispcktralap- ‘ Central-ZcUiing L Op- 

parat in Verbindung mit einem tiku.Mech.’iv. 241-213. 
Kolorimeter. 

F. Mclde . . (Jeber einige physikalisclie Vcr- ‘ Zeitsclir. t Instrumen- 

sucliG and Hiitseinrichtnngcn. tenkunde,’ iii. 388-392 ; 

‘ Beiblilttcr,’ viii. 220 
(Abs.) 

1884. 

Vorsclilag zur Construction cincs ‘Zeitscbr. f. Instrumen- 
neiien Spectralapparates. tenkunde,’ iv. 1-8; ‘ Bei- 

bliitter,’ viii. 300-302 
(Abs.); ‘Zoitscbr. anal. 
Chem.' xxiii. 520 (Abs.) 

Illumination of Spectroscope Micro- ‘ Monthly Not. Astr, Soc.’ 
meters. xliv. 250. 

Das neue Spectrophotometer von ‘Zeitschr. f. Instrumen- 
Crova, verglichen mit dem von tenkunde,’ iv. 83-87; 
Gian, nebst einem Vorseblag zur ‘ Beiblatter,’ viii. 499- 
weiteren Verbesserung l^eidcr Ap- 500 (Abs.) 
parate. 

On the Use of Moist Electrodes . ^ Chem. News,’ xlix. 149; 

‘ Beibliittor,’ viii. 581 
(Abs.) 

NeuereApparate fur die Wollaston'- <Zeitschr. f. Instrumen- 
sche Methode zur Bestimmung von tenkunde,’ iv. 185-189. 

Lichtbrechungsverhaltnissen. 

Speklrophotometer . . . ‘ Dingier*s J.’ cclii, 462- 

465. 


EMISSION SPECTEA. 

1880. 

F. Lippich , , . Untersuebungen iiber die Spectra ‘Sitzungsb. Wien, Akad.’ 

gasformiger Korper. (Bead May Ixxxii. 11.15-33; ‘Ann. 
13.) Phys. ii. Cbciu.’ N.F. 

xii, 380-398. 

0. Lohse . . . TJeber die Gluherscheinungen an * Ami. Phys. u, Ohem.* 

Metallelectroden innerhalb einer N.F. xii. 109-114. 
Wasserstoffatmosphare von ver- 
schiedenem Drucke. (Aug. 1880.) 

1881. 

W. Crookes . . On the Viscosity of Gases at High * Phil Trans.’clxxii. 387- 

Exhaustions. (Eeod.Dec.26,1880. 434; ‘Proc. Boy.‘Soc.’ 

Bead Feb. 17,1881.) xxxi. 446-458 (Abs.); 

* Chem. Ni3ws,’ xliii. 85*- 
89 (Abs.); <Nature,* 

xxiii. 421-423, 443-446 
(Abs.); ‘Beiblatter,* v.. 
836-846 (Abs.) 

B. Hasselberg, . BeMge zur Spcctroskoxne der ‘Bull. Acad. Imp. S. 

Metalloxde. (Read April 28.) Petersb/xxvii. 405-417* 


F. Lippich . . 

I 

I 

I 

N. von Konkoly ^ . 
W. Zenker 

W. N. Hartley 
T. Licbich . 

H. Wild 
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H. Tlialun 

Vr. N. Hartley. 

O. W. Huntington . 

L. Thollon 

A. Wullner 

» • 

E. Goldstein . 

B. Hasselberg. 

G. D. Livoing and J. 
Dewar, 

W. H. Hartley 
Piasszi Smytli . 


Emission Spectra, 1881, 1882, 

Spektralundensokningar rorandc i 
Skandiiira, Ytterbium, Erbium ocli | 
Thulium. (Head June 8 ) | 


Note on certain Pbotograxdis of the 
Ultra-violet Spoctm of Elemen¬ 
tary Bodies. (Read June IG, 1881.) 


On llie Sped rum of Ar.-^onic. (Read 
June 28.) 


Ijongneiins d’oiide des bandes spec- 
t rales doniiecs x>ar les composes 
du carbonc. (Read Aug. 1.) 

Ueber die Spectra dc.s Wasserstoffs 
inid dcs Acotylcns, (Aug. 10.) 


Einige Bemerkungen zu don Y’’cr- 
suchen dcs Hrn. Wescndonck iiber 
Spectra der Kohlenstoffverbindiin- 
gon. (Aug. 10.) 

Ueber das Bandcnspectrnm der Liift. 
(Read Oct. Kb) 


Bemerkung zu Hrn. Wullner’s 
Aufsatz: * Ueber die Spectra des 
Wasserstoffs uud dcs Acetylens.^ 
(Nov. 1881.) 


1882. 


On the Spectrum of Water. No. TL 
(Uccd. Jan. 14, Read Jan. 20.) 


The Analysis of Rhabdophane, a 
New British Hineral. (Read Jan, 
19.) 

On the Constitution of the Lines 
forming the Low-Temperature 
Spectrum of Oxygen. (Read Jan. 

m.) 


‘ Ofversio t af Koiigl. 
Vetensk.Akad Forhand- 
lingar,’ xxxviii. No. fi, 
13-21; ‘J. de Phys.’ [2] 
ii. 35-40; * Ber.’ xvi. 77(> 
(Abs.); ‘Cliem. NewsJ 
xMi. 217 (Ab.«.); ‘J. 
Chem. Soc.’ xliv. 954 
(Abs.) 

‘J. Chem. Soc.’ xli. 81- 
90; * Chem. News,’ xliii. 
289 (Abs.); ‘ Bei blatter,’ 
V. C59~S60 (Abs.) ; vL 
789-720 (Abs.) 

^ Proc. Am. Acad, B oston 
[2] ix. 35—38 : ‘ Am. J.’ 
'3] xxii. 214-217; ‘ Bei- 
blattex',’ V. 868 (Abs.) 

‘C.R.’ xciii. 2G0; ‘Aim.’ 
Chim. et Phys.’ [5] 
XXV. 287-288, 

‘Ann. Phys. u. tihem,’ 
N.F. xiv. 355-362 ; ‘ J. 
Chem. Soc.’ xlii. 129- 
130 (Abs.) 

‘Ann. Phys. u. Chem.’ 
N.F. xiv. 363-366. 


‘ Sitzungsb. Wien. Akad.’ 
Ixxxiv. II, 693-701; 
‘Ann. Phys. u. Chem. 
N.F. XV. 280-288; ‘J. 
Chem. Soc.’ xlii. 677 
(Abs.) 

‘ Ann. Phys. u. Choni.’ 
N.F. XV. 45-49. 


*Proo. Roy. Soc.’ xxxiii. 
274-276; *J. Chem. 

Soo.’ xliv. 140 (Abs.); 
‘ Beibliitter,’ vi. 481 
(Abs.) 

* J. Chem. Soc.’ xli. 210- 
220; * Chem. News,’ xiv 
40 (Abs.) 

‘ Trans. Roy. Soc. Edinb. 
XXX. 419-425; ‘Phil. 

[5] 2chi. 330-337; 
* Nature,’ xxv.403(Abs.); 
‘ J. de Phys.’ [2] ii. 289 
. (Abs.) 
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itBPOiiT—1884. 


K.^ritisioN Spbctea, 1882. 


Gr. D. Liveinganrl J. i On the Sp(‘ctrum of Carbon. (Kecd. 
Dewar. j Keb. 2:>. licacl March 9.) 




B. llasholborg . 


On the Disapi^earance of some Spec¬ 
tral Lilies and the Variations of 
Metallic Spectra cine to Mixed 
Vapours, (lleccl. March 11. Head 
March 1<>.) 

TJntersnchniigcii fiber clas zweitc 
SpectiTiDi des "Wasserstoft's. (Head 
April i;>.) 


H. E. Hoscoo and A. The Spcctriiiii of Terbium. 
Schuster. 


r. T. Clhve 


, jXnte preliminairc sur lo diclyme 
: (Head June 5.) 


vr, X. Hartley 


On. the Tlevci*sal of the Metallic 
Lines as seen in Over-exposed 
Photographs of Spectra. (Becd. 
Mny 19, Bead June 15.) 


G. D. Liveingand J. 
De^Yal^ 


On .Jill Arrangement of the Electric 
Arc for the Study of the Badia- 
tion of Vapours, together with 
Preliminaiy Bcsults. (Uccd. June 
8. Bead June 15.) 


Oil the ITlira-violet Specira of the 
Elements. Part I. (Ueod. June 
8. Bead June 15.) 


Branner 


Part II. (Reed. June 8. Bead June 
15.) 

General Observations on the Spectra 
of Carbon and its Compounds. 
(Reed, June 12. Read June 15.) 

, Sur le didyme. (Read June 26.) 


‘Proc. Roy. Sot*.’ xxxiii. 
0; ‘ Cbcm. New^f 
xlv. ir)5~*15() (Abs.) ; 
Nature,’ xxv. oLl - 5-10 ; 
M. Cbem. Soc.’xHv. 1 
(Abs.); ‘ Beibliittei*,’ vi. 
G75 (Abs.) 

‘Proc. Ro 3 ^ Soc.’ xxxiii. 
428-434; ‘ J. Cheiu. SocA 
xliv. 2-3 (Ab.s.); ‘ lh;i- 
bliittor,’vi. 076 (Abs.) 


‘ IMmi. Acad. S. Polersb.' 
[7] XXX. No. 7, 1-24; 
‘Phil. Mag.’ [6] xvii. 
329-353 (Abs.); ‘ Bei- 
bliitter,’ vii. 691 -691 
(Abs.) 

* J, Chem. SoeP xli, 283- 
287; ‘Bcr.’ xv. 1280- 
1284 ; ‘ Beibliitter/ vi. 
790-792 (Abs.) 

‘C.R.’xciv. 1528-15.30; 

‘ Chem. Newsj’xlv. 273; 

* J. Chem. Soc.’ xliv. 18 
(Abs.); ‘Ber.’ xv. 1750 
(Abs.); ‘^Beibliittcr/ vii, 
771-772 (Abs.) 

* Proc. Boy. Soc.’ xxxiv. 
34-86; *J. Chem. Soc.’ 
xliv. 263 (Abs.); *Ani. 
J.’ [3] xxiv. 471-472 
(Abs.); ‘Beiblatlor,’vii. 
27 (Abs.) 

‘Proc. Boy. Soc.’ xxxIa, 
119-122; ‘ Natmv,’ 

xxvi. 213-214 (Abs.); 

‘ Beibliltter,’ vi. 934-936 
(Abs.); *J, Chem, Sg»C 
xliv, 262-263 (Ab.^.) 

‘Phil. Tran.s,’ clxxiv, 187- 
222; ‘Proc. Roy. Soc.’ 
xxxiv. 122-123 (Abs.); 
‘Beibliltter,’ vi. 93} 
(Abs.); vii. 819-856 
(Abs.); ‘ J. Chem. SucJ 
xliv. 262 (Abs.) 

‘Proc. Boy. Soc,’ xxxiv# 
123 (Abs.) 

‘Proc. Boy. Soc.’ xxxiv. 
123-130 ;‘J. Chem. Soc.’ 
xliv. 261-262 (Abs.) 

‘0. B; xoiv. 1718-1710; 
‘ Chem. News,’ xlvi. 16- 
17; ‘J. Chom. Soc.’ 
xliv. 18 (Aba,); ‘BerP 
XV. 2231 (Abs.) 
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Jamim nntl (L Ma- 
neuvricT. 

l\ T. Clevo • 

Sir J. Conroy • 

J. Spiller . 

i:), van Aloncklioven 

K. Woscndonck , 

A. Wullner 

B. van Honckhovcn 


X Hersolicl * • 

Sm.... * 

J. B. Capi*on * 

X Mnnvo , , 

0.1>. Liveing and J. 
Dewar. 


W, Hillort , y 


O. D. Liveing and J. 
Dewar. 


E.nissiox Spectba, 1SS2, 1883. 

Suv Ics a.pparonces de Taro electriqtie 
dans la vaponr cin sulphure do 
Carbone. (Read July 3.) 

Quelqnrs rciuarqncs snr Ic didyme. 
(Head July 3.) 


The Spectrum of the Light emitted 
by the Glow-worm. (July 29.) 

Spectrum of the Light of the Glow¬ 
worm. (Aug. 5.) 

De Telargissement des raics spec- 
trales cle Thydrogene. (Read Aug. 
21 .) 

Uiitersuchungcii liber die Spectra 
der Kohlcuverbindungeu. 


Einige Bemerkungen zu den Mitthei- 
lungon der Herren Hasselberg und 
Goldstein. (Sept. 4.) 

De rinfluence de la temperature sur 
les spectres des mStallo'ides. (Read 
Sept. 18.) 


Soda Flames in Goal Fires, 

Flame in Coal Fire. (Nov. 24.) 

Swan Lamp Spectrum and the 
Aurora. (Nov. 30.) 


Swan Lamp Spectrum and the 
Aurora. (Dec. 18.) 

On the Origin of the Hydrocarbon 
Flame Spectrum. (Rood. Dec. 14. 
Read Dec. 21.) 


1883. 

Bemerkungen zu dem Aufsatze von 
W. Siemens: Ueber das Leuchten 
der Flamme. (Feb. 5.) 

Note on the Reversal of Hydrogen 
Lines; and on the Outburst of 
Hydrogen Lines when Water is 
dropped into the Arc. (Reed. 
March 1, Read Inarch 8.) 


‘0. R.’ xcv. (L7; ‘Phil. 
Alag.’ f .1] xiv. 324-325. 


ML R.’xcv.:].3; ‘ J, Ohem. 
SoeJ xlii. IKM (Abs.); 

‘ DcibUittev,’ vi. 772 
(Abs.) 

‘Nature,’ xxvi. 319 ; ‘ Bei- 
bliitter,’ vi, 880 (Abs.) 

‘ Nature,’ xxvi. 343; ‘ Bei- 
bliitter,’ vi. 880 (Abs.) 

‘C. R.’ xcv, 3T8-381; 
‘ Chein. News,’ xlvi. 149 
(Abs.); ‘ J Clicin. Soc.^ 
xliv. 139 (Abs.) 

‘ Ann. Phys. u. Chem.^ 
N.F. xvii. 427-467; ‘J. 
Ob cm. Soc.’ xliv. 761 
(Abs.) 

‘Ann. Phys. n. Chera.^ 
N.F. xvii. 587-592. 


‘ C.R.’ xcv. 520-522; ‘ Phil. 
Mag.’ [5] xiv. 406-407 ? 
,* Chem. Nows,’xlvi. 171- 
172 (Abs.); sT. Chem. 
Soc.’ xliv. 140 (Abs.); 

‘ Beiblattor,’ vi, 877 
(Abs.). 

* Nature,’ xxvii. 78. 

< Nature,’xxvii. 303. 

* Nature,’ xxvii. 149; ‘ Bei- 
blatterj vii. 108-109 
(Abs.) 

‘ Natoe,’ xxvii. 173; * Bei- 
blatter,’ vii, 193 (Abs.) 

‘Proc. Roy. Soc.’ xxxiv. 
418-429; ‘Nature,’xxvii. 
257-259;‘Chem. News,’ 
xlvi. 293-297; ‘Bei- 
blatter,’ vii. 288-289 
(Abs.); ST. Chem. Boc,* 
xliv. 641-642 (Abs.) 


‘Ann. Phys. n.Chem.’N.i\ 
xix, 73-77; ‘ J. Chem. 
Soc.’ xliv, 697 (Abs.) 

‘Proc. Roy. Boo.’ xxxv. 
74-76; ‘Chem. News,’ 
xlvii. 122; ‘ Nature,’ 
xxviii, 21-22 (Abs.); 
‘ Beiblatter,’ vii, 371- 
372 (Abs.); ‘J. Chem. 
Soc.’ xliv. 837-838 
(Abs.) 
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EEPORT— 1884. 


G. D. Liveing , 
W.N. Hartley. 

W. H. Hartley and 
W. E. Adeney 

W.N. Hartley. 

B. Hasseiberg. 

W. Crookes 


W. H. Hartley. 

« * 


Emission Spectija, 188n. 

; Tlic Ultra-Yiolet Spectra of the 
I Elements. (March 9.) 

On Homologoii.s Siocctra. (Road 
March L*.} 


I ^leasurements of the Wave-lengths 
; of Lines of High Ref rang ibility 
I in the Spectra of Elementary Sab- 
; stance.s. (Rocrl. March 20. Read 
‘ AprillO.) 


I Oil the Spectrum of Beryllium, with 
i Observations relative to the Posi- 
! tion of that Metal among the 
Elements. (Road April 19.) 


Untorsuchungen fiber das zweite 
Spectrum desWasserstoffs. Zweite 
Abhandlung. (Read May 10.) 


On Radiant Matter Spectroscopy. 
The Detection and Wide Distribu¬ 
tion of Yttrium. (Bakerian Lec¬ 
ture. Reed. May 24. Read May 
31.) 


On Line Spectra of Boron and Silicon. 
(Rccd. May 28. Read June 21.) 


Researches on Spectrum Photo¬ 
graphy in relation to New 
Methods of Quantitative Chemical 
Analysis. Part I. (Reed. June 20, 
Read June 21.) 


* Proc. Roy. Inst.’ x. 2 b"- 
252; ‘ Bciblattcr,' vii, 
598-599 (Abs.) 

* J. Chenl, Soo.’xliii, 3{)0 - 

400; ‘Nature,’ xxvii. 
522 (Abs.); * Chem, 

News,’ xlvii. 138 (Abs.) ; 
‘Am, J.’ [3] xxvl 401- 
402 (Abs,); ‘Ber.’ xvi. 
2659-2660 (Abs.); ‘Boi- 
blatter,’ viii. 217-218 
(Abs.). 

‘Phil. Trans.’ clxxv. 63- 
137; ‘Proc. Roy. Soc.’ 
XXXV. 148-149 (Abs.); 
‘ Chem. News,’ xlvii. 
193-194 (.^bs.); ‘Bei- 
blatter,’ vii. 699-600 
(Abs.) 

‘ J. Chem. Soc.’ xliii. 316- 
319; ‘Ber.’ xvi. 1859^ 
1860 (Abs.); ‘Am. J.’ 
[3] xxvi. 316-317 
(Abs.); ‘ Boiblatter,’ vii. 
895 (Abs.) 

‘ M^m. Acad. Imp. S, 
P^tersb,* xxxi. No. 14, 
30 pp.; * Beiblatter,’ 
viii. 381-384 (Abs.); 

‘ Mem. Spottr. ital.’ xiii. 
97-105 (Abs.) 

‘ Phil, Trans.’clxxiv. 891- 
918; ‘Proc. Roy. Soc.’ 
XXXV. 262-271 (Abs.); 

• * Chem, New.s,’ xlvii. 
261-264 (Abs.); ‘ Ber,’ 
xvi. 1689 (Abs,); ‘J, 

I Franklih Inst,’ Ixxxvi. 
118-128; ‘BoibhUlor,’ 
vii, 599 (Abs.); M. 
Chem, Soc.’ xlvi, 241- 
242 (Abs.); ‘ Chem, 

News,’ xlix. 159-100, 
169-171,181-182, IH- 
196, 205-208; ‘Amt. 
Chim, et Phys,’ [6] iii. 
145-187. 

‘Proc. Roy. Soo.’ xxxv. 
301-304; ‘ Chem. News,’ 
xlviii. 1-2; ‘J. Chem. 
Soc.’ xM. 242 (Abs.); 
‘Beiblatter,’ viii. 120 
(Abs.) 

‘Phil. Trans,’ clxxv. 49- 
62. 
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H. Beequerel . 


C. Piazzi Smyth 


B. Thalcn 


P. T. Cleve 


W.N. Hartley. 


Emission Spectra, 188B, 1884. 

Spectres d emission infra-routes dos 
vapeurs m^talliques. (Road Julv 
9.) 


Cyanogen in Small Induction Sparks 
in Free Air. (July 25.) 

Om do lysande spektra lies Didym 
ocli Samarium. (Read Sept. 12.) 

(Sur les spectres brillants da didym 
et du samarium.) 


On Samarium and its Compounds. 


Om Samarium. (Read Sept. 12.) 


The Investigation by means of 
Photography of the Ultra-violet 
Spark Spectra emitted by Metallic 
Elements and their Combinations 
under varying Conditions. (Brit. 
Assoc.) 

1884. 


* C, R.’ xcvii. 71-71; 
‘ Chem. News,’ xlviii, 4(> 
(Abs.); * Nature,’ xxviii. 
287 (Abs.); *Beiblatter,’ 
vii. 701-702 (Abs.); 

‘ Am. J.’ [3] xxvi. 321 
(Abs.) ; ‘ Ber.’xvi. 2487 
(Abs.) ; * J. Chem. Soc. 
xlvi. 1 (Abs.) ; * Zeitschr. 
anal. Chem.’ xxiii. 49 
(Abs.) 

‘ Nature,’ xxviii. 340-341. 


‘ Ofversigt k. Veteiisk. 
Akad. Porhandl.* xl. 
No. 7, 3-16; ‘J. de 
Phys.’ [2] ii. 446-449; 
‘ Ber.* xvi. 2760 (Abs.); 
‘ BeibliLtter,’ vii, 893- 
895 (Abs.) 

‘ J. Chem. Soc.’ xliii. 362- 
370; * Chem. News,’ 

xlviii. 74-76; ‘ Ber.’ 

xvi. 2493 (Abs.) 

‘ Ofversigt. k. Vetensk. 
Akad. Porhandl.’ xl. 
No. 7,17-26 ; ‘ Beiblai- 
ter,’ viii. 264 (Abs.) 

* Chem. News,’xlviii. 195- 
196; ‘ Nature,’ xxix. 
89-90; ‘ J. Chem. b’oe.’ 
xlvi. 137-138 (Abs.); 
‘ Beiblatter,’ viii. 302 
(Abs.) 


E. Wiedemann 


K. Wesendonok 


C. Fievez 


W. N. Hartley. 


G, D. Liveiiig and J. 
Dewar. 


Note on an Observation by Pro¬ 
fessor Hartley. (Feb. 1884.) 


Ueber die Spectra des Fluorsili- 
ciunis und dcs Silioiumwasser- 
stoifs. 

Sur des ebangements de refrangibi- 
lit$ observes dans les spectres 
^lectriques de I’hydrog^ne et du 
magnC’sium. ( Read March 1.) 

Researches in Spectrum Photo¬ 
graphy in Relation 'to New 
Methods of Quantitative Chemical 
Analysis. PartII. (Reed. Feb. 28. 
Read March 13.) 

Spectroscopic Studies on Caseous 
Explosions. No. 1. (Kecd. March 
28. Read April 3.) 


‘Chem, Newsj’xlix. 117; 
‘ J. Chem. Soc.* xlv>. 
801 (Abs.); ‘ Beiblatter,’ 
viii. 581 (Abs.) 

‘Ann. Phys. u. Chem.’ 
N.F. xxi. 427-437 ; ‘ J. 
Chem. Soc.’ xlvi. 649 
(Abs.) 

‘Bull. Acad. Rov^ Belgi¬ 
que’ [3], vii 245-247; 
* Beiblatter,’ viii. 506 
(Abs.) 

‘Proc. Rov- Soc.’ xxxvi 
421-422(Abs.); ‘Chem. 
News,’xlix. 128 (Abs.); 
‘Beiblatter,’ viii. 705- 
706 (Abs.) 

‘Proc. Roy. Soc.* xxxvi 
471-478 i ‘Chem.News,’ 
xlix. 227-229; ‘ Nature/ 
xxix. 614-615; * Beiblat¬ 
ter,’viii 044-64:5 (Abs.) 

X 


J.884 
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REPORT.—1884. 


Emission Spectua, 1884.— Absokption Spectea, 1881, 1882. 


C. Blcvcz. 


De rinfluence de la temptoluro siir 
^ les caract^res dcs raies spoctralcs* 
(Head April 5.) 


G. B. Liveing and J. ! On the Spectral Lines of the Metals 


Dewar. 


developed by Exploding Gases. 


‘Bull. Ac. Belg; [3] vii, 
348-365; ‘ Beiblatter/ 
viii. 646-G48 (Abs.); 
‘Les Mondes^ [3] viii. 
481-483; ‘ Cheni. News/ 
1. 128 (Abs.) 

‘ Phil. Mag*.’ [i5] xviii. 1G I- 
173. 


A. Cornu. « 

E. Jessen « 

0. Pulfrich • 

M. de Chardonnet 

K. Hock • 
d., B. Caproii * 

K. Hock • « 

1-C. Hoissan , 

W.N. Hartley, 


Aitken, 


ABSORPTION SPECTRA. 

1881. 

Sur rabsorpiion atmosph6rique des 
radiations ultra-violettes. 

Photometrie des Absorptionsspcc- 
trums der Blutkorperclien. 

Photometrische Untersuchungen 
liber Absorption des Lichtes in 
isotropen und anisotropen Me- 
dicn. (July 1881.) 


Sur Tabsorption des rayons ultra- 
violets par queloues milieux. (Read 
Aug. 29.) 


Alkaloidreactionen im Spectralap- 
parato. 


A Plea for the Rain Band. (Nov. 
1881.) 

Sur queiques reactions spectrales 
d'alcaloides et de glycosides. (Read 
Nov. 21.) 


Snr le chromooyanurc dc potassium. 
(Bead Dec. 19.) 


1882. 

, ' Contributions to the Chemistry of 
1 Cerium Compounds. (Read Jan. 19.) 

j 

, Researches on the Relation of the 
Molecular Structure of Carbon 
Compounds to their Absorption 
I Spectra. Part VI. On the Con- 
j stitution of Pyridine, Picoline, 

I Quinoline, and Oyanurio Acid. 

, ' Colour of the Mediterranean and 
j other Waters. (Read Feb. 6.) 


‘ J. de Phys.’ X. 6-lC. 


‘Zoitschr. f. Biol.’ xvii. 
251-272 ; ‘ Ber.’ xv. 952 
(Abs.) 

‘Ann. Phys. u. Chem.’ 
N, F. xiv. 177-2J8; 
‘Am, J.’ [3] xxiii. 50 
(Abs.); ‘J. do l^hy.s.’ 
[2] i. 285-280 (Abs.) 

‘C. B.’ xciii. 400-408 ; 
‘ Chem. News/ xliv. 191 
(Abs.); ‘ Bcibliitter/ v* 
745 (Abs.); ‘Les Mondes/ 
Ivi. 59-01; ‘ Chem. News/ 
xliv. 300 (Abs.) 

‘Arcb- Pharm.’ xix. 358- 
359; ‘ Bcr/ xiv, 2844 
(Abs.) 

‘Observatory/ 1882* 42- 
47, 71-77; ‘ Beiblattor/ 
Vi. 485 (Abs.) 

‘0. IV xciii. 849-851; 
‘J. Chem. Soc.’xHi. 319 
(Abs.); ‘Boiblutter/ vi. 
232 (Abs.); ‘Ber.’ xiv. 
2844 (A))s.) 

‘C.B.’ xciii, 3079-1081 ; 
‘Chem. NciWs,’ xiv. 22 
(Abs.); ‘ Ber/ xv. 243 
(Abs.) 

‘J. Chem. Soc/ xli. 202- 
209; ‘ Chem, News/ xiv. 
40 (Abs.) 

‘ J. Chem. Soo/ xIL 45-49; 
‘ Beibliitter/ vx. 375-370 
(Abs.) 


‘ Proc. Roy, Boc. Edinb.* 
xl 472-483; ‘J. Cham. 
Soc.’ xlii 1017-X018 
I (Abs.); ‘Beibmto/Vi. 
i $79-380 (Abs.) 
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€. H. WolfE • 


E. Tjochcr • 

J. Chappuis ^ 

» • 

J. Aitkcn » 

. Chappuis • 

De Chardonuel 

AV. J. Russell and 
W. Lapraik. 

W. K. Hartley, 


» • 

O. Zimtncxmann 

S, P, Langley . 
O, Tumlirz 


Absorption Specit.a, 1SS2. 


. ^ Eiiiige neuen AbsorptionsspcklrejL i * Ilepert. anal, Cliem.’ ii. 
j ■ I 5r)-.o6: "Zeitschr. anal. 

Chom.’ xxii. 96-97 
(Abs.); ‘Chem. Hews, 
xlvii. 178 (Abs.) 

‘ Sitzungsb. AVien. Akad. 
lx.xsv.IL,441-490; ‘Ann. 
Phj’s. u. Chem.’ N.F. 
xvii. 477-518 (Abs.) 

‘ C. R.’ xciv. 858-860; 
«Chom. News,’ xlv, 16:> 
(Abs.); Chetn. Soc.’ 
xlii. 1017 (Abs.); ‘Bei- 
bliitter,’ vi. 482-483; 
(AUs.); ‘Am. J.’ [3] 

I i xxiv. 56-57 (Abs.) 

, I Sur Ic spectre d’absorption do ra(*idc; ‘ C. R.’ xciv. 946-948; ‘ J. 
! ])ernitrique. (Read April 3.) j Chem. Soc.’ xlii. 1017 

I ' (Abs.) ;* Beiblatter,’VI. 

i I 483 (Abs.) ;‘Am. J.’[3] 

I xxiv. 58-59 (Abs.) 


Ucbcr Ausstralilang und Absorption. 
(Read March 2.) 


Surlc spectre d’absorption derozone. 
(Read March 27.) 


Note on the Absorption of Soa Water. 
(Read May 1. Extract from a lo.tter 
to Professor Tait) 

fitade speotroscopiqiie sur Vozonc. 


‘ Proc. Roy. Soc. Edinb.’ 
xi. 63J; ‘ Bciblatter,’ vii. 
372 (Abs.) 

‘ Ann. de Tecole norm.* [2] 
xi. 137-186; ‘Bei- 
bliittcr,’ vii, 458 (Abs.) 


Sur la transparence aotinitpic dos 
verres d’optique. (Read May 29.) 


‘ C. R.’ xciv. 1468-1470. 


A Spectroscopic Study of Chlorophjdl., *J. Chem. Soc.’xli. 334-341; 
(Road June 1.) , ‘ Nature,’ xxvi. 636-639; 

1 ‘Ber.’ XV. 2746 (Abs.) 


Researches on Spectrum Photo¬ 
graphy in relation to New 
Methods of Quantitative C'heniical 
Analysis. Preliminary Note. 
(Reed. May 19. Read June 15.) 


‘Proc. Roy. Soc.’ xxxiv. 
81-84; ‘Ber.’xv. 2924- 
2925 (Abs.); ‘ J. Cham. 
Soc.’xliv.263-264(Abs,); 
‘ Beibliltter,’ vii. 109- 
110 (Abs.); ‘Zeitsohr, 
anal. Chem.’ xxii. 539- 
540 (Abs.) 


On the Reversal of the Metallic 1 a nes j ‘ Proc. Roy. Soc.’ xxxiv. 
as seen in Over-exposed Photo-f 84-86; ‘J. Chem. Soc.* 
graplis of Spectra. (Reed. :M«ay 19., xliv.263(Abs.); ‘Arn.J.* 
Bead June 16.) | [3] xxiv. 471-472 (Abs.) 

; ‘BeibIatter,’vii.27(Abs.) 

TJntersuchuiigen liber das Uran. !‘Ann. der Chem.’ eexiii- 

285-329; ‘ Chem, News,* 
i xlvi. 172 (Abs.); ‘ Zeit- 
schr. anal. Chem.’xxiih 
220-222 (Abs.) ’ 


The Mount Whitney Expedition.! ‘ Nature,’ xxvi. 314-317. 
(July 13.) , , ; 


Ueber eine Methodc zur XTiitorsu-i‘Wien. Anz.* 1882,165-166 
chung der Absorption dc.s Lichtes j (Abs.); ‘BeibUltter,’ vii, 
duroh gefarbte Losungon. (Read , 895-896 (Abs.); ‘ Chem. 
1 July 13 ) ‘ N4iws,’ xlix. 201 (Abs.) 

X2 
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EEPOEX —1884. 


G. D. Liveing and 
J. Dewar 

W.deW. Abney . 


S, P. Langley . 


C. Binz . 


M. Nencki and K 
Sjeber. 


G. D. Liveing and J. 
Dewar. 


W. de W. Abney 


T. L. Pbipson . 


J. L. Soret 


J. Chappuis , 
S. F. Langley . 


Absobption Spectra, 1882, 1883. 


On the Eeversal of the Spectral 
Lines of Metals. (Brit. Assoc.) 

Sunlight and Skylight at High Alti¬ 
tudes. (Brit. Assoc.) 


Sunlight and Skylight at High Alti¬ 
tudes. (Brit. Assoc.) 


XJeber das Verhalten von Blut nnd 
Ozon zu einander. (‘Med. C.-Bl.’ 
XX. 721-726. Oct. 14.) 

XJeber das Urorosein, einen neuen 
Harnfarbstoff. (Oct. 1882.) 


On the Circumstances producing the 
Beversal of Spectral Lines of Metals. 
(Read Oct. 30.) 

Work in the Infra-red of the Spectrum. 


On the Colouring Matter (Ruberine) 
and the Alkaloid (Agarythrine) 
contained in Agaricm Ruler. 

Recherchos sur Tabsoi^ption des 
rayons ultra-violets par diverses 
substances. (Cinqui&me m^moire.) 

Sur les spectres d’absorption de 
I’ozone et de I’acide pernitrique. 

The Selective Absorption of Solar 
Energy. (Dec. 30.) 


1883. 


‘Nature,’ xxvi. ‘J. 

I dePhys.^[2] 11.431-436. 

‘Nature,’ xxvi. 680 ; ‘ B(‘i- 
bliitter,’ vii. 28 (Abs.); 
‘J. dePhys.’[2]iii. 47-- 
48 (Abs.) 

‘ Nature,’ xxvi. 680-680 ; 
‘Am. J.’ [3] xxiv. .*503- 
398 J ‘Bcibliitter,’vii. 28 
I (Abs.);‘J.aePhys.’[2] 

I iii. 47-48 (Abs.) 

‘Chem. Centr.’ 1882, 810- 
811; *J. Chem. Soc.’.xliv. 
486-487 (Abs.) 

‘ J. pr. Chem.’ xxvi. 333- 
336 ; ‘ Chem. News.’ 

xlvii. 12 (Al)s.); ‘J. 
Chem. Soc.’ xhv. ' 101 
(Abs.); ‘Ber.’ xv. :}0S7 
(Abs.) 

‘Proc. Caiub. Phil. Soc.’ 
iv. 260-206; ‘ l>ei- 

blatter,’ vii. 630-632 
(Abs,) 

‘Nature,’ xxvii. 1.6-18; 
‘BeibliitterV vii. 606- 
697 (Abs.); ‘ J: de Phy.s.’ 
[2] iii. 48 (Abs.) 

‘ Chem. News,’ xlvi. 109- 
200; ‘J. Chem. Soc.’ 
xliv. 100 (Abs.); ‘ BerP 
xvi. 244 (Abs.) 

‘Arch, de C}eiuV(‘' [*3] x. 
429-404; ‘ BeibliltterP 

viii. 385-380 (Abs.) 

‘J.de Ph}^s.’ f2] i. 404 
604. 

‘Am. J,’ [3] x.w. lOJb. 
196; ‘.Viin. Phys. ii. 
Chem.’ N.K. xix. 220- 
244, 384-400;, ‘Phil. 
Mag.’ [6] XV. 163-183; 
‘Ann. Cliim. ot Phys.’ 
[6] xxix. 497-642; J. 
do PliysP 121 ii. 37U 
374(AKs.); Sj.Frnnklin 
Inst.’ Ixxxviii, 167-168 
(Abs,) I ‘ Zoitschr. t To* 
strumentenkunde,’ iv. 
27-32 (Abs.) 


W. de W. Abney and 
E. Resting. 


Note on the Absorption Spectrum of 
Iodine in Solution in Carbon Di¬ 
sulphide. (Reed. Jan. 18. Read 
Jan. 26.) 


‘Proc. Roy. Hoc.* xxxiv. 
480-482; ‘ Chem.News/ 
xlvii, 63 ; ‘ Beibtiitter,.* 
vii, 291 (Abs.); ‘J.de 
PhysP [2] iiL 146-146 
(Abs.) 



ON OUn KNOWLEDGE OF SPECTKUM ANALYSIS. 


309 


G. O. Livcing and 
J. Dewar. 


W. de \V. Abney and 
R. Festing. 


C. A. Mac^Iunn 


B. Brauner 


€. H. Koyl . 


\Y. N. Hartley. 
J. L. Soret 


J. G. Otto 




A. PoaM . 


Absorption Spectra, 1883. 


Notes on the Absorption of Ultra¬ 
violet Rays by Various Substances. 
(Rccd. March 1. Read March 8.) 


Note on the Reversal of Hydrogen 
Tiines; and on the Outburst of 
Hydrogen Lines when Water is 
dropped into the Arc. (Reed. 
March 1. Read March 8.) 


Note on the Order of Reversibility of 
the Lithium Lines. (Reed. March 1. 
Read March 8.) 


Atmospheric Absorption in the Infra- 
Red of the Solar Spectrum. (Rccd. 
March 6. Read March 15.) 


Observations on the Colouring- 
jMatters of the so-called Bile of 
Invertebrates, and on some unusual 
Urine Pigments, &c. (Reed. March 
8. Read April 5.) 

Contribution to the Chemistry of 
the Cerite Metals. (Read April 5.) 


On Professor Langley’s ‘Selective 
Absorption.’ (Univer. Scient. 
Assoc, Read May 2.) 


‘ Proc. Roy. Soc.* xxxv, 
7UT4; ‘Chem. News,’ 
xlvii. 121; ‘Nature,’ 
xxvii. 521-522 (Abs.); 

‘ Beiblatter,’ vii, 373- 
374 (Abs.); ‘Ber.’ xvi. 
1671 (Abs.); ‘J.Chem, 
Soc.’ xliv. 837-838 
(Abs.); ‘J. de Phj^s.’ 
[2] iii. 218-219 (Abs.) 

‘Proc. Roy. Soc.’ xxxv. 
74-76; ‘Chem. News,’ 
xlvii. 122; ‘ Nature,’ 

xxviii, 21-22 (Abs.) ; 
‘ Beiblatter,’ vii. 371-372 
(Abs.); ‘ J. Chem. Soc.’ 
xliv. 837-838 (Abs.) 

‘ Proc. Roy. Soc.’ xxxv. 76; 
‘Chem. News,’ xlvii. 
133; ‘Nature,’ xxvii. 
499 (Abs.); * Beibliltter,’ 
vii. 457 (Abs.); ‘J. 
Chem. Soc.’ xliv. 839 
(Abs.) 

‘Proc. Roy. Soc.’ xxxv. 
80-83 ; ‘ Nature,’ xxviii, 
45-46 ; ‘ J. Chem. Soc.’ 
xliv. 837 (Abs.) ; ‘ J. do 
Phys,’ [2] iii. 219 (Abs.) 

‘Proc. Roy. Soc.’ xxxv. 
370-403 ; ‘ J. Chem. 

Soc.’xlvi. 194-198 (Abs.) 


‘ J. Chem. Soc.’ xliii. 278- 
289 ; ‘ Chem. News,’ 

xlvii. 175 (Abs.) 

‘ Johns Hopkins TJniv. 
Cir.’ii. 146-146; ‘Phil. 
Mag.’ [5] xvi. 317-318; 

‘ Boibliitter,’ vii. 899 
(Abs.) 


On Real and Pseudo-Reversals of 
Metallic Lines. (May 18.) 

Recherches sur I’absorption dcs 
rayons ultra-violets par diverses 
substances. (Quatri^me m6- 
moire.) 

Beitrage zur Kenntniss der Blut- 
farbstoJffe. 


Studien uber das Methilmoglobin. 


Zur Lehre von den Fuulnissalka- 
lo'iden. (June 6.) 


‘Nature,’ xxviii. 123-124. 


‘ jVreh. de Geneve,’ [3] ix. 
513-554; ‘Beiblatter,’ 
vii. 000 (Abs.) 


* Pfiilger’s Arohiv f. Phy¬ 
siol.’ XKxi, 240-244 ? 
‘ Ber.’ xvi, 2688-2689 
(Abs.) 

* PMger’s Archiv f 

Physiol.’ xxxi. 245-267 
‘ Ber.’ xvi. 2689 (Abs.) 

‘Ber,’xvi. 1975-108$. 
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IIEPOIIT—1884. 


“W. de W. Abney and 
B. Besting. 


H. W. Vogel * 

O. Jacobsen and F. 
Wierss. 


ABSOErnojiT Spectea, iSSii* 

The Influence of Water in the i ‘ Proc. Boy. Soc.' xxw. 
At mosphere on the Solar Spectrum I o2S-o41 ‘ J. €h<;in. 

and Solar Temperature. (Eecd. I Soc.’ xlvi, 211 (Ab.s.)^ 
June 14 . Bead June 21.) I ‘ IJeiblatteiV \iii. oOI 

I (Abs.) 


UebcrdieAbsorp>tioudesSeewasserH : ‘ Peibliiitcr,’ vii, .')o2. 

Ueber einige Devivate dcr Ortboto- ‘Her.’ x\i. 1056-1U02 ; ‘0. 
Inylsaure. (Read July 23.) | Ohem. Soc.’ sliv. 1121 

(Abs.) 


Cr. Kriiss and 
Oeconomides. 


C. V. Zenger . 


S. 


Beziehungen zwischen dor %n- 
samiuensetzmig und der Absorp- 
tions.spektren organischer Verbin- 
dungon. (B.ecl Aug. 10.) 

Etudes astrophotographiques. (Read 
Aug. 27.) 


‘Bcr.’ xvi. 206]-.205(; ; 
M. Chem. Soc.’ xli\. 
10n-1042(Abs.); Mlei- 
blilttcr,’ vii. 807-$01) 
(Abs.) 

‘ C. K.’ xcvii. 552'*r>r)5 ; 

‘ Bciblilttcr/ vii. 8(50- 
802 (Abs.) 


Egoroff . . 

X L. Soret . 

K T. Cieve • 

P. P16SZ . . 

J. L. Soret . 

f9 • 

A. Tschirch , 

*9 • 

X li. Soret » 


Sur la production des groupes tcllu- 
riques fondamentaux A et B du 
spectre solaire par une couclie ab- 
sorbanted'oxygliie. (Read Aug. 27.) 

Sur Tabsorption des rayons ultra¬ 
violets par Icb milieux de Pooil ct 
par quelquc.s autres substances 
(Read Aug. 27.) 

On Samarium and its Compound.s. 


‘0. B.’ xenii, 555.-5.57; 
* BcibUitter/ vii. 850 
8(50 (Abs.); ‘Am. 3.’ [3J 
XXVi. 177 (Abs.) 

‘0. \i: xcvii. 572-575; 
‘ Bcibliit toiV vii. 8515” 
85S (Abs,) 

M. Cliciu. Soo/ xliii. 302- 
.'>70; ‘Ohem. bJews/ 
xlviii. 74-76; * Bcr,' 

xvi. 2103 (Abs.) 


Ueber cinigo Chromogene des Hams ‘ Zeitschr. physiol, (3i(niu’ 
undderenDerhmlc. (Rood.Sept.6.) viii. 85-04; ‘Bor.’ xvi. 

2033-2031 (Abs.) 


Sur Pabsorption des rayons ultra¬ 
violets par les substances albmui- 
ncidcs, (Read Sept. 10.) 


Rechcrchcs sur Pabsorption des 
rayons ultra-violets par diverses 
substances. (Cinquitoc mOmoire.) 

Die Reindarstellung des Chlorophyll- 
farbstolTes. (Read Nov. 12.) 

Untersuohungon libcr das Chloro¬ 
phyll und einige seiner Derivato. 
(Dec. 1883.) 

Sur le spectre d'absorption du sang 
dans la partie violette et ultra- 
violette. (Read Dec. 3.) 


^0. hV xcvii, (512-(id; 
‘ Chem, 'Nows/ xlviii. 
160 (Abs.); 
xxviii. 53(5 (Ab.s.); M. 
Olionn fc^oc.’ xlvi. 212- 
243(Abs.);<Bc‘ibimier; 
viii. 385-38(5 (Abs.) 

^Arcb. tUiO(*n5ve/ [31 x. 
120-401. 


*Bci0 xvi.273U273(5;M. 
Ohenu Hoc/ xlv, 57-62, 

‘Ann. Pliy.M, u. Ohem.’ 
N.B, xxi, 370-383. 


H\ U: xcvii. 1260-1270; 
‘Ohem. Nows/ xlix, 
(Abs.); *X do Phanu/ 
[5] k. 141-143; ‘J. 
Chem, Soo.* xlvi. 381 
(Abs.) ;VBer/ xvii. * Be- 
ferate/ 111-112 (Abe.); 
‘Bcibllltter/ viii. 385-, 
386 (Abs.) 



ON OUR ENOWLEDOE OP SPECTRUM ANALYSIS. 


Sll 


Absoeptiox Spectra, 1884.— Physical Relations, 1880, 1881. 

1884. 

XL. Sore! and E. Sur lo spectre d’absorption do Tea ii. |‘0. R.’ xcviii. 624-626; 
Sarasin. (Read IMarch 10.) ^ Cliom. News,’ xlix. 

182 (Abs.); ‘ J. Chem. 
Soc.’ xlvi. 701 (Abs,); 

* Beiblatter,’ viii. 608 
(Abs.); *Am. J.’ [3] 
xxvix. 486-486 (Abs.) 

J. L. Soret • . Sur la coulenr de I’eaii . . . ‘ Arch, de Geneve ’ [3] xi. 

276-296; ‘ Beiblatter,’ 

viii. 508 (Abs.) 

J. H. Stebbiiis . On the Spectra of the Azo-Colonrs. * J. Am. Chem. Soc.’ v5. 
(Read Aprill.) 117-120. 

A. Morghen . . Lo spettro di assorbimento del va- * xAtti R. Accad. Lincei. 

pore di jodio. (Read June 15.) Transunti’ [3] viii. 327- 

330; ‘ Beiblatter,’ viii. 
822-823 (Abs.) 

„ . . Lo spettro di assorbimento del va- * Mem. Spettr. ital.’ xiii, 

pore di jodio. (June 1884.) 127-131; ‘Beiblatter,’ 

822-823 (Abs.) 

PHYSICAL RELATIONS. 

1880. 

W. Dietrich « . Ueber das Verhiiltniss dor Intensi- * Ann. Phj’s. u. Chem.* 

tiiten der beiden Natriumlinien. N.P. xii. 519-626; ‘ J. 
(Dec. 1880.) de Phys.’ x. 506 (Abs.), 

1881. 

Hurioii . • . Application des franges de Talbot 4 * J. de Phys.’ x. 154-168. 

la determination des indices de 
refraction des liquides. 

A. Cornu , * „ Etudes photometriques . . . ‘J. do Phys.' x. 189-198; 

* Beiblatter,’ viii. 601 
' (Abs.) 

N. Chamantoff • Sur la iDliotogmphie de la partie ‘J. soc. phys.-chim.russe<* 
moins refrangible du specti*e. (In xiii. 320-328; * J. de 
Russian.) Phys.’ [2^ i. 677 (Abs.) 

B. C. Damien . « Indices de refraction de Teau en ‘J. de Phys.’x. 198-202. 

surfusion. 

W. E. Ayrton and Note on the Index of Refraction of *Proc. Phys. Soo.* iv. 346- 
J. Perry. Ebonite. (Read June 25.) 348; ‘ Phil. Mag.’ [5] 

xii. 196-199; * Bei¬ 

blatter,* V. 741 (Abs.); 
‘J. de Phys.’ x. 507 
(Abs.) 

M. V, Frey and J. v. Ueber die Mischung von ^Spectral- «AxcMv f. Physiol.’ 1881, 
Krics. farben. 306-353; ‘ Beiblatter,’ 

xi. 109-110 (Abs.); 

* Zeitschr. f. Instrumen- 
tenkunde,* ii. 110-111 
(Abs.); ‘J. de Phys.’ 
[2] i. 613-614 (Abs.) 

H. Dufet, # « Influence de la temptoture sur les ‘ Bull. Soc. Min. de 

indices prinoipaux du gypse. France,’ iv. 191-196; 
(Read July 7.) * Beiblatter,* vi. 287 

(Abs.) 
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REPORT —1884. 


C. rulfrich . 

B. C. Damien . * 

S. P. Langley . 

E. Leclier 

K. H. Schellbach 

L. Thollon 

J- H. Grladstone 

Lord Kayleigh 
A. Crova , 


A, Cornu. 

J. JIac6 dc Lepinay 
and W. Mcati. 

X W. Briihl , 


»» • 

B. Soliroder . 


Physical Helations, 1S8L 

Plio tomctrische Unters ucluingon 
liber Absorption des Lichtes in 
isotropen und anisotropon Medion. 
(July 1881.) 


Recberches sur le pouvoir refringcnb 
des liquidcs. 


Distribution de Penergic dans le 
spectre normal. (Read July 18.) 


Ueber die spectrale Vertbeilung der 
sfcrahlendeu Wiirme, (Read July 
21 .) 

Das Minimum der Ablenkung cines 
Licbtsbrabls im Prisma. 

Longueurs d’onde des bandcs speo- 
trales donn4ea par les compost's dn 
carbone. (Read Aug*. 1.) 

Observations on the Spcc.ilk* llcfrao- 
tiou and Dispersion of Light by 
Liquids. (Brit. Assoc.) 

Experiments on Colour. (Drit. 
Assoc. Sept. 2.) 

Comparaison photometrique ties 
sources lumxneuses do teintus diC- 
f6rontes. (Read Sept. 20.) 


Determination des longueurs d’oude 
des radiations tr6s - r^frangibles 
du magnesium, du cadmium, dii 
zinc et de I’aluminium. 

Recherches sur la comparaison pho- 
tom(3trique des divorscs parties 
d’lm meme spectre, 

Uebor den Zusammenhang zwischem 
den optisohenundden thennischen 
Eigenschaften tlussiger organi- 
sober Korper. (Read l^ov. 3.) 


Beriohtigung 


Dntersuohungen iiber die Abbungig- 
keit der Molecularrcfraction fliissi- 
ger Veibindungen von ihrer che- 
mischen ZInsammensetzung, (Hoad 
Nov. 5.) 


‘Ann. Phys. ii. Chern.’ 
N.F. xiv. 177-218; 
‘Am. J.’ [.*1] xxiiu 5(» 
(Abs.); M. dc Phys.’ 
[2] i. 285-280 (xVhs.) 

‘Ann. dc I’ccolo norm.’ 
[2] X. 23:5-304 ; ‘ P»ci- 
bliitter,’ V. 570-581 
(Abs.) : ‘ J. dc Phys.’ x. 
304-401,431-431 (Abs.) 

‘C. R.’ xcUi. 140^143; 
‘BeibliitteiV v. (>(>0~00l 
(Abs.) 

‘Wien. Am: 1881, lO:^- 
104. 


‘Ann. Pby^. n. 

K.F. xi\. 307. 

‘0. xciii. 200; ‘Ann. 
Chim. ct Plivs.’ [5] xkv. 
287-288. 

‘ Nature,’ x.kj \. 108 ( A l>.s.); 
‘15eiblatt(‘i; vi. 21 
(Abs.) 

‘Nature,’ xxv. (>4-00. 


‘C. li: xciii. 512-51.3; 
‘ Phil. Mag.’ [5] xil 445 * 
447; * Chom. News,’ 
xliv. 214 (Abs.) ; ‘ Iba- 
bliittcir,* V. 807*808 
(Abs.) 

‘ J. do Phys.’ X. 12.1 ..431. 


‘Ann. Obijn, nt Pliv.s.' [ 5 j 
xxiv. 280-3;57. 


LSitzunghl). Wicii. Akad.’ 
Ixxxiv. ir. Htr..8T5; 
‘ MonaLsh. f. Ohmn.’ ii* 
710-774; ‘Ann. der 
Ohenu’ ccxi. 121 478; 
‘ J. CJbom. xUi. 20,3 
(Abs.); ‘Beiblatior,’vL 
377-378 (Abs.) 

‘Ann. der Obom.’ wxl 
371 4572 ; ‘ BeibUUter,’ 
Vi. 377-378 (Abs.) 

‘Sitzungsb. Akad. 1^1 un- 
Chen,’ 1882 , 57-101 ; 

‘ Aun. Bhys. u. Clunn.’ 
N.P. XV. 630-075 ; M, 
Ohem. Boc.* xlii. 1153- 
im (Abs.) 
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Physical Relations, 1881, 1882. 

H. Soliroder , . Uiitersuchungen fiber die Abhiingig-1 ‘ Ber.’ xiv. 2ol3--2516; < J, 

keit der jMolekularrefraktion von j Cheni. Soc.’ xlii. 331- 
der chemischen Constitution der 352 (Abs.) 

Vcrbindnngen. (Nov. 7. Read 
Nov. 14.) 

J. W. i>ruhl . . Die Beziehung zwisclicu den pbysi- ‘ Ber.’ xiv. 2533-2533; 

kalischen Eigenscliaften organi- ‘ Am. J.’ [3] xxiii. 234- 
sober Korper und ihrer chemischen 235 (Abs.) 

Constitution. (Read Nov. 14.) 

r. P. Bcdsoii and TJeber die Bestimmung des speci- ‘ Ber.’ xiv. 2549-2556; * J. 
\V. C’. AVilliamM. fiscben Brcchungs-vcrmogen fester Chem. Soc.’ xlii. 351 

Korper in ibren Losungen. (Reed. (Abs.) ; * Beiblatter,’ vi. 

I Oct. 18. Read Nov. 14.) 91-93 (Abs.); ‘J. de 

Phys.’ [2] i. 377-378 
(Abs.) . 

E. Koiieler and C. Photometrische Untersuebungen. <Ann. Phys. ti. Chem.’ 

Pulfrich, (Nov. 1881.) N.F. xv. 337-378; 

‘ Am, J.’ [3] xxiii. 486- 
487 (Abs.) 

PiltcliikolT • , Mo.sure des indices de refraction des ‘ J. soc.pbys.-cbira. russe,’ 

liquides A Paide des lentilles xiii. 393-410; * Beiblat- 

form^es des m^mes liquides. (In ter,’ vii. 189-190 (Abs.); 

Russian.) ^ J. de Phys.’ [2] i. 678- 

579 (Abs.) 

A. W. Soward . . Notes on the Recombination of the ‘ Chem. News,’ xliv. 267- 

Spectral Colours by a Second Prism 268; ‘ Beiblatter,* vi. 

reversed. 90-91 (Abs.) 

PI. Bufet . . Variation des indices de refraction ‘ J. de Phys,’x. 513-619. 

du gypse aveo la temperature. 

A. Crova and La- Determination du pouvoir eclaii*ant ‘ C. R.’ xciii. 959-961; 

garde. des radiations simples. (Read ‘Phil. Mag.’ [5] xiii. 

Dec. 6.) 72-73; ‘Chem. News,’ 

xliv. 315 (Abs.); ‘Bei¬ 
blatter,’ vi. 96 (Abs.) 

J. W, •Briihl . . Ueber die Molekularrefraktion der ‘ Ber.’ xiv. 2736-2744; 

Citracon- und Mesaconsaureather. ‘ J. Chem. Soc.’ xlii. 

(Dec, 8. Read Dec. 12.) 829-830 (Abs.); ‘Bei¬ 

blatter,’ vi. 376 (Abs.) 

,♦ . . Ueber die Molekularrefraktion der ‘ Ber.’ xiv, 2797-2801; 

Methacryl- und der Orotonsaure, ‘ J. Chem. Soc.’ xlii. 827 

(Reed. Dec. 22.) (Abs.); ‘ Beibliltter,’ vi, 

477-478 (Abs.) 

F. P’lawitzky , . Das molekulare Brechungsvermogen ‘Ber.* xv. 15-16. 

der Terpene. (Dec. 18, 1881. 

Bead Jan. 9, 1882,) 1 


1882. 

J. B’rohlich . . Experimentaluntersuchungen fiber ‘ Ann. Phys. u. Chem.’ 

die Intensitat des gebengten N.F. xv. 576-613;‘J. 
LichtsjII. (Jan. 1.) de Phys.’ [2] i. 559- 

560 (Abs.) 

J,Thomsen , . Brechungsvermogen und Terbren- ‘Ber.’ xv. 66-69; ‘J. 
• nungswarme. (Jan. 1882.) Chem. Soc.* xlii. 567 

(Abs,); ‘Beibmtter,’vi, 
377-378 (Abs.) 
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13. Landolt . 

€. V. i^eiagcr , 


A. Crova. . 

fj. F. Langley . 

W. H. Hartley 

« 

J. Hopkinson . 
Wiedemann , 

E. -ilbert* • 

C. PiilMcli . 

A. Knrx • , 

A. Crova and 
garde. 

H. Sckroder * 

H, Landolt . 


BEPORT— 1884 . 

Physical Eelateoxs, 1S82. 

Ueber die Molecularrcfraction 
fliissiger orgaoischcr Verbindun- 
gen. (Eead Jan 19.) 


Les observations spectroscopiqucs il 
la lumi^re monochroinatique. 
(Read Jan. 23.) 


Projection da foyer du prisme 


La distribution de Ponergie dans Ic 
spectre normal. 


, Eesearclies on the Relation of the 
Molecular Structure of Carbon 
Compounds to their Absorption 
Sj^ectra. Part VI. On the Con¬ 
stitution of I’yridino, Ficolino, 
Quinoline, and Cyanuiio Acid, 

« On the Refractive Index and Specific 
Inductive Capacity of Transparent 
Insulating Media. (Read Fob. 25.) 

• Ueber einige von der Herron J. W. 

Briihl und V. Zenger aufgosicllte 
Bezichungen zwischen physikaU-i 
schen Constanten chemiseber Ver- j 
binduDgen. (Feb. 2'1. Reed. P’eb. | 
28.) i 

• Ueber die Aendorung dcs P’arben- 

tonos von Spoctralfgirbon unci 
Figmentcn bciabnehmender Licht- 
stiirke. 


• Entgegung aiif dio Ablmndlnng dcs 
Hrn. V. V, Lang: ‘Bestimmung 
cler Breohungsquotionten ciner 
concentrirten CyaninldaungP 
(March, 1882.) 

. Messung cles Brechungesponenten 
wahrend dea Unterrichtes. 


La- 


B^termination du pouvoir Cclairant 
des radiations simples. 

Fernero Untersuchungen fiber die 
Abhiingigkeit der Molokularre- 
fraction fliissiger Verbindungen 
von ihrcrchemisohcn Constitution. 
(April 22.) , 

Ueber die Molekularrefraktion 
flfissiger organisoher Verbindun- 
i gen. (Read April 24.) 


‘Sitzungsb. Bert. Akad,’ 
1882, (i4~91; *Ann. der 
Ohem.* ccxiii. 7o-3 12; 
‘BeibUlUcr,’vii.8l3».84K 
(Abs.) 

<C. R.’ xciv. 155-1.VI; 
< Chem. News,’ xlv. 8<>~ 
87 (Abs.); *J. Chciu. 
Soc.’ xlii. (*>77 (Abs.); 
‘ Am. J.’ [3] xxiii. 322- 
323 (Abs.); *Bciblat- 
ter,’ Vi. 378-379 (Abs.) ; 
* Zeitschr. f. Instrumon- 
tcnkunde,’ii. 114 (Ab.s.) 

‘J. dePhys.’[2] i. 81-83. 


‘Ann. Chim. ct Pliys.* 
[6] XXV. 211-219; ‘3. 
de Fbys.* f2] ii. 23:U 
234 (Abs.) " 

‘ J. Chem. Soc.’ .xli. 45-49 ; 
‘Boiblilttor; vi. 375-370 
(Abs.) 


*Proc. Fhys. hJoo.^v. 38-40. 


‘Ber.’xv. 407-470; * Bni- 
blattor,’ vi. 370-371 
(Abs,), 377-378 (Abs.) 


‘Ann. Fhys. a. (!heni.’ 
K.F. xvi. 129-100; M. 
('3iom. KoeV xlii, 1153 
(Aba.) 

* Ann. Pliys. ii. 

N.F. .xvL 335. 348. 


‘Carl. Report.’ xviii. 190- 
192, 

‘J. do Fhys.’ [2] I 102^ 
169. 

‘Bar.’ XV.. 994-908; ‘J, 
Chem, Boc/ xlii. 910- 
9X1 (Abs.) 


‘Ber,*xv, 1031-1040 ;* j. 
Ohem, Soc/ xlii, 909- 
910 (Abs.) 
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P. Bcsains 


Physical Uelatioxs, 1882. 

Ecclicrches sur ki distribution dc la 
chalour dans la region obscure des 
spectres fiolaircs, (Picad April 21.) 


l>o Cbardonnct 


S. Merz . 


. Sur la transformation actinique des 
miroirs Foucault et leurs applica¬ 
tions on photographie. (Eead 
April 24.) 

, Ueber Dispersions-Verhiiltnisse op- 
tischcr Glaser. 


A. A. i\licbclson 


* InterferencG Phenomena in a New 
Foi'ni of llofractonieter. 


K. Sell oil!ke 


Versneho fiber Farbcnmischung 


A, Huriou « , Sur les conditions d’achromatisme 

dans les phenom6nes d’interf erence. 
(Eead May 15.) 

Be Chardoimct . Sur Ja transparence actiniqne des 
vorres d'optiqxie. (Read May 29.) 


Mr, CJ. L. van Seliaik 


Recherches concomaait la dispersion 
61cctromagn6tique sur un spectre 
dc grande etendue. 


0. K. dc iClerckor 


Recherches sur la dispersion prisma- 
tique do la lumierc. (June 7.) 


Bos Cloiseaux, 


0. Wyroubofi* . 
II. llammorl * 


Sur i’indice de refraction' du 
chlorure d’argont naturcl. (Read 
June 8.) 

Stir la dispersion du chromate do 
soude j\ -IHgO. (Head June 8.) 

Ueber Eegenbogen, gebiidet durch 
Flussigkeiton von verschiedenen 
Brechungsoxponenton. (Read July 
G.) 


A. Hurion 


J. L, Sorct and E. 
Sarasin, 


Sur les conditions d’aohromatisme 
dartisles ph^nomenes d’interf^rence, 
(Read July 10.) 

Sur la polarisation rotatoire du 
quartz. 


Be Chardonnet 


Sur la transparence actinique de 
quelques mUieux et en particulier 
sur la transparence actinique des 
miroirs dc Foucault et leur appli¬ 
cation en photographie. 


‘ C. R.’ xciv. 1144-1147 ; 
‘ Beiblatter,' vi. 479- 
480 (Abs.); * Zeitschr. 
f. instrumentenkunde,* 
iii. 214 (Abs.) 

‘C. R.’xciv. 1171-1173; 
* Beiblatter,* vi. 483-484 
(Abs.) 


‘Zeitschr. f. Instrumen- 
tenkunde,’ ii. 176-180; 
‘ BciblatteiV vi. 673— 
C74 (Abs.) 

‘Am. J.* [3] xxiii. 395- 
400; ‘Phil. Mag.’ [5] 
xiii.236-242; ‘Beiblat¬ 
ter,’ vii. 534-535 (Abs.) 

‘Ann, Phj^s. u. Chem.” 
N.P\ xvi. 349-358. 

‘ C. R.’ xciv. 1345-1347. 


‘ C. B.’ xciv. 1468-1470 ; 
‘ Beibliitter,’vii. 459-466 
(Abs.) 

‘ Archives N^orlandaises,®’ 
xvii. 373-390; ‘Bei- 
bliltter/ vii. 919-920 
(Abs.) 

‘Bihang till k. Svenska 
Vet. Akad. Handl,’ vii. 
No. 1,1-65. 

‘ Bull. Soc. Min. de France,' 
V. 143; ‘ Beiblatter,’vii. 
25 (Abs.) 

‘ Bull. Soc. Min, dc France, 
V. 160-161. 

* Sitongsb, Wien, Akad.'’ 
Ixxxvi. II. 206-216; 
‘Wien. Ana.’ 1882, 140 
(Abs.); ‘Beiblatter,’vii. 
383-385 (Abs.) 

‘0. R; xcy. 75-77. 


‘ Arch, de Geneve ’ [3] viii. 
5-59, 97-132, 201-228; 
‘ J. dePhys.’[2]u. 381^ 
386 (Abs.) 

‘J, de Phys,’ [2] i. 305- 
312. 
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KEPORT— 1884 . 


H. Seluxulor . 

J. Boclynski 

A. Johnson , 
F. Besains 

Be Chardonnei- 

E. ISarasiii 

E. Wiedemann 

J. L. Sorct and 
Sarasiu. 

E, Saraaiii * 

€. Cliiisiiansen 

J. Moutier * 

T- W, Engelmann 

B. Nasini 


Physical Relations, 1882. 


Fern ere Untersuchungen ubei* die 
Abhiingigkeit dor Molccularrefrac- 
tion lifibbigcr Verbindnngen von 
ihrer chemischen Oonstitation. 
(Aug. 24.) 


‘ Ann. Phys* n, Chom/ 
N.F, xviii. 148-175; 
*J, Chem. 8 <k 5,’ xliv, 
688-639 (Abs.) 


Ueber eine einfacho Methodo zur 
approximativen Restimmung der 
Brechungsexponenten fliissiger 
Korper. 


‘ Carl. Repert,’ xviii. 602- 
504; * Boiblatter,’vi.932 
(Abs.) 


Newton, 'Wollaston, and Fraunhofer’s 
Lines, (bept. 19.) 

Sur la distribution do la chaleiir dans 
les regions obscures do spectres 
solaires. (Read Sept. 4.) 

^Jtude exporimcnlalc do la rdflexion 
des rayons actiiiiquos: influence* 
du poll speciilairc. (Read Sept. 4.) 


Indices do refraotion du spath 
d’Xslande. (Read Sept. 11. So- 
ci6t6 helv6tique.) 

Ueber die Molecularrefraction dor 
geschwefclten Kohlensauroather, 
nebst einigen Bomerkiingen iiber 
Moleoularrefractioncn im Allgo- 
meineii. 

Sur la polarisation rotaloire du 
quartz. (Read Oct, 9.) 


Indices do refraction ordinaire ot 
extraordinaire du spath d’Islando, 
pour Ics rayons do diversos 
longueurs d’ondo jusqu’il Pextreme 
ultraviolet. (Read Oct. 16.) 

Mothodcr til at maalo Brydnings- 
i'orholdet for farvede Vmdsker. 
[Ueber die Messiingdes Brechungs- 
verhiiltnisses gefiirbtcr Flussig- 
keiten.] 

Sur Ic melange dc.s couleurs. (Road 
Nov. 26.) 


Over de zanienstelling van zonlioht, 
gaslicht en bet van Edison’s lamp, 
vergelijkend onderzocht met be- 
hulp der baotcrienmethode, (Bead 
Nov. 26.) 

Ueber die Atorurefraktion des 
Sobwefels. (Read Nov. 27.) 


* Nature,’ xxvi. .">72; ^ Bei- 
blatter,’vii. G6-66 (Abs.) 


‘C. R.’ xcv. m-m; 

‘ J. Chem. Soc.’ xliv. 143 
(Abs.); * Bciblilttcr,’ vii. 
26-27 (Abs.) 


‘C. R.’ xcv. 419-161; 

‘ J. Chem. Soc.’xliv. 138- 
]39(Abs.); ‘ Bcibliliter,’ 
vii. 4C1-4G2 (.Vbs ) 


‘Arch, do (h'ii6\(‘’ [3] 
viii. 392-391; M. do 
Phys.’ [2] ii. 369-371. 


Ann. Phys. u. Chein.’N.P\ 
xvii.677-680;‘J.Chem. 
Soc.’ xliv. 762 (Abs.); 
* J. do Phys.’ [21 ii. 139- 
340 (Abs.) 


‘C. R,’xcv. 636-638; M. 
Chem. Soc.’xUv, 140-141 
(Ab.s.); ‘ Beibliltter,’ vi. 
942-943 (Abs.) 


‘C. R.’ xcv. 680-682; 
* BcibHittcr,’ vi, 944-91 
(Abs.) 


‘Ovorsigt kgl. Dnnskn 
Vidensk, S<tlsk. ForhJ 
1882, 217-250; <Aim. 
Phys. u. Oluira.’ N.F. 
xix. 267-267; ‘Nature,’ 
xxviii. 308 (Abs.) 

‘Bulk Soo. 3‘luloiu.’ [71 
vii. 10-21; *Cark lie- 
pert.’ xix. 672-674. 

‘Proc. verb. k. Akad. v. 
Wetensch. to Amster¬ 
dam,’ Nov. 26, 1882, 
No. 6,4“5; ‘ Beibliltter,’ 
vii. 380 (Abs.) 

‘Ber.’xv. 2878-2892; M. 
Chem. Soc.’xliv, 264-266 
(A,bs.); ‘ Beiblilttor,’ vii. 
281-284 (Abs.) 
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E. rringsLeim. 

De Oliardonnet 

A. Crova . , 

H. Lagarde 

J. Sfaco de Lfipinay 
and W, Nicati. 

H. Becquerol . 

E, Wiedemann 

C, Timiriazeff , 

De Oliardonnet 


M ♦ 


0. V. Zenger . 


Masoart « 


Physical Delations, 1882, 1883. 


Eine Wellenlangenmessung im ultra- 
rotlieii Sonnenspectriini. 


6tude experimentalc de la reflexion 
des rayons actiuiques: influence 
du iDoli sp^cluaire. 


‘ Ann.Phys.n. Chom/K.F. 
xviii. 32-15; ‘Am. J.’ 
[3] XXV. 230 (Alls.); 
‘ Phil. Mag.’ [5] xv. 235- 
245; ‘ J. de Pbys.’ [21 
ii. 424 (Abs.) 

‘ J. de Phys.’ [2] i. 540- 
552. 


Sur la photometric solairc. (Read *0. R.’ xcv. 1271-1273, 
Dec. 18.) xevi. 124 ; * Bcibiutter,’’ 

vii. 113 (Abs.) 


Mesure de Pintensit^ photometrique 
des raies spectralcs de I’hydrogene. 
(Read Dec. 2C.) 


1883. 


'C. R.’ xcv. 1350-1352; 
‘ J. Chem. Soc.’ xliv. 
537 (Abs.) ; ‘ Beibliitter,’ 
vii. 316-317 (Abs.); 
* Phil. Mag.’ [5] xv. 
226-228. 


Recherchessurla comparaison photo-1 
m4trique des sources diversement * 
color5es, et en particulier sur la 
comparaison des diverses parties 
d’un m<jme spectre. (Read Jan. 5.) 

Phosphorographie de la r%ion infra¬ 
rouge du spectre solaire. Longueur 
d’onde des principales raies. (Road 
Jan. 8.) 


TJeber die Dissociationswarmc des 
Wasserstoffmoleouls und das elec- 
trische Leuchten der Gase. 

La distribution de P5nergie dans le 
spectre solaire et la chlorophyll. 
(Read Feb. 0.) 


P4n6tration des radiation.s acti- 
niques dans Pceil de Phomme et des 
animauxvertSbres. (Read Fob. 12.) 


‘ Soc. Franc, de PhysJ 
1883, 13-23; M. de 
Phys.’ [2] ii. 61-76. 


‘C. R.’ xevL 121-124; 
‘ Chem. News,’ xlvii. 93 
(Abs.); ‘Am. J.’ [3] 
XXV. 230 (Abs.); ‘Bei- 
blatter,’ vii. 294-205 
(Abs.); ‘Phil.Mag.’[5] 
XV. 223-226. 

‘ Ann. Phys. u. Chem.‘N.F. 
xviii. 509-510. 


‘C. R.’ xovl 375-376; 
‘ Nature,’ xxvii. 380 
(Abs.); * Beibliitter,’ vii. 
289 (Abs.); ‘J. Chem. 
Soc.’ xliv. 697 (Abs.) 

‘C. R,’ xevi. 441-444 ; 
‘ Beiblatter,’ vH. 400-461 
(Abs.) 


Vision des radiations ultra-violcttes. 
(Read Feb. 19.) 


‘0. R.’ xevi. 509-511 : 
‘ Nature,’, xxvii. 428 
(Abs.); ‘ Chem. News,’ 
xlvii. 129 (Abs.); * Boi- 
bliitter,’ vii. 460-461 
(Abs.) 


Imitation des spectre.s de diffraction 
par la dispersion. (Read Feb. 19.) 


Remarques sur une Communication 
de M. de Chardonnet relative A la 
vision des radiations ultra-violettcs. 
(Read Feb. 26.) 


‘C. R.’ xevi. 521-522; 
‘ Beiblatter,’ vii, 285- 
286 (Abs.); ‘Zeitschr. 
f. Instrumentenbunde,’ 
hi. 108 (Abs.) ^ 

‘C. B.’ xovi, 571; ‘Bei¬ 
blatter,’ vii, 460-461 
(Abs.) 
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EEPOIiT — 1884 . 


Potsical Helations, J88n. 

V, r. Lang • . Dor infm-oilio Thcil dcs Sonueu- ‘Carl. Tvoport.’ xix. 107-- 

spectrums, 109; ‘ Heihliittor,’ vii. 

371-1175 (Abs.) 

J. Mac6 do LSpinay EecherchessnrhiconiparaLsonphoto- ‘ J. de Phys.’ [2] il. (U- 
aiid W. Nicati. m^triqne des sources dix''crsement 76 ; ‘ vii. 

color^es, et en particulier sur la 50f)-508 (Abs.); 
comparaison <les diverses parties sclir. f. Instrument eii- 

d’un memo spectre. kunde,’ iii. 290-291 

(Abs.) 

O. Quincke ^ t Uber die Aenderung des Volumens ‘ Ann. Phys,u.Chem.’N.IA 

und des Brechungsexponenten von xix. 401-435 ; ‘ 8i1 - 

Plussigkeiten durch h 3 ^drosta- zungsb. Berk Akad.' 

tischen Druck. (March 1883.) 1883, 409-412 (Abs.): 

‘Nature,’ xxviii. 308- 
309 (Abs.); ‘Ber.’ xvi. 
1668 (Abs.); ‘Phil, 
Mag.’ [5] xvii. 65-68 
(Abs.);‘J.do?hys.’[2] 
ii. 279-280 (Abs.) 

J. Kanonnikoff . Sur le pouvoir refringent des sub- ‘ J. soc. phys.-chim, russo,’ 
stances organiques dans les disso- xv. 112-113; ‘Bcr.’ xvi. 
lutions. (la Bussian.) 950 (Abs.); ‘ J. pr. Chern.* 

xxvii. 362-364. 

A. Konig, • . UeberdenneutralonPunktim Spek- ‘Verbandl. d. phys. Ge.s, 

tram der Parbenblinden. (Bead Berlin,’ 1883, 20-23. 
March 2.) 

M. ^¥einberg ^ , Messung dor ‘VVellenlangen des Carl. Keport.’xix. 148- 

Lichtes mitt els Interferenzstroifen 154; * Beiblilttcr,’ vii. 

im Beugungsspectrum. 299 (Abs.) 

J. Chax)puis and 0. Sur les indices de refraction des gaz ‘0. B.’ xcvL 699-701; 
Bmfere. d, des pressions c4ov5es. (Bead ‘Phil. Mag.’ [5] xv# 

March 12.) 299-300; ‘ Bofbmttor,* 

vii, 370-371 (Abs.) 

W. K. Hartley # . On Homologous Spectra. (Bead ‘ J. Chem. Soc,’ xliil. 390- 

March 15.) 400; ‘Nature,’ xxvii* 

522 (Abs,); ‘Cheni. 
News/ xlvii, 138 (Abs.); 
<Am. J.’[3] XXvi. 401- 
402 (Abs.) ; * Bor/ xvi. 
2659-2660(Abs,); *Beh 
blatter/ viii. 217.»2I8 
(Abs.) 

A. Abt * « , Beobaehtungen dunklerlnterferonz- ‘Math. u. naturwisson- 

streifon im Spectram des woissen schaftl • Bericlito aus 

Lichtes. (April 7.) Ungarn/ i. 362-354. 

J, YiollCt ♦ , Sur la radiation de Pargent, au ‘C. IV xovi. 1033-1035; 

moment do sa solidification, (Bead ‘Chom. News/ xlvii, 

April 9.) 213 (Abs.); ‘ Beibliltter/ 

vii. 457-458 (Abs.) 

F.Barbier ^ - Sur les ohlorhydrate.s liquides do ‘C. B.’ xevi. 1066-1069; 

t^r^benth^nc, (Bead Apnl 9.) ‘ J. Chem. Soc/ xliv. 

809 (Abs.) 

Lord Es^leigh,. . Distribution of JEnergy in the Spec- ‘ Nature/ xxvii, 659-560 1 

, / tram. ‘Beibliltter/ vii. 450 

(AbsO 
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W. N. Hartley and 
W. E. Adeiicy. 


Pringsheim . 


H. Becquerol . 


H. Dufet • p 


Bonders , 


H, Bnfct. * . 


W, Konig , 
Be Cbardonnet 


J. Kanomiikoff 


S. Reformatsky 

B. Kasini * » t 

Bernlieimer and 
Kasini. 


PhysicAL Relations* 1883. 

Aleasureincnts of the Wave-Lengths 
of Linos of High Kefrangibility in 
the Spectra of Elementary Sub¬ 
stances. (Uccd. March 20. Bead 
April 10.) 


Eine Wellenlangenmessung im nltra- 
rothen Sonnenspektriim. (Read 
April 20.) 


Etude des radiations infra-rouges au 
moyen des j)henom5nes de phos¬ 
phorescence, (Read April 23.) 


Sur la variation des indices do re¬ 
fraction de Peau et du quartz sous 
Pinfluence do la temperature. 
(Read April 23.) 


Over spectroscopische vergelijkin- 
gen, betrekking hebbende tot de 
samenstelling van verschillende 
lichtbronnen cn hoofdzakolijk tot 
den licht- en kleurenzin. (Read 
April 27.) 

Siir la variation des indices de 
r4fraction de Peau et du quartz 
sous Pinfluence de la temperature. 
(Read May 10.) 

tTebcr die optischen Eigenschaften 
dor Idatincyaniire. 

Sur la penetration des radiations 
actiniques dans Pocil de Phomrae 
et des animaux vert6br4s, et sur la 
vi.sion des radiations ultra-violettes. 

XJeber das Brechnngsvermogen or- 
ganischer Verbindungen in Lu- 
sungen. 


UntersiTchungen iiber einen aus 
Allyldipropylcarbinol erhaltenen 
Hohlenwasserstoff: CioHig. 

Sulla refraziono atomica dello zolfo. 


Sulle relazioni esistenti tra il potere 
rifrangente e la constituzione 
chimica delle combinazioni or- 
ganiche. (Read May 6.) 


‘Phil. Trans.’ clxxv. 63~ 
137; ‘ Proc. Roy. Soc.* 
XXXV. 148-149 (Abs.); 

' Chem. Hews,’ xlvii. 
193-194 (Ab.s.); ‘Bei- 
blatter,’ vii. 590-G0O 
(Abs.) 

‘ Verhandl. d. phys. Ges. 
Berlin,’ 1883, 3()-;58; 

* Hature,’ xxviii. 72 
(Abs.) 

‘C. R.’ xevi. 1215-1218 ; 
‘ Chem. Xews,‘ xl\ u. 
225 (Abs.); ‘J. Cliom. 
Soc.’ xiiv. 781-762 
(Abs.); ‘Bcibliittei*,* vii. 
G99-701 (Abs.); ‘Zeit- 
sebr. anai. Chem.’ xxiii. 
49 (Abs.) 

‘ 0. R.’ xcvl 1221-1224 ; 
‘tT. Chem. Soc.’ xliii. 
762-763 (Abs.): ‘Bei- 
blatter,’ vii. (i0(>-607 
(Abs.) 

‘ Proc. Yerb. Ak. Wetcu** 
sell. Amsterdam,’ 1882- 
83, No. 10, 4-C. 


* Bull. Soc.Min.de Franco,'’ 
vi. 76-80, 


‘ Ann. Phys. u. Chem.’N.F. 
xix. 491-512. 

‘ J. de Phys.’ [2] ii. 310- 
225 ; ‘ Beiblatter,’ vut 
460-461 (Abs.) 


‘ J. pr. Chem.’ N.l^'. xxvii. 
362-364 ; ^ Beiblattor,* 
vii. 593-594 (Abs.) ; ‘ J. 
Chem. Soc.’ xliv. 1041 
(Abs.) 

‘ J. pr. Chem.’ N.F. xxvii. 
389-407 ; * Beiblatter,’ 
vii. 689 (Abs.) (Error 
in Title.) 

‘ Gazz. cbim. ital.’ xiiL 
296-311; * J. Chem. Soc.’ 
xlvi. 149-151 (Abs.) 

'Atti'della R. Acc. dei 
Lincei, Transunti’ [3] 
vii. 227-230; ‘Gazz. 
cbim, ital.* xiii 317- 

I 320; ‘Beiblatter; vii. 

I 628-529 (Abs) 
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EBimi—1884. 


Physical Belatioks, 1S83. 

H. Bccqucrcl . . ' Maxima et minima d’extinciioti de 

la pliosphoresccnce aoxis Pinfincaioe 
< 1 es radiations iiifra-rongt‘s. ( Head 
June 25.) 


W. Jobst. 


C. Bolirbacli 


J. L. Soret 


Dio llrechungscoefiicicntcn ciniger 
Gemische von Anilin nud Alkoliol. 

Ucbcr eine neuc Fliissigkcit von 
holiemspeciiischen Gcwicht, hohern 
Drocbungsex])onenten und grosser 
Dispersion. (July 11.) 

»Siir la visibilite dcs rayons ultra¬ 
violets. (Read July 30.) 


C, Soret . 


E. Sarasin 

B. 0. Peirce, Jun. 


Suv la, refraction et la dispersion des 
aluns cristallises. (Soc. lielvutiquc. 
Read Aug. 7.) 

Indices do refraction du spath lluor. 
(Soc. lielvetique. Read Aug, 7.) 

On the Sensitiveness of the Eye to 
Slight Differences of Colour. (Aug. 
1883.) 


A. Albitsky 


H. Becquerel . 


J. Kanonnikoff 


Sur le pouvoir r6fr5ngont do Phydro- 
carbure CijjHso. (In Russian. Road 
Aug. 20--Scpt. 1.) 

Memoire sur I’etude des radiations 
infra-rouges an nioyeii do pb6no- 
menes de phosidiorescence. 

Sur la relation du pouvoir r^frin- 
gent et la composition de.s corn- 
posies organiques. (In Iius.sian, 
Read Sept. 15-27.) 


P. Desains 


S. P, Langley . 


Note sur les spoctres solaires. Ap- 
pareils x6fnngents on sel gennue. 
(Read Sept. 24.) 

Experimental Determination of 
Wave Lengths in the Invisible 
Prismatic Spectrum. (Oct. 1883.) 


Mac6 de L^pinay and 
Nicati. 

W. von Bezold 


Recherches sur la comparaisonphoto- 
m^trique des diverses parties d’un 
m^me spectre. 

Ein einfacber Versuch zur Versinn- 
lichung des Zusammenhanges 
sswischen der Temperatur cines 
glffhenden Drahtes und der 55a- 
sammensetzung des von ihm aus* 
gehenden Lichtes. (Oct, 1880.) 


»0. K.’ xcvl 1853-1856; 
‘Ohem. News/ xlviii. 22 
(Abs.) ; ‘ BeibliUIor/vii. 
702»‘7O,3 (Abs.); * 55(‘it- 
schr. anal. ('Iumu.'’ xxiii. 
40 (Abs.) 

‘Ann. rhys. u.Cheni.\Nf,h\ 
XX. 17- 62. 

‘ Ann. Phy.s.u. (’lunn/ N.F. 
XX. 169-174 ; ‘Am. J.’ 
[3] xxvi. 406 (Abs.); 
‘ J. Ohem, See.' xlvi. 145 
(Abs.) 

‘C. TJ xcAii. 314-316; 
* Beibliltter,’ vii. 856- 
858 (Ab.s.) 

‘Arcli. do (Jenev(‘' pJj x, 
300-:J02 ; ‘ Beiblatter/ 
viil 374-375 (Abs.) 

‘Arch, de G<‘m>vo' f3J x, 
303-304. 

‘Am, ,1’ f3] xxvi. 200- 
302; ‘ Zeitschr. f. Instru- 
mentenkundo/ iv. 67-68 
(Abs.); ‘ Bciblattor,*viii. 
120 (Abs.) 

‘J. soc. phys -chim. rus.so,* 
XV. 524-526, 


‘Ann.’ Chim. et Phys/ [5] 
XXX. 5-68; ‘ BeibUUteri* 
viii. 647-640 (Abs.) 

‘J, soc. phys.-chirn. russe/ 
XV, 434-479; ‘ Ber.’ xvL 
3047-3051 CAb.s.); ‘ Bull 
Koc. Chim.* xli. 318-310 
(Abs.); ‘ Btublatter/viil 
375-377 (Abs.) 

‘O.R/xcvii.6H9 693,732; 
‘Boiblilit or/vi 1858-850 
(Abs.) 

‘Am. J,’ [:{■] xxvii. 160- 
188; ‘Phil Mag/ f5J 
xvii. 194-214; ‘Ann. 
Chim. et J1;ys/ [6] il 
145-176; ‘ZePHchr. 1 
Instimmentonknnde/ iv. 
320-322 (Abs.) 

‘ Ann, Cliim. et J'hys.’ [5] 
XXX. 145-214. 


Ann. Phyan.Ohem/N.B\ 
xxi, 175-178. 
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F. van Assche 

E. Sarusiii 

W. clc W. Abney 

J. Kanouniknil’ 

A. and 

Oietrioi. 

E. Nasim 

Flavitsky , 

Btas . 

a Ficvez 

A. Schrauf 

J, E, Keeler , 

B, Nasiui 


Physical Eelations, 1883, 1884. 


Sur un moyen d’isoler les radiations 
oalorifiques des radiations lumi- 
neiiscs et chimiques, (Head Oct. 
15.) 


‘C. Pu.’ xcvii. 838-840; 
* Beiblatter,’ vii. 895 
(Abs.); ‘Am. J.’ [3] 
xxvi. 476-477; ‘ J.Cbem. 
Soc.’ xlvi. 241 (Abs.) 


Indices do refraction du spatli-fiuor 
j^onr los rayons de differentes lon- 
g'ucurs d’onde, jusqu’A FextrSme 
ultra-violet. (Read Oct. 15.) 

Longueurs d’ondc des raies A et 
(Read Nov. 2C.) 


'C. E.’ xcvii. 860-862; 
‘ Beiblatter,’ vii. 891- 
892 (Abs.) 

‘C. r!’ xcvii. 1206-1207.^ 


! The Wave Lengths of A, and of 
I Prominent Lines in the Infra-Red 
} of the Solar Spectrum. (Reed, 
j Nov. 20. Read Dec. C.) 

1884. 


‘Proc. Roy. Soc.’ xxxvi. 
137-138; ‘Nature/xxix. 
190; ‘ Chem, News," 

xlviii. 283; ‘Beiblatter,' 
vhi. 219 (Abs.) 


Surlcs relations entre la composition 
et Ic pouvoir refringent des com¬ 
poses chimiques (second mC^moire.) 
(Read Jan. 5-17.) (In Russian.) 


5, Uebordie EmpHndlicbkeit des nor- 
inalen Augos fur Wellenlangenun- 
terschiededas Lichtes. (Feb. 1884.) 

. Sulla questione doi doppi legami tra 
carbonic e carbonio dal punto di 
vista della chimica ottica. (Read 
March 2.) 

. Note concernant le memoire de M. 
J. Kanonnikoff sur le pouvoir r5- 
f ringont des substances organiques. 
(In Russian.) 

. ! Rapport sur un travail do M. Fi5vez 
concornant I’influonoe de la tem¬ 
perature sur les caraci5res des raies 
spectrales. (Read April 6.) 

. I De rinfluence de la temperature sur 
I les caract^res des raies spectrales. 
(Bead April 6.) 


. XJober das Dispersionsaquivalent 
von Diamant. (April 1884.) 

. On the Absorption of Radiant Heat 
j by Carbon Dioxide. (April 1884.) 

. ! Sulla questione dei doppi legami tra 
I carbonio e carbonio dal punto di 
' vista della chimica ottica. (May 
i 1884.) 


‘ J. soc, phys.-chim. russe, 
xvi. 119-131; ‘Ber.’xvii. 
Referate,167--169(Abs.); 
‘ Nature,'xxx. 84 (Abs.); 
‘ Beiblatter,’ vhi. 493- 
496 (Abs.); ‘Bull. Soc. 
Chim.’ xli. 649 (Abs.); 
* J. Chem. Soc.’ xlviii. 
1-2 (Abs.) 

‘ Ann. Phys. u. Chem.* 
N.F. xxii. 579-689. 


* Atti R. Accad.deiLincei,’ 
viii. 169-173; «Beiblat¬ 
ter,’vhi. 577-678 (Abs.) 


‘ J. soc. phys.-chim. russe, 
xvi. 260-267, 


‘Bull. Acad, Boy. Belg.’ 
[3] vii 290-294. 


‘BuU. Acad. Belg.’ [3] 
vii. 348-356; < Beiblat¬ 
ter,’Viii. 646-646(Abs.); 
‘ Les Mondes ’ [3] vih, 
481-483; ‘Chem. News,’ 
1.128 (Abs.) 

‘ Ann."Phys'!u. Chem.’ N.F 
xxii. 424-429; ‘J. Chem. 
Soc.’ xlvih. 14 (Abs.) 

‘Am/J.’ [5] xxviii. 190- 
198; ‘Nature,’ xxxi. 46 
(Abs.) 

‘GazzI chim. ital.’ xiv. 
150-166; ‘Ber.’ xvh. 
Eof erate, 659-661 (Abs.) 


1884. 


T 
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KEPOET— 1884, 


Physical Relations, 1884.— Flitoeescence, 1881-1883. 


J. H. (xladstone 


H. Dufet . , 

J. Kanonnikoff . 
S, P, Langley , * 

“W, de W. Abney and 
R. Festing. 


R. L. Nichols , 


Refraction-equivalents of Organic 
Compounds. (Read May 15.) 


Yariation des indices de refraction 
du quarts; sous I’influcnoe de la 

I temperature. (Read May 19.) 

RSponSe ^ la note de M. Flavitsky. 
(In Russian.) 

Experimentelle Bestimmung der 
Wellenlangen im unsichtbarcn 
prismatischen Spectrum. 

The Relation between Electric 
Energy and Radiation in the Spec¬ 
trum of Incandescence Lamps. 
(Reed. June 6. Read Juno 19.) 

On the Duration of Colour Impres¬ 
sions upon the Retina. (June 1884.) 


‘ J. Chem. Soc.* xlv. 2il^ 
259; * Clioiii. Newsj’xlix, 
233 (Abs.); ‘Nature,* 
XXX. 119 (Abs.) ; ‘Ber.’ 
xvii. Rcrcrato,55C(Abs.) 

‘C.RAxcviii. 1265-d288 ; 
‘ Beibliitter,' viii. 592 
(Abs.) 

* J.soc. x>hys.-chiui.russc,* 
xvi. 448-450. 

‘ Ann.Phys. u. Chcm.’N.F. 
xxii. 598-012, 


‘Proc. Roy. Soc.’ xxxvii. 
157-173. 


‘Am. J.’ [3] xxviii. 243- 
252. 


O. Lubarscli « 


W. de W. Abney 


G.G. Stokes . 


E. Hagenbach. 


H, Becquerel * 


E, Lommel « 


H. Becquerel . 


FLUORESCENCE. 

1881. 

, Bemerkungen zu den Arbeiten des 
Herrn Lamanskyiiber Fluorescenz. 
(Sept. 1881.) 

1882. 

. On the Yiolet Phosphorescence in 
Calcium Sulphide. (Read Jan. 28.) 


• On the Causes of a Light Border 
frequently noticed in Photographs 
just outside the Outline of a Dark 
jBody seen against the Sky j with 
some Introductory Remarks on 
Phosphorescence. (Reed. May 20. 
Read May 25.) 

« Fluorescenz nach Stokes* Gesetz, 
(Oct. 1882.> 

1883. 

. R4sultats de ses recherches sur les 
effets de phosphorescence. (Read 
Jan. 19.) 

p Die Fluorescenz des loddampfes. 
(March 1883.) 


. Maxima et minima d’extinction de 
la phosphorescence sous Pinfluence 
des radiations infra-rouges. (Bead 
June 25.) 


‘ Ann. Pliys. u. Ohem.’ K.F. 
xi\\ 575-580. 


‘Proc. Phys. Soc.* v. 35- 
38; ‘Nature,* xxv. 355 
(Abs.); ‘Phil. Mag.’m 
xiii. 212-214; ‘.T.Cluun. 
Soc.’xHi. G77~678(Abs.); 
‘ Beiblatter,’ vi. 383 
(Abs.); ‘Am. J.’ [3] 
xxiii. 322 (Abs.); * J. do 
Phys.’ [2] it 287-288 
(Abs.) 

‘Proc. Roy. Soc.’ xxxiv, 
63-68; ‘Nature,’ xxvi. 
142-M3; ‘BeibluUcr,* 
vi. 682-685 (Abs.) 


* Ann. Phys. ti. 

xviii, 45-56; * J. Cham. 
Soc.’xUv.r>37-53B(Abs,) 

* Soc. Franc, flo XliysJ 
1883, 24-25. 


‘ Ann, Phys, u.Ohem.’ KF. 
xix. 356-358 ; ‘ Phil 
Mag.’ [5] xvi, 403. 

‘C. 11’ xevi. 1853-1856; 
‘ Chain. Nows,’ xlviii. 22 
(Abs.); * Beibliittor,*v!i» 
702-703 (Abs.); 
schr. anal Cliem,* aoiRi. 
49 (Abs.) 
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Flx:oiiescencb, 1883,— Astronomical Applications, 1881. 

K. Becqucrcl . . M6moire sur U^tude des radiations * Ann. Chim. et Phys.’ [5] 

infra-rouges an moyen des ph6no- xxx. 5-C8; * Beiblatter/ 
menes de phosphorescence. viii. 647-649 (Abs.) 

E. Lommel . • Spectroskopmitphosphorcscirendem ‘ Ann.Phys.u.Ohem.’N.F, 

Ocular: BeobachtangeniiberPhos- sx. 847-860; ‘Am. J/ 

phorescenz. (Oct. 1883.) [3] xxvii. 236-237 (Abs.) 

„ * . Dio Fluorescenz des Kalkspaths. ‘Ann.Phys.n.Chem.’N.F, 

(Dec. 1883.) xxi.422-42T; ‘ J. Chem. 

Soc.’xlvi.649-660(Abs.) 

ASTRONOMICAL APPLICATIONS. 


1881. 


P. Taechini • 

Sulla distribuzione delle inacchie, 
facole e protuberanze solari sulla 
superficio del sole, durante V anno 
1880. 

«Meui. Spetlr. ital.’ x. 
122-123. 

G.O. Stokes * 

Lecture on Solar Physics. (April 6.) 

‘ Nature,' xxiv. 595-598, 
613-618, 

IV. (1(3 ^V* Abney 

Lecture on Solar Physics. (May 25.) 

Nature,’ xxv. 162-166, 
187-191, 252-257. 

Fiuvt'z • 

Recherches sur le spectre du mag¬ 
nesium cn rapport avec la con¬ 
stitution du Soleil. 

‘ Ann. Gliim. et Phys.’ [5] 
xxiii. 366-372, 

11. G. Russell , 

The Spectrum and Appearance of the 
recent Comet. (Read July 6.) 

‘Jonrn. and Proo. Roy. 
Soc. New Soutli lYales,’ 
XV. 81-86. 

W. H. M. Christie , 

The Gomot, (July 12) . 

< Nature,’ xxiv. 236; *Bei- 
blatter,’ V. 663-664 
(Abs.); *Am. J*’ [3] 
xxii. 164. 

II. Draper • * 

Note on Photographs of the Spec¬ 
trum of the Comet of June, 1881* 

‘Am. J,’ [3] xxii. 134- 
136; ^ Chcin. News,’ 

xliv. 75-76; ‘Mem. 
Spettr. itah’x. 150-161; 
M.dcPhys.’r2] i. 163- 
154 (Abs.) 

'W. Huggins • 

Sur la photographic du spectre dc 
la comete ^,1881. (Road July 11.) 

‘ C. R.’ xciii. 26; ‘ Bei- 
bllittor,’ V, 663-664 
(Abs.) 

Berthclot 

Remarques il loccasion de la Com¬ 
munication do M. W. Huggins. 

‘C. R.’ xciii. 26-27; 

* Beiblattcr,’ v. 663-664 
(Abs.) 

0.'Wolf . 

Observations de la comete 1, 1881. 
(Read July 11.) 

B/ sciii, 36-37; 

‘ Beibliitter,’ v, 663-664 
(Abs.; 

L. Thollon « * 

Observations spoctroscoi>iques sur 
la combte 1881. (Read July 11.) 

‘0. 11.’ xciii. 37-39; 

‘Beibliittei*/ v. 663-664 
(Abs.) 

W. Plarknoss • 

i Note on the Observations of Comet 
&, 1881, made at the United States 
Naval Observatory. (July 13.) 

‘Am. J.’ [3] xxii. 137^ 
139. 

•C. A* Young « ♦ 

Spectroscopic Observations upon the* 
Comet 1881, (July H.) 

‘Am. J.’ [3] xxii. 135- 
137; ‘ J^eibliitter,’ v. 

663-664 (Abs.) 

y2 
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Astbonomical Applications, 188J. 

Flammarion . . i >Sixr les queues des cometes. (Hciul ‘ C. 11.’ xciii. lor) -1;>7. 

j July 18,) 

A. Eiccu . . . ! Salle osservazioni solari fatte in ‘ Mem, Spettr, ilfil/ x. 

, Palermo nel Luglio 1881. (July 
81.) 

„ . . . Osservazioni delle inversioni della ^Mom. Spettr. ital.’ x. 

coronale 1474 Zj, e delle V del I-IS-ISI. 
magnesio fatte nell’ Osservatorio 
di Palermo. 

L. Thollou , . Observations spectroscopiques sur Ics *C. E.’xciii. 259; * 

cometes o et Z>, 1881. (Eead ter,’ v. 668-004 (Abs.) 
Aug. 1.) 

P. Tacchiiii . . Sur les spectres des cometcs CruLs ‘ C. E.’ xciii* 2r)l-2()2; 

et Schaeberle. (Eead Aug, 1.) ‘Ann. Cliixu. et Pbys.’ 

[5] XXV. 286-287; ‘ Bei- 
blatter,’v. 668-66!(Abs.) 

H. Draper , . The Comet ..... ‘Nature,’xxlv. 808-809. 

V. Konkoly . Spcctroskopisclie Beobachtungen der ‘Naturforscher,’xiv. 821 - 

Cometen 1881 imd c angcslcllt 823, 381. 
am astropliysikalisclicn Obscrva- 
' fcorium in O’Gyalla (Ungarn). 

(Aug. 12.) . , 

Faye . , . Sur i’analyse spcctralc appliquOe ‘ C. E.’x Jii. 861-862. 

aux com6tes. (Eead Aug. 22.) 

P. Tacoliini . . Observations solaires faitcs t\ I’Ob- „ xciii. 880-881. 

servatoire royal du College roinaln 
jDendant lo premier trimestre do 
1881, (Eead Aug. 22.) 

„ . , Observations des taclies ct des „ xciii. 882. 

facules solaires du mois d’avril 
au mois de juillet 1881- (Read 
Aug. 22.) 

Ij. Tliollon . ’ . Etudes spoctroscoiuques sur les ‘ C. U,’ xciii. 888^ 881 ; 

com6tes 5 et e, 1881. (Road * Boibljitter,’ v. 068-66 j 

Aug. 22.) (Ab.s,) 

B. Hasselbcrg . . Spectroskopisebe Beobachtungen der ‘Bidi. (h* BAcjid. H. 

Cometen 1881 & und <?. (Road J’Otorsb.’ xxvii, 417- 
Aug. 26.) ^ 425. 

Piazzi Smyth . . Tebbutt’s Comet—Origination of its ‘Kaiuro,’xxiv, 480. 

Proper Light. (Aug. 29.) 

G. M. Seabroke . Comets, 1881. (Aug. 20) . * „ xxiv, 48J, 

J. E. Capron . . Scbaeberle’s Conact. (Aug. 31) . „ xxlv, 480 481, 

„ . . comet* & 1881. (Sept. 3) , . „ xxiv/48L 

H. C. Vogel . . Ueber die Spectra der Cometen 1 ‘Astron. NachrJ a, 801- 

und c, 1881. (Sept. 5.) 304 ; ‘ Boibliltter ’ v. 86T 

(Abs.) ‘‘ 

C. V. Zenger . . Le spectroscope” 4 vision direct©, ‘ C. E,’ xciii, 429^432} 

applique 4 PAstronomie physique. * Beibliltter/ y.793(Abs.) 
(Read Sept. 6.) 

Bespighi . . Sur la lumi^re des cometes. (Read‘0. E.’ xciii. 48M40* 

Sept 6.) < Phil. Mag.’ fa] xli[ 

300v.30rrBoiblSltter,’v* 
746 (Abs.) 
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\\\ Itu^’gins . 
T. \V. Ibckliousc 

E. C. Pit!k(‘ring 

O. IT. ‘ . 

\V. Noble 

K. Kxncr 

T. S. Hunt . 

Trtcclnni . 

J. N. Lockycr . 

W, Huggins . 

Itl, Bocqucrol , 

W, Huggins . 


Astronomical Applications, 1881 , 

On the Photographic Spectrum of 
Comet Jj, 1881. (Brit. Assoc.) 

Notes on the Spectrum of Comet <?, 
1881, as seen with a Browning's 
IMiniature Spectroscope on the 
IJ-inch Telescope. (Oct. 8.) 

. Stars with Peculiar Spectra, dis¬ 
covered at the Astronomical Ob- 
servatorv of Harvard College. 
(Oct. IL) 

. Solar Chemistry . , , .' 

On the Spectra of the Comets ?j and 
Oy 1881, observed at the Eoyal 
Observatory, Greenwich. (Nov. 10, 
1881.) 

. Physical Observations of Comet 
1881, made at Forest Lodge, 
Maresdeld. (Bead Nov. 11,1881.) 

, XJcbeY da4 Funkeln'der Sterne und 
die Scintillation ttberhaupt. 
(Read Nov. 17.) 


Celestial Chemistry from the Time 
of Newton. (Be«ad Nov. 38.) 


Bur le spectre de la com^tc Encke. 
(Read Dec. C.) 

Preliminary Report to the Solar' 
Physics Committee on the Sun- 
Spot Observations made at Ken¬ 
sington. (Reed. Nov. 20. Read 
‘Dec. 15.) 

1882. 

On Comets. (Jan. 20) . 


Sur les phosphorographles du spectre 
solaire. 

Note on the Photographic Spectrum 
i of the Great Nebula in Orion, 
j (Reed. March 9. Read March 16.) 


1882. 

‘ Chem. News,* xliv. 183, 


‘ Monthly Not. Astr. Soc.’^ 
xlii. 43. 


‘Astroii. Nadir.’ ci. 73- 
74; ^ Beiblilttcr,’ vi. 106 
(Abs.) ‘ 


* Nature,’ xxiv. 581-582. 

* Monthly Not. Astr. Soc.' 
xliL 14-19. 


‘Monthly Not. Astr. Soc.’ 
xlii. 47-40. 


‘ Sitziingsb. Wien. Akad.’' 
Ixsxiv. IL 1038-1081; 
‘Ann. Phys. u. Chem.* 
N.F. xvii. 305-322 ; 
‘Wien. Anz.’ 1881,248- 
249"(Abs.); ‘ Beiblatter/ 
vi.384(Abs.); ‘Zeitschr. 
f. Lastnimentenkunde,’ 
ii. 185-186 (Abs.); *J. 
de Phys.’ [2] i. 373-377 
(Abs.) 

*Proc. Camb. Phil. Soc.* 
iv. 129-139; ‘Am. J.’ 
[3] xxiii. 123-133; ‘Ann. 
0mm. et Phys.’ [5] 
xxviii. 105-122; *Bei- 
bliitter,’ vi. 381 (Abs.) 

*C. R.’xciii. 940; ‘Bei- 
biUtter,’ vi. 106 (Abs.) 

‘Proc. Roy. 8oc,’ xxxiii. 
154-158; ^Chem.News,’ 
xliv. 297-298; ‘Bei- 
blatter,’ vi. 381-382 
(Abs.) « 


i ‘ Proc. Roy. Inst.’ x. 1- 
11; ‘Ann. Chim. et 
Phys.’ [5] xxvii. 408- 
426; ‘J. do Phys.’ [2] 
iL 478 (Abs.) 

‘ J, de Phys.’ [2] i. 139- 
140. 

«Proc. Roy. Soc.’ xxxiii. 
425-428 ; * Nature,’ xxv. 
489; ‘Ann. Chim. et 
Phys.’ fS] xxviii. 282^ 
285‘; M. de Phys:’-[2} 
ii; 98 (Abs.) 
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Astronomical Applications, 1882. 


W. Huggins . 


H. C. Duner . 

W, Huggiiir^ . 

P. Tacchini 

it 

J, N. Lockyc'i . 

A* Ricco • » 

H. Draper 
A. Ricco . 

T. Zona . 

P. Tacchini 

Maunder, « 

T* W. Backhouse 
H, Draper • 


H. 0. Yogel • 
C* Dun£T * 


, I Sur la photographie du spectre dc 
I la grande nSbuleusc d'Orion. 
(Read March 13.) 

Spectroscopic Results for the Mo¬ 
tions of Stars in the Line ot Sight, 
obtained at the Royal Observatory, 
Greenwich, in the year 1881. No. Y. 

, Auffindung neuer Spectra von dor 
Classe III. (March 20.) 

• Photograph of the Spectrum of tlie 

Great Nebula in Orion, 

. Sulle eruzioni solari metalliche 
osservate a Roma nel 1881. 

. Observations des Eruptions solaires 
en 1881. Spectre de la comotc 
Well. (Read April 17.) 

, Eclipse Notes . * • . . 

• Les minima des taches du Soloil en 

1881. (Read April 24.) 

• Sur les photographies du spectre do I 

la n^buleuse d’Orion. (Read May 1.) 

• Spettro della Cometa Wells ossor- 

vato a Palermo. 

• Su di tina partioolaritil luminosa 

rimarcata a Palermo nella coda 
della cometa Wells. 

• Cometa Wells. Spettro osservato 

air Equatore Merz del B. Osscr- 
vatorio del Collegio romano. 

. On the Spectrum of Comet a, 1882 
(Wells), observed at the Royal 
Observatory of Greenwich, (l^lay 
13.) 

« Spectrum of Wells* Comet. (Mayl(>.) 


, On Photographs of the Nebula in 
Orion, and of its Spectioim. (May 
1882.) 

The Total Eclipse • * , , 

Scientific Results of the Eclipse 

• Deber das Spectrum des Comoten 

Wells. (June 2.) 

* 'Deber das Spectrum des Comoten 

Wells. (June 4,) 


‘0. R.’ xolv. (J85-<18G; 
‘ BcibliUti'iV \i. 382 -- 
383 (Abs.) 

* Mold Id V Not. Astr. Soc.* 
Klii. 230-240. 


‘Astroii. Nachr,* cii. 

108; ‘ Boibljitter,’ iii. 
190 (Abs.) 

‘Am. X’ [3] xxiii. 335^ 
330. 

‘Mem. Spidlr, ital.* xi. 
03-58. 

‘C. IV xoiv. 1031-1033; 
‘ Bciblilitcr,’ vi. 480 
(Abs.) 

‘Nature,’ xxv. 573-578 ; 
xx\i. 100-101. 

‘C. IL’ xciv. 1169-1171. 


„ xciv, 1243, 

‘ Meiu. Spettr. Itab’ xl 70. 


‘Mem. Spettr.ita-L’ xi.70-- 
77; ‘ Bcibliltter,’ vi, 071» 
(Abs.) 

< Mem. Spettr. itab’ xi, 
77-78. 


‘Monthly Not. Astr. Soe.’ 
xlii. 251; * Mom. Spot tr. 
itab’ xi. 79. 


‘NatuiT,’ xxvi. 50; 
‘ P*(dbl}ltfcmV vb 07s 
(Abs.) 

<Monthly Not. Astr. Sot*.’ 
xlii. 3(i7*-308. 


‘ Naturt*,’ xxvb 75. 

xxvbl81-JH2, 

‘Aatron. Nachr.’ cii. 159; 
‘ Beiblatter,’ vb <178 
(Abs.) 

^Astron. Nachr.’ cii. 150; 
* Monthly Not. Antr* »S< c.’ 
xlii. 412-.413; < Bciblllt- 
tor,’ vb 078 (Abs.) 

< Monthly Not. Astr. SocJ 
xliL 413..42b 


!R W. Backhouse 


Observations of Comet k 1881, 
(June 5.) 
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Astronomical Atplioations, 1882 . 


N. C, Dunor * 

Pcrncre Nadirioht fiber das Spec¬ 
trum des Comctcii Wells. (June 
6.) 

!3\ Brcdidun « 

Les vapeurs du sodium dans la 
combte de Wells, (June 7.) 

N. von Konkoly 

Spectroskopische Beobachtungen 
des Cometen Wells, angestellt am 
astrophysikalischen Observato- 
rium in O'Gyalla (Ungarn). 
(June 8.) 

Further Spectroscopic Observations 
of Comet 1882 (Wells), made at 
the Boyal Observatory, Greenwich. 
(Juno 9.) 

H. C. Vogol • 

Ferncre Beobachtungen liber das 
Spectrum des Cometen Wells. 
(June 11.) 

\V. Huggins * 

On the Photographic Spectrum of 
Comet (Wells) I, 1882, (Boed. 
June 16. Bead June 15.) 

Thollon . 

Eclipse totalo de Soleil observ^e 5- 
Souhag (haute ftgypte) le 17 mai 
(temps civil) 1882. (Bead June 19.) 

Tr^Spicd • 

Eclipse tbtale*du 17 mai. (Bead 
June 19.) 

A. Puiscux 

Sur Pddipse du 17 mai 3882. (Bead 
June 19.) 

13, Hasselberg. 

ITeber das Spectrum des Cometen 
Wells. (June 22.) 

W# Huggins • 

Sur le spectre photographique de la 
comfete I, 1882 (Wells), (Bead 
June 26.) 

L. Boss * 

Comets: their Composition, Purpose, 
and Effect upon the Earth. 

I\ Tacdiini 

Observations des protubtonces, des 
facules etdestaches solaires faites 
t\ rObservatoire royal du CoUdge 
romain pendant le premier semestre 
1882. (Bead Aug. 7.) 

13. Hasselberg . 

The Spectrum of Wells’ Comet 

Tacdiini • 

Sur les Eruptions m4talliques solaires 
observ§es A Borne pendant le pre¬ 
mier semestre 1882. (Bead Aug. 21.) 

.f, Janssen # 

Les m^thodes en astronomic 
physique. (Lecture# Aug, 24, 
1882.) 

Begouon • # 

j La matito radianto et les comStes, 


‘ Astron, Nachr,’ cii, 169. 


‘ Astron. Nadir/ cii. 207; 
‘ Beibliltter/ vi. 678 
(Abs.) 

* Natnrforsciier/ 3 t. 245 ; 
* Beiblatter/ vi, 678- 
679 (Abs.) 


* Monthly Not. Astr. Soc.* 
xlii. 410-412. 


‘ Astron. Nachr.* cii. 199-^ 
202 5 * Beiblatter/ vi. 
678 (Abs.) 

‘Proc.Boy. Soo.’xxxiv.l48-* 
150; ‘ Nature/xxvi. 179- 
180 (Abs.); ‘ Beiblatter, 
vi. 679 (Abs.); * Am, J. 
[3] xxiv. 402-403. 

‘C. E.’ xciv. 1630-1635; 
‘ Bcibliitter/ vi. 878-880 
(Abs.) 

‘0. B.’ xciv. 1636-1642; 
‘ Beiblatter,’ vi. 878-880 
(Abs.) 

‘0. B.’ xciv. 1643-1644; 
‘ Beiblatter/ vi, 878-880 
(Abs.) 

^ Astron. Nadir.’ cii. 259- 
264; ‘ Beiblatter/ vi# 
744-745 (Abs.) 

‘0. E.’ xciv. 1689-1691. 


* Observatory/ 1882,235- 
221 . 

*a B/xcv. 276-278. 


* Nature/ xxvi. 344 (Abs.) 
‘ 0. B/ xcv, 373-378. 


‘Ann. du Bureau ' des 
Longitudes/ 1883, 779- 
812; ‘ Beiblatter/ vii. 
323-324 (Abs.) 

; ‘Bevue soientif/axc. 297* 



328 


I^aiigiey * 

A. Hicco 

ThoHon and G-ouj* 
r. Tacchini 

A. IlicGo . 

Bertholot 

J. Janssen 

H. C. Rasseli . 

A. Hiceo , 

H. 0. Vogel . 

A. Bicca , 

IThollon and Gouj' , 

B* Hassclberg * 
Meyci- , , 

Cruls . , . 

E. V. Gothard , 

Gony and l!hollon . 
Vf. T, Sampson 


BEPOBT—1884. 


Astronomical xVpphoations, 1882. 


. j Observations dn sx3ecire solairo. 
(Bead Sept. 11.) 

. Sulla diversa attivitii dei due emis- 
feri solari nel 1881. 

. Stir une comete observee D. Nice. 
(Bead Sept. 25.) 

, ' Suir ccllsse totale di sole del 
[ 17 maggio 1882 osservato a 
I Soliage in Egitto. 

. Osservazioni spettroscopiche della 
cometa Cruls fatte collo spettro- 
! scopio di Clean ajiplicato al re- 
' frattore di 0"‘ 26 ncll’ Osservatorio 
; di Palermo. 

. , Bemarqnes sur la lumi^re propre des 
, com^tes. 


. N ote sur laloliotographic de la comet o 
5, 1881, obtenii A. I’observatoirc de 
Meudon. 

. Observations of the Great Comet (/>), 
1882, made at the Sydney Ob¬ 
servatory. (Oct. 6.) 

. j The Comet. (Oct. 11) • • 

. ) Beobachtungen des grossen Septem- 
I ber-Cometen, 1882. (Oct. 12.) 

I 

. ' Osservazioni astrofisiche della grande 
cometa di settembre 1882, 


Observations spectroscopiquos sur 
la grande comSte (Crul.s). (Bead 
Oct. 23.) 


Zur Spcctroskopic des grossen Sop- 
tember-Comoten, 1882, (Oct. 30.) 

Observations sur la refmotion 
comteiro. (Bead Nov. 2.) 


Sur la grande combte australe, ob- 
serv^e k PObservatoire imperial de 

, Eio-de-Janeiro. (Bead Nov, 6.) 

Beobaobtxmgen des grossen Septem- 
ber-Oometen 1882 am astrophysica- 
Hsohen Observatorium zu Her^ny, 
Ungam, (Nov, 6,) 

Mesures speotrophotom6triques en 
divers points du disque solairo. 
(Bead Nov. 6.) 

Tbe Oomet, (Nov. U.) , 


<c. IV xcv. 

‘J. Soc.’ xliv. 

137 (Abs.) 

‘ Astron. Kiu^hr.'* ciii. 155 - 
15G. 

< 0. R.’xcv. 655-557; *Boi. 
blilUer,’ vii. IIG (Abs.) 

‘Mem. Spoltr. iial.’ xi. 
Sept. Ull. 

‘Mem. Speltr. iial.’ xi. 
Sept. 15-17. 


‘Ann. Cllim. et Fliys.’ 
[6] xxvii. 232-233; M. 
Chem. Soc.’ xliv. 251 
(Abs.) 

‘ J. do Pliys.’ [2] I MU 
449. 


‘Monthly Not. Astr. Soc!.* 
xHii. 31. 


‘Natims’x.wl. COUOll. 

‘Astron. Nachr.’ ciii. 27U 
282; ‘ Ikuhliltfccr,’ vii. 2H 
(Abs.) 

‘Astron. Knchr.' ciii.28U 
284; ‘ BoibliltteiV vii.28 
(Abs.) 

‘C. n: xcv. 712..7I4; 
‘Natans' x x v li, 21 (Abs.); 
*BeibliitlCIS* vil. 28-2U 
(Abs.) '• 

‘AHt-mi. NachrA <a\% l:U 
l(l;MVihlHttwVvii.20:u 
2114 (Abs.) *• 


‘ Arch, do Gon5vo,* [31 vin, 
525-535 ; ‘ Beiblil'fctms* 
vii. 141-442 (AbH.); 
‘J.dePhyH;[2]ii.SB7- 
m (Abs.) 


‘ C. B.’ 3CCV. 

* Bolblattms* 
(Abs.) * 


S25-S2S; 
vil lie 


‘ Astron, Naobr.’ dii 877- 
880; ‘BeiblEttor; vii. 
lia (Abs.) 


‘C, KCV. 884-8852 
♦ BoibBlttar,’ vii, 11S-. 
114 (Abs.) . 

^ Nature,’ x.xvii. 108 410. 
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Astronomical Applications, 1882. 

\on Konkoly . neobacliUxng dcs grossen Septem- ‘Astmi. N^acbr.’civ. 45- 
I ])er-Cometea auf <lcr Stemwarte 48; ‘ Monthly Not. Astr. 

Ill 0’(Jyalla. (Nov. 12.) Soc.’xliii. 56-57; ‘Bei- 

j blatter,’ vii. 293 (Abs.) 

FrAoan,Ckni<s Iiocvn, llapport ail Bureau dcs LotJgitudos ‘ C. R.’ 'xcv. 881-885 ; 
and Janssi'H. siir la prochaine eclipse du 6 mai ‘Ann. dii Bureau des 

1883. (Read Nov. 13.) Longitudes,’1883, 813- 

820; ‘Nature,’ sxvii. 
110-112. 

I*. Tacclnni . . ' Observations faites pendantI’eclipse ‘0. R.’ xcv. 896-898; 

I totale de Soleil du 17 mai 1882. ‘Beiblatter,’vii. lU-llG 
I (Read Nov. 13.) (Abs.) 

W. II. jM, Clnistic , Magnetic Storm, Aurora, and Sun- ‘Nature,’ xxvii. 83. 

Spot. (Nov. 20.) 

J. N. Lockycr , . Note on the Recent and Coming Total ‘Proc. Roy. Soc.’ xxxiv. 

Solar Eclipses. (Kecd. Nov. 17. 291-300; ‘Nature,’ 

Read Nov. 23.) xxvii. l'S5489; ‘ Bei- 

bliittor,’ vii. 193 (Abs.) 

B. Hassclbcrg . , Sullo spettro della cometa Finlay. ‘ Mern. Speitr. ital’ xi. 

Settembre 1883. (Nov. 30.) No. II, 1-3; ‘Beiblilt- 

ter,’ \di. 293-294 (Abs.) 

j The Transit of Venus . . . ‘Nature,’xxvii. 166-157. 

iS, P. Langley . . Observationof the Transit of Venus, ‘ Monthly Not. Astr. Soc.’ 

1882, December 6, made at the xliii. 7i-73. 

Allegheny Observatory. (Dec. 7.) 

P. Taceluni . . , Observations du passage de Venus ‘ 0. R.* xcv. 1209-1211, 

: rObservatoire roysd du OoH^ge 

' remain. (Dec. 7. ReadDoc.il.) 

,, . . Sur la grande tache solaire de no- „ xcv. 1212-1211. 

j vembre 1882, et sur les perturba- 
j Uons magndtiques qui en out ac- 
compagnS Tapparition. (Read Dec. 

11.) 

f1n«ciatorc , . The Transit of Venus. (Dec. 13} . ‘ Nature,’xxvii. ISO. 

W. Hnggin.s . . On a Method of Photographing the ‘Proc, Roy. Soc.’ xxxiv. 

Solar Corona without an Eclipse. 409r-414; ‘ Nature^” 

(Reed* Dec. 13. Road Dec. 21.) xxvii. 199-201; ‘Am. 

J.* [3] XXV. 12G-130; 
‘Ann. Gbini. et Phys.* 
[6]’iii. 540-550; ‘ Bel- 
bliltter,’ vii. 194-195 
(Abs,); M. de Phys.’ 
[2], ill. 103 (Abs,); 

‘ Astron. Nacbr.’ civ. 
113-118 ; ‘ J. de Phys.’ 
[2] ii. 173-175 (Abs.) 

A. Crova . . . Sur la photometric solaire. (Read ‘ C. R.’ xcv. 1271-1273; 

Dec. 18.) 3:cvi. 124; ‘ Beiblatter/ 

vii. 113 (Abs.) 

, I Osservazioni del passagio di Venere * Mem. Spettr. ital.’ xi. 

, j sul disco solare fatte in Italia nel Dec, 1-23 ; * Beibliitter,’ 

6 dicembi*e 1882. vii. 375 (Abs.) 

Fiazzi Smyth . * Madeira Spectroscopic,’ 1881-1882 ‘ Phil, Mag.’ [5] xv, 144- 

(published by W. and A. K, John- 149 (Notice); ‘ Beibmt- 
.ston, Edinburgh), ter,’ vii. 292-293 (No¬ 

tice). 
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—1884. 


Asxbonomical Applications, 1882, 


1j. Tholloa « • j 

Observation du passage do V^nus, t\ 
Avila (Espagne). (Read Dec. 26.) 

1883. 

W. Huggins « 

! 

Hurune m^thode pour photographier 
la couronne sans une eclipse de 
Soleii. (Read Jan. 2.) 

The Spectrum of the Great Sun¬ 
spot of 1882, Nov. 12-25, observed 
at the Royal Obseiu'atory, Green¬ 
wich, (Jan. 12.) 

Spectroscopic Results for the Mo¬ 
tions of Stars in the Line of Sight, 
obtained at the Royal Observatory, 
Greenwich, in the Year 1883. No. 
YL (Jan. 12.) 

O. Lohse » 

Fhotographie der Corona der Sonne. 

J. Janssen * 

Note sur Tobservation du passage 
de la planSte V(Snus sur Ic Soleii. 
(Read Jan. 29.) 

N, von Konkol^ 

Astrophysische Beobachtungen. 

w • 

TJeber die chemisclie Constitution der 
Kometen, verglichen mit der der 
Meteore. 

Tholion and Goiiy . 

Sur le d^placement des raxes du so¬ 
dium observe dans Ic spectre de la 
grande comete de 1882. (Road 
Feb. 5.) 

J. Janssen # 

Note sur divers points de Physique 
c41este. (Read Feb. 26.) 

T. V. Lang 

Der infrarotlic Theil des Sonnen- 
spectrums* 

Maures Horner . 

Observations of the Transit of Yenus, 
1882, Deo. 6, made at Molls, Ten 
Miles South of Bath. 

N. von Konkoly 

Spectroscopic Observations of Comet 
<35,1883 (Brooks-Swift). (March 12.) 

C. A. Young * 

Observations of the Transit of Yenus, 
Dec. 6, 1882, at Princeton, N.J., 
and South Hadley, Mass. (March 
1883.) 

E. von Gothard 

Beobaohtxmg des Cometen 1883 
Brooks-Sirat, (March 23.) 

A. Schuster and AV. 

On the Total Solar Eclipse of May 17, 

de W. Abney 

1882. (Reocl. April 9, Read April 


1883. 

‘0. R.’ xcr. UJ lO 'KMl?, 


* 0. R.’ xcvJ. 51-53. 


‘Monthly Not. Asir. yoc.’ 
sliii. 77-80. 


‘ Monthls" Not. Astr. Soc.’ 
xliii 80-8 h 


* Astron. Nachr.’ civ. 200'- 
212; ‘ Boibliiticr,’ vii. 
291-202 (Abs.) 

‘C. 113 xcvi. 288-202 ; 
* Rciblaltor,’ vii. 375- 
37C (Abs.) 

* 3Iath. XL. natiu’wisson- 
schaftl. Bcrichto aus 
Ungarn,’ i. 120-127. 

‘ Math. u. nat arwia.son- 
schaftl. Berichto aus 
ITngarn,’ I 135-839. 

‘C. E.’ xcvi. 371-372; 
‘Nature,’ xxvii. 380 
(Abs.); «Am, [3] 
XXV. 300 (Abs.): < 
blatter,’ vii. 203 (Abs.) 

* 0. R.’ xcvi. 527' 529 ; 
‘Natures’ xxvii. i75 
(Abs.) 

‘Oarl. Repert.* xix. 107 
100; * Bcibliltte^r,’ i u 

371-375 (Abs.) 

‘ Monthly Not. Astr. Soo/ 
xUii. 270-27S. 


‘ Monthly Not. Astr, HwJ 
xliii. 328-320. 

*Am. J,* [31 XXV. 321* 
320. 


‘Astron. Nachr.* cv. 135- 
136. 

‘Phil. Tmns.* clxxv. 253». 
271; ‘Free. Boy. Hoc,’ 
xxxv* 151-155 (Ab&); 
‘Bcibmttcis’vil 806-89T 
(Abs.) 
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H. 


I+L von liolLunl 


TaccUinl * • 


K. von (Jolli.inl 
AV. IL N. (HniNtlo 

K, von (»(^thar<i 
a J. i‘‘‘n‘y 

3ans«(‘n • 

V, rural HniyJh 

IL Tueciniu 

K V. Goibuni , 

,L ilausson * 


0* A. Y 01111:4 . 


iL Cbpekn<l * 


ton Konkol) ♦ 


ASTJJONOjMICAE a 1»1'ligations, 1883. 

Hosonrdu's upon tbe riiotograpliy' ‘ Proc. Am. Acad. Arts 
of riaiudary and Stidlar Spectra.! and Sc.’ N.S. si. 231- 


I of IMaiuiiary and Stidlar Spectra 
(l*n!Son<<!d April 11.) | 

Spe<*4 rohcopisclu' ilcobacbtungcn 
von Kixstcrnen. (Jleacl April 23.) 

Obscu'va,lions dos protuberances, fa- 
culesct ta<ilics solaircsfaites i\ rOb- 
seri'jitoiro royal du Coll5ge remain 
pendant le troisiemo ct le qnatrieme 
triiuestro do 1882. (BeadApril 30.)! 

Spoct rostuipische I’cobachtungen des 
grossen Sejitcinbcr-Cometen 1882 
11. (MayC.) 

Be port. i>y tlu* Astronomer Boyal to 
(li£‘ Hoard of Visitors of the Boyal 
Observatory, G recnwich. 

'Hic tb*lij)se Observations . 

AHiro])byslcid Observations made 
during the Year 1882 at the 
IT(!reny <)l>s(*r\atory, Xlungary. 

Note on th(? Ohromosphere. (June 5.) 
Sur V('( '1 ipse s( >laire. ( Bead Juno 18.) 


i Notii on t he Little h Group of Lines 
in the Holtir iSpcctrum and the 
Ntnv Oollego Spectroscope. (Bead 
June 1883.) 

rhe M(dii>se Party • * . . 

Siigli Hpettri di comete osservati ncl 
IH81> e snBa forma doi relativi nu- 

ftt.ude.s astro} ihotographiques. (Bead 
Aug. 27.) 

Ih‘obachttmg der hellen Linicn in 
dem Speotrnni von y Cassiopeiie. 
(Aug, 27.) 

Bapport A YAeadfimio sur la mission 
en <)e/taiiie ptuir Misorvation de 
IbtslipHe intnle do Soleil du G mai 
1883. (UeadHopt. B.) 

SpectroHCtJjnc Notes. (Sept. 10) . 


Notns on some Eecent Astrononucal 
Bxperimouts at High Elevations 
on the Andes. (Brit, Assoc. 1883.) 

Yorlilufige speetrosoopische Beo' 
bnehtung dos Comoton rons- 


261. 

Math, n, naturwissen- 
schaftl. Beiichte aus 
XJngarn,’ i, 207-209. 

^C. B.’ sevi. 1290-1291;. 
‘Nature,’ xxviii. 48 
(Abs.) 


Astron. Nadir.’ cv. 331-. 
314. 

■Nature,’ xxviii. 136-139. 


Brool(3, (Sept. 80.) 


„ xx\dii. 145-140. 

' Monthly Not. Astr. Soe.’ 
xliii, 420-424. 

‘Monthly Not. Astr. Soc.’ 
xliii. 426-427. 

‘0. R.’ xevi. 1743; ‘Na¬ 
ture,’ xxviii. 216 (Ahs.) 

‘Trans. B.oy. Soc. Edinh.’ 
xxxii. 37-44; ‘Nature,’ 
xxviii. 287 (Abs.) 

‘Nature,’ xxviii. 247-218.. 

‘Mem. Spettr. ital.’ xii. 
179-184. 

‘C. B.’ xcvii. 552-333; 

‘ Bciblatter,’ vii, 860- 
802 (Abs.) 

* Astron. Nachr.’ cvi. 293- 
294; ‘ Beiblattcr,’ vii. 
862 (Abs.) 

‘ 0. B.’ xcvii. 586-602; 

* Mem. Spettr. itah’ xii, 
201-216, 

‘ Am. J[3] xxvi. 333-836; 

* Beibliitter,’ viii, 221 
(Abs.); ‘ Phil. Mag .’[53 
xvi. 460-463. 

* Nature,’ xxviii. 606; * Bei-^ 
blatter,’ viii. 220-221 
(Abs.) 

< Astron. Nachr.’ evil. 41- 
42; ‘Observatory,’ vi. 
333-334; ‘Am. J.’ [B] 
xxvH. 76-77; ‘Bel- 
blatter/Yin, 33 (Abs.) 
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EEPOET— 1884. 



Asteonomical Applications, 1883, 

von Konkoly , 

. Spectroscopisclie Beobacbtung von 
7 Cassiopejjo. (Sept. 30.) 

L. Thoilon 

. Sur rinterpretation de quelques i^lie- 
nom^nes de spectroscopic solaire. 
(Read Oct. 1.) 

Faye , 

'. Reponse u une Note de M Thoilon 
sur I’interpretation dun plienomene 
de spectroscopie solaire. (Read 
Oct. 8.) 

H. C. Vogel . 

. Einige spectralaiiaU*tische Unter- 
suchungen au Sternen, ausgefiihi't 
mit dem grossen Refractor der 
Wiener Sternwarte. (Read Oct. 11.) 

L. ThoUon 

. Observations sur une Reponse de 
j M. Faye coucernant divers ]plie- 
1 nomenes de spectroscopie solaii'e. 

1 (Read Oct. 22.) 

O. D. Liveing 
J. Dewar, 

and j On Sun Spots and Terrestrial Ele- 
1 ments in the Sun. 

€, Montigny . 

. De la scintiRation des 4toiles dans 
ses rapports avec la constitution 
(le leur lumifere, d’apres Tjuialyse 
spectrale. (Read Dec. 1.) 

O. Rn3’et. 

. ^ Observation du spectre de la comete 
' Pons lS12-Brooks a T^quatonal 
de 14 pouces (0"“378) de TObser- 
1 vatoire de Bordeaux. (Read Dec. 

m 


On the Spectrum of Comet h, 1883 
' (Pons-Brooks), observed at the 

1 Eoval Obserratorv, Greenwich. 

; (Dec. 13.) 

C. Trepied 

. Etude spectroscopique de la comtde 
Pons-Brooks faite au reflecteur de 
0"’*50 de rObservatoire d’Alger. 

, (Read Dec. 31.) 


1884. 

Thoilon . 

. Spectroscopie solaire. Monographie 
du groupe D. 

C. Trepied 

. Sur le s^Dectre de la comete Pons- 
Brooks. (Read Jan. 7.) 

Xf. Thoilon 

Observations speotroscopiques faites, 
Ur Nice sur la comete Pons. (Read 
, Jan. 7,) 

W. Huggins , 

. On Photographing the Solar Corona 
i without an Eclipse. 


‘Spectroscopic Results for the Mo- 
J tions of Stars in the Line of Sight, 

5 obtained at the Royal Observatory, 

; Greenwich, in the Vear 1883. No. 

,: TIL * 


1884. 

«Astrpn. cvii. Gl- 

62; ‘Beibliitter,’ vixi. 
221-222 (Abs.) 

' ^ C. IV xcvii. 747-740. 


‘ C. 11.' xcvi;. 77ii-7S2. 

i 

I ‘ Sitzungsb. Wien. Akad.’ 

I Ixx^vviii. II. 701-815; 
‘Wien. Anz.’ 1883,174- 
175 (Abs.); ‘ Beibliitter/ 
viii. 508-511 (Abs.) 

j ‘ C. K.‘ xcvii. 000-002. 


‘ Phil: Mag. rs] xvi. 401- 
408; ‘ Beiblatter,’ viii. 
304-305 (Abs.) 

‘Bulb Acad. Roy. Bel¬ 
gique ’ [B] vi. 644-664. 


‘0. R*’ xcvii. 1352-1353; 
‘ Bcibliitter,’ viii, 221 
(Abs.) 


‘ Montlilv Not. Astr. Soc.* 
xliv. 62-03. 


‘C. IV xcvii. 1540-1541 ; 
‘ Nature/ xix. 255 (Abs.) 


‘J.cIePhys.’ [2] iu. 5-11; 
‘Beibliitter/ viii. G‘17 
(Abs.) 

‘C. E.’ xcviii. 32-33. 


‘ C. R.* xcviii. 33; ‘ Bei- 
bliitter/ viii. 221 (Abs.) 


*Am.,J.’ [3] xxvii. 27-32. 


‘ Monthly Not.^ Astr. Soc.’ 
xli\;. 80-96. 
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Astronomical Applications, 1884.—Meteorological, 1881. 

H. C. Yogx'l * * Einigc Bcobaclitungcn ilber den < Astron. Nacbr.’ cviii. 21- 

Cometcn Pons-Brooks, inobcson- 20. 

clcre liber das Spectrum dcsselbcn. 

(Jan. 18.) 

B. Hassolborg . . Spectroskopisclie Bcobachtungen des * Aciron. Nacbr.’c^iii. 55- 

Gometen Pons-Brooks. (Jan. 20.) 56. 

P, Tacchini . . Sugli spettri di comete osscr\ati ^IMem. Spbttr. ital.* siii. 

nel 1882 e sulla forma dclle re- 17-22. 

lativc code e nuclei. 

R. V. Kovcsligethy . SpectroskopisobeBeobaebtungendes ‘Astron Nacbr.’ cviii. 

Gometen Pons-Brooks. (Feb. 10.) 169-174. 

E. Yon Gotbavd . Beobaebtungen der bellen Linieii in ‘Astron. Nacbr.’ cviii. 

dem Spectrum von y Cassiopeia^ 233-236.* 

und iS Lyrm. (Feb. 10.) 

C. A. Youiu . . Observations of Comet Pons-Brooks. ‘Astron. Nacbr.’ cviii. 

(Fob. 1884.) 305-308. 

B. J. Perry . . Observations of Sun-spot Spectra in ‘Monthly Not. Astr. Soc.’ 

1883. (Feb. 21.) xliv. 244-248. 

E.'Wiedcmaiiu , Note on the Temperature of Sun ‘ Phil. Mag,’[5] xvii. 247- 
Spots, (Feb. 25.) 248; ‘ Beiblilttcr/ viii. 

768 (Abs.) 

N, von Konkoly . Spectroscopic Observation of the ‘ Monthly Not. Astr. Soc.^’ 
Red-colourod Sky at Sunset, 1884, xliv. 250-251. 

Jan. 9, 6h. 20m. 

,, . . Spectroscopic Observations of Comet ‘ Monthly Not. Astr. Soc.'" 

Pons-Brooks made at the Obser- xliv. 251-253. 

\’atory O-Gyalla, Hungary, 

J. N. Lockycr . , On the most Widened Lines in Sim- ‘ Proc. Eo.y. Soc.’ xxxvL 

Spot Spectra. First and Second 443-446 (Abs.) 

Series, from November 12, 1879, to 
October 15,1881. (Reed. Feb. 22. 

Read March 20.) 

A. lUccu , . ‘ . Sullo spettro dolla comela Pons- ‘ Meni. Spettr. itab’ xiii. 

Brooks. (March 20.) 39-40. 

Cb B. Liveing aiul The Temperature of Sun Spots. Re- ‘ Phil. Mag.’ [5] xvii. 302- 
J. Bewar. plv to Prof. Wiedemann, 304 ; ‘ Beibllitter,’ viii, 

768,(Abs.) 

B. V. Gothard , , Spcctroskopische Beobachtimgen • Astron. Nacbr,’ eix. 99-'> 

des Cometen 1884. I. (I^ns 106. 

1812.) (April 24.) 

Visitation of the Royal Observatory ‘ Nature,’xxx. 147-148. 


METEOROLOGICAL. 

1881. 

S. P. Langley . . The Bolometer and Radiant Energy. ‘ Proc. Am. Acad,’ xvi.. 

(Read Jan. 32.) 342-358 ; ‘Zoitschr. A 

Instrumeiitenkunde,’iv* 
27-32 (Abs.) 

W.G. Adams. . Magnetic Disturbances, Auroras, and ‘ Nature,’sxv. 66-71. 
Earth Currents, (Lect. Roy, Inst. 

June 3.) ' 
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^lETEOROLOdlCAL, 1S81, 1882. 


:S". Egoroii 

Eecherches sur les raies telltiriques 
dxL spectre solaire. (Bead Aug. 22.) 

‘ C. K.’ xciii. 3S5-387; 
* Beibliltter,’ v. 871-872 
(Abs.) 

A. S. Herschel, 

Tbe Progress of ^leteor Spectro¬ 
scopy. "^(Sept. 12.) 

‘ Nature/ xxiv, 507-508 ; 

1 ‘Beiblatteiy S7X 

i (Abs.) 

A. 11. Caproxi . 

The Aurora and its Spectrum. 
(Nov. 1.) 

^Nature/ xxv. 53; * J. de 
Phys.’ [2] ii. 97-98 
(Abs.) 

.. 

A Plea for the Bain Band, (Nov. 
1881.) 

‘Observatory/ 1882, 42- 
47,71-77; ^Beibliitter/ 
vi. 485 (Abs ) 

"N' EgoroS . 

Eeclierclies sur le spectre d‘absorp- 
, tion de Patmo-si^here terrestre, a 
' rObsenntoire de Paris. (Bead 
Kov. 14.) 

‘C. B/ xciii. 788-790; 

‘ Chem. News/ xliv. 256 
(Abs.); ‘ Bcibliiiter/ vi. 
100-101 (Abs.) 


1882. 


H. Romanes 

j The Solar Spectrum in a Hail Storm. 
(March 22.) 

‘ Nature,’ xxv. 507; ‘ Bei- 
blatter/ vi. 480 (Abs.) 

S. ]*. Langley , 

The Mount IVhitner Expedition. 
(July 13.) 

‘Nature/ xxvi. 314-317. 

K. B, Kirk 

Spectrum of Aurora. (Aug. 5) • 

1 

‘Observatory/ 1882, 271- 
272; ‘Beibiattcr/ vii. 
193 (Abs.) 

Kgoruff • . 

Eecherches sur le spectre d'absoip- 
tion de latmosph^re terrestre. 
(Read Sept, 4.) 

‘C. R/ xcv. 447-449; 

‘ Beiblatter/ vi. 937-938 
(xAbs.); *J. Obom, Soc.’ 
xliv. 137-138 (Abs.) 

. J. F. D. Donnelly . 

A Meteorological Spectroscope. 
(Sept. 14.) 

<Nature,' xxn. 501; ‘ Bei- 
blUttor,' vii. 25 (Abs.); 

‘ J. de Phys.’ [2] iii, 44 
(Abs.) 

IL Miiiler , 

Untersuchungen fiber die Hollig- 
keitsanderungen in verschiedenen 
Theilen des Sonnenspectrums bei 
abnehmender Hdheder Sonne fiber 
dem Horizont. (Sept. 23.) 

‘ Astrou. Nachr.’ ciii. 241- 
252; ^‘Beibiattcr/ vii. 
111-112 (Abs.) 

C. Piazzi S my til , 

Spectroscopic Weather Discussions. 

‘Nature,* xxvi. 553-654 ; 

! ‘BcibliLfler/ vi. 877 
(Abs.) 

11. Abercroniby 

i The Spectroscope and Weather Fore¬ 
casting. (Oct. 2.) 

‘Na(ure,’ xxvi. 572-573. 

W. <le W. Abney 

Sunlight and Skj'light at High Alti¬ 
tudes. (Brit, Assoc.) 

‘ Nature,’ xxvi. 580; ‘ Bex- 
bliitter,’ vii. 28 (Abs.); 
‘XdoPbys/ [2] iii, 47- 
48 (Abs.) 

S. 1\ Langley . 

Sunlight and Skylight at High Alti¬ 
tudes. (Brit, Assoc.) 

‘Nature/ xxvi, 58G-589: 
‘Am. J.’ [3] xxiv, 393- 
398 ; ‘ Boibhitter/ vii. 28 
(Abs.);‘J.dePhys/m 
iii. 47-48 (Abs.) 

A. Comn • • 

Sur Tobservation comparative des 
rales telluriques et mltalliques, 
eomme moyen d’evaluer les pou- 
voirs absorbants de I’atmosphke. 
(Bead Nov, 6.) 

‘0. IV xcv, 801-806 ; 

‘ Beiblatter/ vii. 110 
(Abs.); ‘Am. J/ [3] 
xxv. 78 (Abs.) 
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J. Janssen 

H. Bobinson • 

T. G. Eiger . 

O. H. Romanes 
W. H. M. Christie 

J. R. Capron . 

>i • 

A. Cornu . 

R. Abercromby 
J. Munro. , 

J. R. Capion . 

-S. P. Langley . 


H. ll. Mill 

A. Cornu . , 

J. R. Capron . 
S. Lemslrom , 


Meteorological, 1882, 1883. 

Note siir les raies telluriques et le 
spectre de la vajpeur d’eau. (Read 
Nov. 13.) 

The Aurora. (Nov. 18). 

The Aurora, (Nov. IS) , , 

. ; The Aurora. ( Nov. 18). 

Magnetic Storm, Aurora, and Sun 
Spot. (Nov. 20.) 

The Aurora. (Nov. 18) . 

I Swan Lamp Spectrum, and the 
Aurora. (Nov. 30.) 

The Aurora. (Dec. 1) . 

Snr rohservation comparative des 
raies telluriques et metalliques, 
comine moyen d’evaluer les pon- 
voirs absorbants de ratmospherc. 
(Read Dec. 1.) 

The Aurora and its Spectrum. 
(Dec. 18.) 

Swan Lamp Spectrum and the 
Aurora. (Dec. 38.) 

The Aurora and its Spectrum. 
(Deo. 23.) 

The Selective Absorption of Solar 
Energy. (Dec. 30.) 


1883. 


Observations of tho Rain Band from 
June 1882 to Jan. 1883. (Road 
Jan. 29.) 

Sur Tobservation comparative des 
raies telluriques et metalliques, 
commo moyen d’ovaluer les pou- 
voirs absorbants de Tatmosphere. 

On the Auroral Beam of Nov, 17, 
1882, (April 6.) 

The Aurora Borealis » • 


* C. R.’ xov. 885-890; 
‘ Beibliitter,’ vii. Ill 
(Abs.); ‘Am. J.’ [3] xxv. 
78-79 (Abs.) 

‘ Nature,’ xxvii. 85. 

„ xxvii. 85-86. 

„ xxvii. 86. 

„ xxvii. 83. 


„ xxvii. 83-84. 

‘ Natmre,’ xxvii. 149; ‘ Bei- 
blatter,’ vii. 108-109 
(Ahs.) 

‘ Natmre,' xxvii. 139. 

‘Soc. Franc, de Phys.’ 
3882, 241-247; ‘J. de 
Phys,’ [2] ii. 68-63 ; 
‘ Zeitschr. f. Instrument 
tenkunde,’ iii, 290 (Abs.) 

* Nature,’ xxvii. 173; ‘Bei- 
blatter,’ vii. 193 (Abs.) 

‘Nature,’xxvii. 173; ‘Bei- 
blS.tter,’ vii. 193 (Abs.) 

‘ Nature,* xxvii. 398. 


‘Am.J.’ [3] XXV. 169-196; 
‘Ann. Phys. u. Chem.* 
N.F.xix. 226-244; 384- 
400; ‘Phil. Mag.’ [6] 
XV. 153-183 ; ‘ Ann. 

Chim et Phys.’ [5] xxix, 
497-542; ‘ Zeitschr. f, 
Instrumentenkunde,’ iv. 
27-32 (Abs.); ‘J. de 
Phys.’ [2] ii. 371-374 
(Abs.); ‘ J. Franklin 
Inst.’ Ixxxviii. 157-158 
(Abs.) 


‘Proc. Boy. Soc. Edinb* 
xii. 47-56. 


‘J. dePhys.’ [2] 1158-63* 


‘Phil. Mag.’ [5] xv, 318- 
339. 

‘Nature,’ xxviii. 60-63, 
107-109, 128-130; ‘J* 
de Phys.’ [2] ii. S15«- 
317 (Abs.). 
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BKPOKT—1884. 

Meteobological, 1883, 1884.-~Chemical Belations, 1881. 

C H. Boyl . ’ . On Professor Langley’s ‘Selective ‘Johns HopkinsXJin‘v*Cir.?’ 

Absorption ’ (TJniv. Scientif. Assoc. ii.l45-14(); ‘Phil. Mag.’ 
May 2.) [5] xvi. 317-318 ; ‘ Bei* 

bUltter,’ vii. 899 (Abs.) 

Tresca . . • > Sur les observations de M. Lem- ‘0. Ih’xcvL 1335-1336. 

j Strom en Laponie. (Bead May 7.) 

F. W. Cory . . ! The Spectroscope as an Aid to Fore- ‘ Quart. J. Mctcorol. Soc.’ 

casting Weather. (Bead June 20.) ix. 234-239. 

W. de W. Abney and The Influence of Water in the Atmo- ‘ Proc. Boy. SoC.* xxxv. 
B. Testing. * sphere on the Solar Spectrum and 328-341; ‘J.Chem.Soc.* 

Solar Temperature. (Becd. June 14. xlvi. 241 (Abs.); ‘Bei* 
Bead June 21.) blatter,’ viii. 507 (Abs.) 

T. W. Backhouse . The Spectrum of the Aurora . . ‘Nature,’xxviii. 209-212. 

Bgorofl * . . Sur la production des groupes tel- ‘C. B.’ xcvii. 555-557; 

luriques fondamentaux A et B du ‘ Beibliltier/ vii. 850- 
spectre solaire par une couche ab- 800 (Abs.); ‘ Am. J..’’ 
sorbante d’oxygene. (Bead Aug. [8] xxvi. “477 (Abs.) 

27.) 

N. V, Konkoly. . | Spectra of two hundred and fourteen ‘ Observatory,’ 1883, 267- 

i Flashes of Lightning observed at 268; ‘ Boibliltter,’ vii« 

j the Astrophysical Observatorjr, 862 (Abs.) 

j Her4ny, Hungary. 

■W, B. Manley . . j The Green Sun. (Sept. 24) . . ‘Nature,’ xxviii. 611-612. 

C. MicMe Smith , ! The Green Sun. (Oct. 10) . . „ xxix. 28. 

Thollon and Tripled j Etudes faites au sommet du Tic du ‘ 0. Pv.’ xcvii. 834-836 ; 

Midi, en vue de I’etablissement ‘Nature,’ xxix. 7-8; 

d’une station astronomique per- ‘ Beiblatter,’ viii. 824 

manente. (Bead Oct. 15.) (Abs.) 

Winslow Upton . The Use of the Spectroscope in Me- ‘ Mem. Spettr. ilal.’ xiii. 

I teorological Observations. (United 113-118. 

i States War Department. Signal 

I Service Notes, No. 4, 1883.) 


1884. 

C. Michie Smith . j The Bemarkable Sunsets. (Jan. 23.) ‘Nature,’ xxix. 381-382. 

A. Cornu. . , ’ J^tude spectrale du groupe de raies ‘C. B.’ xcviii. 1G9-176;’ 

i telluriques nomme a par Ingstrom. * Nature,’ xxix 35 1 

. i (Bead Jan. 28.) (Abs.) j ‘BcibliHtor,’ viiL 

I ^ 306-307 (Abs.) 

» * . . Etude spectrale du groupe de raies ‘ J. de Phys.’ [21 iii, 109- 

telluriques nomm§ a (Alpha) par 117. 

Angstrom. 

C. Piazzi Smyth . Rain-band Spectroscopy Attacked ‘Nature,’xxix. 525. 

, Again. (March 25.) 


CHEMICAL EELATIONS. 

1881. 

^ <1* < 

H.Settegast . - B^timinTing der SalpetersSure nnd ‘Zeitsohr. anal. Chem* 

Phosphoraanreaufspeotralanalyti- sx XlC-117. 
schem Wege, 
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B. I'lasselberg . 

H. Tbal6n 

W.K Hartley. 

0. W. Huntington . 

W, Wleugel . 
Fi6vez , 

L. Thollon . 

A. ^VLIlhler • 

AV. do W. Abney . 

J. H. Gladstone 
iMenclelcjefE 

W. Brubl a 

K, Hoolt • » 

1884 , 


Chemical Relations, 1881. 

Beitragc zur Spectroscopie der Me- 
talloide, (Read April 28.) 

Spektral undersokningar rorande 
Skandium, Ytterbium Erbium ocb 
Thulium. (Read June 8.) 


! Note on Certain Photographs of the 
I Ultra-Violet Spectra of Elementary 
j Bodies. (Read June 16,1881.) 


On the Spectrum of Arsenic. (Read 
June 28.) 


Zur spcctralanalylischen Ermit- 
telung des Indiums. 

Recherches sur le spectre du mag¬ 
nesium en rapport avec la con¬ 
stitution du SoleU. 

Longueur d'ondos des bandes spec- 
trales donates par les composes 
du oar bone. (Read Aug. 1.) 

Ueber die Spectra des Wasserstoffs 
und des Acetylens. (Aug. 10.) 

On the Spectrum iinpres.sedon Silver 
Chloride, and its bearing on Silver 
Printing in X^hotography. (Brit. 
Assoc.) 

Observations on the Specific Refrac¬ 
tion and Dispersion of Light by 
Liquids. (Brit. Assoc.) 

Notice sur Ics nouveaur m4taux 

} obtenus du gadolinite. (Read Oct. 

I 8.20. In Russian.) 

I 

Ueber den Zusammenliang zwischen 
den optis Ihen und den thennischen 
Eigensohi ttenfiiissigerorganisoher 
Korper, (jvead Kov. 8.) 


Berichtigung . 


Alkalo'idrcactionea im Spectral- 
apparato. 


‘ Bull. Acad. Imp. S,- 
P6tersb.’ xxvii. 406-4:17. 

Ofversigt af Kgl.Vetensk. 
Akad. Forliandlingar,’ 
xxxviii. No. 6, 13-21; 
* J. de Phys.’ f2] ii. 
36-40; ‘Ber.’ xvi. 776 
(Abs.); ‘Chem. News,' 
xlvii. 217 (Abs.); <J. 
Chem. Soc.’ xliv. 954 
(Abs.) 

' J. Chem. Soo.’ xli. 84-90; 
" Chem. News,' xliii, 289 
(Abs.); ‘Beiblatter,' r. 
659-660(Abs.); vi.789- 
790 (Abs.) 

‘ Proc. Am. Acad. Boston' 
[2] ix. 35-38; *Am, J.' 
xxii. 214-217; ‘ Bei- 

blatter,’ v. 868 (Abs.) 

* Zeitschr. anal, Chem.' 
XX. 115, 

* Ann. Chim. et Phys.’ [SJ 
xxiii. 366-372. 


‘C. R.’ xciii. 260; ‘Ann 
Chim. et Phys.' [5] xxv, 
287-288. 

‘ Ann. Phys. u. Chem.’ N.F. 
xiv.365-362; ‘J.Chem. 
Soc.’xlii. 129-130 (Abs.) 

‘Chem, News,’ xliv. 184- 
186; *J. Chem. Soc.' 
xiii, 2 (Abs.) 


< Nature,'xxir. 468 (Abs.); 
‘Beiblatter,’vi.21(Abs.) 


* J.soc. phys,-ohim. -russe,' 
xiii. .517-620; ‘Bull. Soc. 
Chim.' xxxviii. 139-148. 

‘ Sitzungsb. Wien. Akad,' 
Ixxxiv. II. 817-876; 
*Monatsh, f. Chem.’ ii. 
716-774; 'Ann. der 
Chem.’ ccxi, 121-178; 

[ ‘ J, Chem. Soc.’ xlii. 263 
(Abs.); ‘Beiblatter,’vi. 
377-378 (Abs.) 

‘Ann. der Chem,’ ccxi. 
371-372; ‘ Beibliitter,’ 

vi. 377-378 (Abs) 

‘Arch. Pharm.' xix. 368- 
369; ‘Ber.’ xiv. 2844 
(Abs.) 

z 
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EEPOBT— 1884. 


Chemical Eelatioxs, 1881, 1SS2. 

H* Schroder • , 1 Untersuchtiiagen libcr die Abhiin- * Situngsb. Akad. Mliiicb- 

i gigkeit der Molecuiar-refraction en,’3882,67-104;‘Ann. 
! fliissiger Yerbindimgen von ihrer Phys. n. Chem.’K.F. xv. 

f cbemischen Zus«immenset 2 iing. 630-675; ‘ J. Chem.Soc/ 

(Bead Xov. 5.) xlii. 1153-1154 (Abs.) 

5 , . . , LTntersnchimgen liber die Abhiingig- ‘Ber.’ xiv. 2513-2516; 

keit der Moleknlarrefraktdon von der ‘ J. Chem. Soc.’xlii, 351 - 

chemischen Constitution der Verbin- 352 (Abs.) 

i dnngen. (Nov. 7. Head Nov. 14.) 

J. *W. Briihl . . j Die Beziehnng zwischen den phy- ‘ Ber.’ xiv. 2533-2539; 

i sikalischen Eigenschaften orga- ‘Am. J.’ [3] xxiii. 234- 
I nischer Korpernnd ihrer chemi- 235 (Abs.) 

; schen Constitution. (EeadNov. 14.) 

P, P. Bedson and ! Ueber die Bestimmxing des specifi- ‘ Ber.’xiv. 2549-2556; ‘ J. 
YkO. Williams. j schen Brechnngsvermogcns fester Chem. Soc.’ xlii. 351 

I Korper in ihren Lbsimgen. (Eecd. (Abs.); ‘ Beibliitter,’ vi, 

! Oct. IS. Eead Nov. 14.) 91-93 (Abs.); ‘J. de 

s Phys.’ [2] i. 377-378 

I (Abs.) 

B. Hasselberg . , j Bemerknng zu Hm. Wiillners iVnf- ‘Ann. Phys. ii. Chem.’ 

I satz: ‘ Ueber die Spectra des Was- N.F. xv. 45-49. 
serstoffs und des Acetviens.’ (Nov. 

j 1881.) 

S. Capranica . . I Le reazioni dei pigment! biliarl . ‘ Gazz. chim. ital.’ xi. 430- 

I ^ 431; ‘ Ber.’ xv. 262-263 

* (Abs.); ‘ J. Chem. Soc.’ 

I xlii. 232-233 (Abs.) 

-C. Hock . , , I Sur qiielques reactions spcctrales ‘ C. E.’ xciii. 849-861; 

5 d’aloaloides etdesglucosides. (Bead ‘ J. Chem. Soc.’xlii. 349 
I Nov. 21.) " (Abs.); ‘ Boibliltter,’ vi. 

i 232 (Abs.); ‘Ber,’ xiv. 

j 2844 (Abs.) 

J.W. Briihl . . j Ueber die Molekniarrefraktion der ‘Ber.’ xiv. 2736-2744; 

I Citracon- nnd Mesaconsruireiither. ‘ J.Chem. Soc.’ xlii. 829- 

1 (Dec. 8. Eead Dec. 12.) 830; ‘ Beiblilttcr,’ vi. 

J 376 (Abs.) 

W. de W. Abnej . | On the Effect of the Spectnim on ‘ Proc. Eoy. Soc.’ xxxiii., 

; the Haloid Salts of Silver and on 164-186; ‘ J.Chem. Soc.’ 

' Mixtures of the same. (Eecd. xlii. 666 (Abs.) 
j Dec. 6. Eead Dec. 15.) 

H, Moissan * . i Sur le chromocyannre de potassium. ‘ 0. E.’ xciii. 1079-1081; 

) (Bead Dec. 19.) ‘ Chem. News,’ xiv. 22 

: (Abs.); ‘Ben’ xv. 243- 

I (Abs.) 

J.W. Briihl . . i Ueber die Holekularrefraktion der ‘Ber.’ xiv. 2797-2801;, 

^ Methacryl- und der Crotoiisaui*e. *J. Chem. Soc.’ xlii. 

' (Eecd. Dec. 22.) 827 (Abs.); ‘ Beibliittor,’ 

vi. 477-478 (Abs.) 

F. Flawitzky * * Das molekulaxe Brechungsvermogen ‘ Ber.’ xv. 16-16, 

derTerpene. (Dec, IS, 1881, Eead 
Jan, 9, 1882.) 

1882." 

Thomsen « . Brechungsvermogen tmd Yerbren- ‘Ber.* xv. 6G-69; *J.. 

uungswarme, (Jan. 1882.) Chem. Soc.’ xlii. 667 

(Abs.); * Boiblatter,’ vi 
377-378 (Abs.) 

H..Hruss* , . Zxir quantitativeu Spektralanalyse, ‘Eepert. aualyt; Chem.*’ 

t I ii, 17-22, 
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H. Landolt . 


N. Hartley. 

” * 

G. D. Liveing and 
J. Dewar. 

Biazzi iSmytli , . 

W, X. Plartlo) . 


Dienlafait , 


0,H. Wolff ,* . 

Xiccoq de Boisbau- 
dran. 

Wiedemaim • 


G. B. Liveing and 
J. Dewar, 

/ • 


m • 


Chemical Relations, 1882. 

! Ueber die Molecularrefraction fliissL 
I ger organiscber Yerbindungen. 
j (Read Jan. 30.) 


Contributions to the Chemistry ol 
CeriiTm. Compounds. (Read. Jan. 
19.) 

The Analysis of Rhabdophane, a 
New British Mineral. (Read Jan. 
19.) 

On the Spectram of "Water. No. II. 
(Reed. Jan. 14. Read Jan. 26.) 


I On the Constitution of the Lines 
: forming the Low-Temperature 
I Spectrum of Oxygen. (Read Jan. 
I 00.) 


I Researches on the Relation of 
Molecular Btructore of Carbon 
Compounds to their Absorption 
Spectra. Part VI. On the Con¬ 
stitution of Pyridine, Picoline, 
Quinoline, and Cyanuric Acid. 

I Existence do I’acide borique en 
j quantity notable dans les lacs 
1 sal<Ss de la periode moderne et 
j dans les eaux salines naturelles, 
qu’ellcs soient on non en relation 
* avec des produits eruptifs. (Beus- 
' ieme m^moire.) 

I Einige neuen Absorptionsspektren. 


i Matiere colorante se formant dans 
I la colle de farinc. (Read B'eb. 27.) 

Leber einige von der Herren J. W. 

Briihl und V. Ecnger aufgestcllte 
! Beziehungen zwischen physikali- 
I schen Constanten chemischer Yer- j 
bindungen. (Feb.24. Eecd.Feb.28.) 

On the Spectrum of Carlwn. (Reed. 
Feb. 28. Read March 9*) , 


On the Disappearance of some 
Spectral Lines and the Variations 
of Metallic Spectra due to Mixed 
Vapours. (Reed, March 11. Read 
1 March 16.) 


ZZ9 


‘ Sitzungsb. Beri.' Akad. 
1882, G4-91; « Ann. der 
Chem.’ ccxiii. 75-112; 

‘ Beiblatter,’ vH. 843- 
$48 (Abs.) 

‘ J. Cliem. Soc.’ xli. 202- 
209; * Chem. New^s,' xlv, 
40 (Abs.) 

‘ J. Chem. Soc.’ xll. 210- 
220; ‘ Chem. News,’ xlv. 
40 (Abs.) 

‘Proc. Roy. Soc.’ xxxiii. 
274-276; ‘J.Chem.Soc.* 
xliv. 140 (Abs.); ^Bei¬ 
blatter,’ \1. 481 (Abs.) 

* Trans. Roy. Soc Edinb.* 
XXX. 419-425; ‘ Nature,' 
XXV. 403 (Abs.) ; ^ Phil. 
Mag.’ [5] xiii. 330-337: 
‘ J. de Phys.’ [2] ii. 289 
(Abs.) 

‘ J. Chem. Soc.’xli. 45-19; 
‘ Beibliitter,’ vi. 375- 
376 (Abs.) 


‘ Ann. Chim. et Phys.’ [51 
XXV. 145-167. 


‘Report. anaL ChemJ ii. 
56-r56; ‘Zoitschr. anal. 
Chem.’ xxii. 96-97; ‘Ch. 
News,’ xhdi. 178 (Abs.) 

‘0. R.* xoiv. 662-563 ;‘J. 
Chm.Soc.’xiii. 739(Abs.) 

‘Ber.’ XV. 464-470; ^Bei- 
blattcr,’ vi. 370-371 
(Abs.), 377-378 (Abs.) 


‘Proc. Roy. Soc.’ xxxiii. 
403-410;‘Chem.News,* 
xlv. 155-156 (Abs.); 
‘Nature,’ xxv. 645-546; 
* J. Chem. Soc.’ xliv, 1-2 
(Abs.); ‘ Bcibliitter,’ vi, 
675 (Abs.) 

‘Proc. Roy. Soc.’ xxxiii. 
428-434; ‘ J. Chem. Soc.’ 
xliv. 2-3 (Abs.) ; * Beib- 
liitter,’ vi. 676 (Abs.) , 
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BEPOKT — 1884 . 


E. Jleldola . 
J, Cbappuis 


B. Hasselberg . 

H. Schroder . 

IX. Landolt 

H, Schroder . 

T. W. Engelmann 


Chemical Belations, 1882. 

. i Ccntribtitions to the Chemical 
j History of the Aromatic Deriva- 
i tives of Hethane. (Bead March 16.) 

. ! Surle spectre d’absorption de I’ozone. 
: (Bead March 27.) 


^Jtude spectroscopiqne sur I’ozone . 


. \ Snr le spectre d’absorptioii de Tacide 
! pernitrique, (Bead April 3.) 


. I Cntersuchungen liber das zweite 
1 Spectrum des Wasserstotfs. (Bead 
! April 13.) 


Femere Uutersuchungen liber die 
Abhangigkeit der Molekularref rac* 
tion fliissiger Verbindungen von 
ihrer chemischen Constitution. 
(April 22.) 

jueberdie Molekularrefraktion fliis- 
1 siger organischer Verbindungen. 
j (Bead April 24.) 

I Femere Untersuchungen ilber die 
I Abhangigkeit der Molecularrefrac- 
\ tion fliissiger Verbindungen von 
1 ihrer chemischen Constitution. 

} (Aug. 24.) 

Ueber Sauerstotfausscheidung von 
j Planzenzellen im 3^Iik^ospektnlm. 

. (April 1882.) 


. Hebei* Assimilation von Hannato 
! coccus. (May 10.) 


I 


‘ J. Cliem. Soc.’ xli. 187- 

201 . 


‘ C. B/ xciv. 858-860 ; 
‘ Chem. News,’ xlv% 163 
(Abs.); ‘ J. Chem. Soc.* 
xlii. 1017 (Abb.) ; ‘ Bei- 
blatter,’ vi. 482-483 
(Abs.); 'Am. J.* [3] 
xxiv. 56-57 (Abs.) 

* Ann. de I’^colc norm.’ [2] 
xi. 137-186; ‘Bei- 
blatter,’ \iu 458 (Abs.) 

'0. R.’xciv. 946-948; ‘J. 
Chem. Soc.’ xlii. 1017 
(Abs.); ‘ Beiblatter,’ vi. 
483 (Abs.); *Am. J.’ 
[3] XXIV. 58-59 (Abs.) 

‘Mem. Acad. Imp. S.- 
Petersb.’ xxx. No. 7, 
24 pp.; ‘Phil. Mag.’[5] 
xvii. 329-353 (Abs.); 
‘ Beiblatter,’ vii. 691- 
694 (Abs.) 

‘Ber.’ XV. 994-998; ‘ J. 
Chem. Soc.’ xlii. 910- 
911 (.4bs.) 


‘Ber.’ XV. 1031-1040; ‘ J. 
Chem. Soc.’ xlii. 909- 
910 (Abs.) 

‘Ann. Phys. u. Chem.’ 
N.F. xviii. 148-176 ;‘J. 
Chem. Soc.’ xliv. 638- 
539 (Abs.) 


‘ Ondcrzockingen physiol. 
Lab. Utrecht ’ [31 vii. 
191-191); ‘rHiigcr’s Arch- 
ivj’xxvii. 485-490; *Ber.^ 
XV. 2753-2754 (Abs.); 
‘ Proc. Verb, K. Akad, v. 
Wetcnschappen, Am¬ 
sterdam,’ Feb. 25,1882, 
3-7 (Abs.); ‘Beiblatter,* 
vii, 377 (Abs.); *0hem. 
News,’ xlvii. 11 (Abs.); 
‘ Centralblatt f. Agri- 
cultur,’ xi. 673 (Abs.) 

‘ Ondcrzockingen physiol. 
Lab, Utrecht’ [3] vii. 
200-208; Proc.. Verb. 
K* Akad. v. Weten- 
schappen, Amsterdam,' 
March 25, 1882, 3-6 
(Abs.); ‘ Beiblatter,’ vii, 
377-378 (Abs.) 


1 
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Dieulatait • * 

G. Krilss . 

E. Jessen. 

Cr. G. Stokes . 

P. Plosz , 

H. E. Eoscoe and A. 
Schuster. 

^V. J. Bussell and 
W. Lapraik 

P, T. Cl&vo 

W.N. Hartley. 


G* H. Liveing and J. 
Dewar. 

»» • 


Chemical Eelations, 1882, 


Existence do la lithine et de I’acide 
borique dans les eaux de la mer 
Morte. (Bead May 15.) 

Ueber die Constitution von Losun- 
gen. (Becd. May 15. Bead May 22.) 


Photometric dcs Absorptionsspec- 
trums der Blutkdrperchcn. 


On the Cfiubcs of a Light Border j 
frequently noticed in Photographs 
just outside the Outline of a Dark 
Body seen against the Sky; with 
some Introductory Eemarks on 
Phosphorescence. fBecd, May 20. 
Bead May 25.) 

Ueber einen ncuen kiystallmischen 
farbigeu Harnbestandthcil. (May 
31.) 

The Spectrum of Terbium 


A Spectro.scopic Study of Chloro¬ 
phyll, (Bead June].) 

Note prediminaire sur le didynic. 
(Bead June 5.) 


Besearches on Spectrum Photography 
in relation to New Methods of 
Quantitative Chemical Analysis. 
Preliminary Note. (Becd, May 19. 
Bead June 15.) 


On the Bet orsal of the Metallic Lines 
as seen in Over-exposed Photo¬ 
graphs of Spectra. (Becd. May 19. 
Bead June 15.) 


‘ C. B.’ xciv. 1352-1354 ; 

‘ J. Chem. Soc.’ xlii. 
1037-1039 (Abs.) 

‘ Ber.’ XV. 1243-1249 ; ‘J. 
Chem. Soc.’ xlii. 1018- 
1019 (Abs.); ‘Bei- 

blatter,’ vi. G77-678 
(Abs.); * Am. J.’ [3] 
xxiv. 141-142 (Abs.) 

‘Zeitschr. f. Biol.* xvii. 
251-272 ; « Ber.’ xv. 952 
(Abs.) 

‘Proc. Boy. Soc.’ xxxiv. 
63-68 ; ‘ Nature,* xxvi. 
142-143; * Beibliitter, 

682-685 (Abs.) 


‘ Zeitschr. physiol. Chem.* 
vi. 604-507; * Ber.* xv. 
2626-2627 (Abs.) 

‘ J. Chem. Soc.’ xli. 283- 
287; ‘Ber.’ xv. 1280- 
1284; ‘ Beiblatter/ vi. 
790-792 (Abs.) 

‘ J. Ohm. Soc.’xli. 334-341; 

«Nature,* xxvi. 636-639; 
* Ber.* XV. 2746 (Abs.) 

‘ C. E.’ xciv. 1628-1630 ; 
‘ Chem. News,* xlv. 273; 
‘J. Chem. Soc.’xliv. 18 
(Abs.); * Ber.’ xv. 1750 
(Abs.); ‘ Beibliitter/ vi. 
771-772 (Abs.) 

‘ Proc. Boy. Soc.’ xxxiv. 
81-84; ,Ber.* xv. 2924- 
2926 (Abs.); ‘J.Chem. 
Soc.* xHv. 263-264 
(Abs.); ‘Beibliitter/vii. 
109-110* (Abs.) ‘Zeit¬ 
schr. anal Chem,’ xxii. 
539-540 (Abs.) 

‘ Proc. Boy. Soc.* xxxiv. 
84-86; ‘ J. Chem. Soc.’ 
xliv. 263 (Abs.) ; ‘ Am. 
J.’ [3] xxiv. 471^472 
(Abs.); * Beiblatter/ vii. 
27 (Abs.) 


On the Ultra-Violet Spectra of the 
Elements. Part I. (Becd. June 8. 
Bead June 15.) 


Part II, (Rccd. Jmre 15. Bead June 
16.) 


‘ Phil. Trans.’ clxxiv, 187- 
222; ‘Proc. Boy. Soc.’ 
xxxiv. 122-123 (Abs.)? 
‘ Beibliitter/ vi. 934 
(Abs.), vii, 849-866 
(Abs.); ‘ J. Chem, Soc/ 
xliv. 262 (Abs.) 

*ProC. Boy. Soo.’ xxxiv. 
123 (Abs.) 
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KEPOET — 1884 . 


G. D. Liveing and J. 
Dewar. 

B* Branner t 

C. H. Wolff . 

C. Zimmermann 

P. T. Cleve . 

E. Nensscr • 

W, A. Tilden , . 

K. Wesenclonck . 

A. Tschircb • 

E. Wiedemann 

E. Bianlj , , 

D. Saarbach . , 

T. W* Engelmann , 


Chemical Eelations, 1882. 

General Observations on the Spectra 
of Carbon and its Compounds. 
(Reed. June 12. Read June 15.) 
Sur le didyme. (Read June 26) 


TJeber den Kaehweis von Fuchsin in 
damit ge&bten Weinen durch 
Stearin. 


Untersuchungen fiber das Uran 


Quelques remarques sur le didyme. 
(Read July 3.) 

Substances colorantes de Furine 


Hydrocarbons of the Formula 
(CaHe)!!. (Brit. Assoc.) 

Untersuchungen iiber die Spectra 
der Eohlenverbindungen. 

Hikrochemische Eeactionsmetho- 
den im Dienste der technischen 
Mikroskopie (General-Yersamm- 
lung des deutschen Apotheker- 
Vereins). (Read Sept. 6.) 

IJeber die Molecularrefraction der 
geschwefelten Kohlensaureiither, 
nebst einigen Bemerkungen fiber 
Molecularrefractionen im AUgo- 
meinen. 

Dosage de Fh^moglobino dans Ic 
sang par les proc6d6s optiques. 


TJeber das Methamoglobin 


Bacterium photometiicum. EinBei- 
trag zur vergleichenden Physio¬ 
logic des Licht- und Farbensinnes. 
(Oct. 1882.) 


‘ProG. Roy. Soc,’ sxxiv. 
123-130; ‘J. Chcni. 

Soc; xliv.2Gl-2G2(Abs.) 
‘C. R,’ xciv. 1718-1710; 
‘ Chom News,’ xhi. 1G- 

17 ; ‘ J. Chom. Soc.’ xliv. 

18 (Abs.); ‘Ber.’ xv, 
2231 (Abs.) 

‘Repert. anal. Chom.* ii. 
193-194; ‘ Chem. Centr.’ 
[3] xiii. 670 (Abs.); 
‘J. Cliem. Soc.’ xliv. 
384-385 (Abs.) 

*Anii. der Chem.’ ccxiii. 

286-329; ‘Chem.News,’ 

I xlvi. 172 (Abs.); ‘ Zeit- 
schr. anal. Chem.’ xxiii. 
220-222 (Abs.) 

‘ C. R.’ xcv. 33 ; ‘ J. Clicm. 
Soc.’ xlii. 1165 (Abs.) ; 

‘ Bciblattcr,’ vi. 772 
(Abs.) 

‘ Les Mondcs ’ [3] ii. 4G8- 
469; ‘J. Chem. Soc.* 
xlvi. 93 (Abs.) 

‘ Chem. Nevrs,’ xlvi. 120- 
121; * J. Chem. Soc.’ 
xliv. 75-76 (Abs.) 

‘ Ann. Phys.ii. Chem.’N.F. 
xvii. 427-467; ‘ J. Chom. 
Soc.’ xliv. 761 (Abs.) 

‘ Arch. Pharm.’ [3] xx. 
801-812;‘J. Chem. Soc.’ 
xliv. 376-378 (Abs.) 


‘ Ann. Phvs. n. Chem.’ 
N.F. xvii, 577-580; 
‘J. Chem. Soc.’ xliv 
762(Abs.);* J.dePhys.* 
[2] ii. 139-140 (Abs.) 
‘Ann. Chim, ct Phys.’ 
[6] xxvii. 238-273; ‘ J. 
Chem. Soc.* xliv, i594- 
396 (Abs.); ‘Zoitsohr. 
anal. Chem.’ xxii. 629- 
632 (Abs.) ;‘J.de Phys.* 
[2] ii. 430 (Abs.) 

‘ Pdiiger’s Arohiv,* xxviii. 
382-388; ‘ Ber.* xv. 

2762 (Abs.) 

‘ Onderzoekingen physiol. 
Lab. Utrecht [3] vii* 
252-290; * Pfluger’s Ar- 
chivj’xxx. 96-124; ‘ Proo. 
Verb. K Akad. v.Weten- 
schappen, Amsterdam,* 
Mar, 25, 1882, 3-6 

(Abs.); ^Beiblatter,’ 
viz. 381-382 (Abs.) 
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Chemical Relations, 1882. 

Al, Nencki and N, Ueber das Urorosein, einen neuen ‘ J. pi*. Cliem.’ xxvi. 333- 
Sieber, Harnfarbstoiff. (Oct. 1882.) 336; ‘ Cliem. l^ews/ 

xlvii. 12 (Abs.); ‘J. 

! Cbem. >Soc.’ xliv. 101 

(Abs.) ; * Ber.’ xv. 3087 
(Abs.) 

C. Binz t • • Ueber das Vcrlialten von Blut und ‘ Cliem. Centr.’ 1882, 810- 

Ozon zu einander, (‘Med. C.-BL’ 811; ‘J. Chem. Soc.’’ 

ss. 721-725. Oct. 14.) xliv. 486-487 (Abs.) 

T. W. Bngelmaiin . Farbe iind Assimilation • . . '‘Onderzoekingen physiol. 

Lab. Utrecht [3] vii. 
200-233; ‘Beibliitter/ 
vii. 378-380 (Abs.); 
‘ Centr. f. Agriciiltiir- 
cbemie,’ 1883, 174-178 
i (Abs.); ‘ J. Chem, Soc.’ 

1 xliv. 819-820 (Abs.) 

11. Molilau • . Ueber Diphonyldiisoindolazofarb- ‘ Ber.* xv. 2490-2407 ; ‘ J- 

stod'e. (Kccd. Sept. 18: Read Cliem. Soc.’ xliv. 342- 

Oct. 23.) 343 (Abs.) 

J. Chappuis • . Sur les spectres d’absorption de ' J. do Pliys.’ [2] i. 494- 

I’ozone et de I’acide pernitriqne. 504. 

W. do W, Abney . Work in the Infra-red of the Spec- ‘Nature,* xxvii, 16-18; 

. tmm. ‘ Beibliitter,’ vii- 695- 

697 (Abs.); ‘ J. do Pliys.* 
[2] iii, 48 (Abs.) 

T. L. Phipson , . , On the Colouring Alatter(Ruberine) ‘Chem, News,’ xlvi. 199- 

j and the Alkaloid (Agarythrine) 200; Chem. Soc.* 

; contained in Aganex(^ ruber, xliv. 100 (Abs.) ; ‘ Ber.’ 

* ' xvi. 244 (Abs.) 

P. Friedliindor and j Ueber eiiiige im Pyridinkern sub- ‘ Ber,* xv. 2679-2685. 

A. Weinberg. i stituirtc Chinolinderivate. (Reed. 

Nov. 9. Read Nov. 13.) 

J. Herschel . . Soda Flames in Coal Fires , . * Nature,* xxvii. 78. 

Tlieulafait , . La litliine, la strontiane ct Pacide ‘0. B.’xcv. 999-1001;‘J. 

borique dans les eaiix mintoles Chem. Soc.’ xliv. 301 

, de Controxeville et Schxnznach (Abs.) 

(Suisse). (Read Nov. 20.) ^ 

Sm. . • . Flame in Coal I'ire. (Nov. 24) . ‘Nature,’xxvii. 103. 

ll. Njisiiii « . Ueber die Atomrefraktion des ‘ Ber.* xv. 2878-2892 J*. 

SoWefels. (Read Nov. 27.) Chem. Soc.’ xliv, 264- 

266(Abs.); ‘Beiblatter,* 
vii. 281-284 (Abs.) 

W. O. Ijovisoii . Note on the Application of the ‘Am, J.’ [3] xxiv. 4G9- 
>Spectropolariscope to Sugar 470, 

Analysis. 

Schlag'denhauffeii , Sur Porigine do I’arsenic et de la ‘J. de Pliarm.’ [5] vi. 

, lithine dans les eaux sulfatos 457-463; ‘J. Chem. 

' calciques. Soc.* xliv, 302 (Abs.) 

tL B, X/iveingand J. On the Origin of the Hydrocarbon *Proc, Roy. Soc.* xxsav. 
Dewar. i Flame, Spectrum, (Eecd. Doc. 14. 418-429;‘Nature,’xxvii. 

Read Dec. 21.) 267-269 ; ‘ Chem. News/ 

xlvi. 293-297; ‘Bei- 
blatter,* vii. 288-289 
(Abs.); Chem.Soc.* 

; xliv, 641-642 (Abs.) 
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Chemical Relations, 188B. 

K. Hock . . ' Ueber ^eiarhte iitheriscbe Oele . ‘ Archiv der Pharm.’ 

xxi. 17-18; 437-438; 

[ ' ‘Zeitschr. anal. Chciu,’ 

i xxiii. 241 CAbs.) 

I. Salfeld . . Ueber die Daner der spektralanaly- ‘ Report, anal. Chem/ ^ 

tischen Eeaktion von Kohlenoxyd. 1883, 35-37 ; * Archiv 

der Pliarm.’ [3] xxi. 28il 
(Abs.); ‘ J. Chem. Soc.' 
xlvi. 343-344 (Abs.) 

P. T. Cleve , • Snr le poids atomique de IVttrium. ‘ Bull. Soc. Cliim.’ xxxi.x. 

120-122; ‘Am. J.’ [3J 

; XXV. 381-382 (Abs.) 

. . le poids atomique du lanthane. ‘ Bull. Soc. Chini.’ xxxix. 

' • 151-155;‘Chem.Hews,’ 

’ xlvii. 154-155 ; ‘Am. J.* 

: [3] XXV. 381-382 (Abs.) 

Gr. D. Liveint*' . The Ultra-Violet Spectra of the Elc- ‘ Proc. Roy. Inst.’ x. 245- 
ments. (March 9.) 252; ‘ BcibUltter,’ vii. 

598-599 (Abs.) 

J. Kanonnikoir . Sur le pouvoir refringent des sub- ‘J, soc. pliys.-chim. russe/ 

stances organiques clans les disso- xv. 112-113; ‘Ber.’xvi. 

lutions. (In Russian.) 950 (Abs.)'; ‘J. pr. Chem.’ 

N.K. xxvii. 362-364. 

W. H. Hartley. . On Homologous Spectra. (Read ‘ J. Chem. Soc.’ xliii. 890- 

Marcb 16.) 400;‘Nature,’xxvii. 622 

(Abs.),* ‘Chem. News.’ 
xlvii. 188 (Abs.); ‘Am. 
J.’ [3] xxvi. 401-402 
(Abs.); ‘ Ber.’ xvi. 2659- 
‘ 2660(Abs.);‘Beibliitter,’ 

viii. 217-218 (Abs.) 

H. W. Vogel . li ! Ueber die verschiedenen Modifica- ‘Ber.' xvi. 1170-1179; 

tioiien des Bromsilbers und Chlor- ‘Beiblatter,’vii. 636-538 

silbers, (April 1883.) (Abs.) 

C. A. MacMunri . Observations on the' Colouring- ‘Proc. Roy, Soc.’ xxxv. 

Matters of the so-called Bile of 370-403; * J. Chem, Soc,’ 

Invertebrates, and on some unusual xlvi. 104-198 (Abs.) 

Urine Pigments, &c. (Reed. March 
S. Read April 5.) 

B. Brauner , . Contribution to the Chemistry of ‘ J, Chem. Soc.’ xliii. 278- 

the Cerite Metals. (Read April 5.) 289; ‘ Chem. Nows,’ xlvii. 

175 (Abs.) 

P. Barbier . . Sur les chlorhydrates liquides de ‘C. R.’ xevi. 1066-1069; 

t^rebenth^ne. (Read April 9.) * J. Chem. Soc.’ xliv. 809 

(Abs.) 

W. N. Hartley and Measurements of the Wave-lengths ‘ Phil. Trans.* olxxv. 63- 
W. E, Adeney. of Lines of HighRefrangibility in 1,37; ‘Proc. Roy. Soc.* 
the Spectra of Elementary Sub- xxxv. 148-149 (Abs.); 
stances. (Reed. March 20. Read ‘ Chem. News,’xlvii. 193- 

April 19.) 194 (Abs.); ‘ Beiblat- 

ter,’ vii. 699-600 (Abs.) 

W. N, Hartley . On the Spectrum of Beryllium, with ‘ J. Chem. Soc.’ xliii, $16- 
Observations relative to the Posi- 319; ‘ Ber.’ xvi. 1859- 
tion of that Metal among the He- 1860 (Abs.); * Am. J.’ [3] 
ments. (Read April 19.) xxvi. 316-317 (Abs.); 

‘Reibmtter,* vii. $96 

(Abs.) 
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Chemical Helations, 1883. 

J. KanonnikolT . | Uober <3as Erechungsvermogen or-J. pr. Chem.’ N.P\ xxvii. 

1 ganl>clicr Vcrbitiaungen ia^Losun- 302~3()4 ; * Beibliitter,*'^ 
.^* 011 . vii. 593- 504 (Abs.) ; ‘ J, 

Chem. Soc.’ xliv/ 1041 
(Abs.) 

S. Beformatsky . Unicrsuclmngen ilber einen ans ‘ J. pr. Cbcm.’ N.l\ xxvii. 

Allyldipvopylcarbinol erhaltencn 380-407: ^ Beibl Jitter," 

Kohlciuvas^ci*stoif: vii. 089 (Abs.) (Error in 

Title.) 

B. Nasini . . Sulla ref razionc at omi ca dello zolfo. 'Gazz. cbim. ital.’ xiii. 

296-311 ;-J.Chem.Soc.’“ 
xlvi. 149-151 (Abs.) 

Bernheimcr iiTul Sullc relazioni esistenli ira il potere j ‘ Atti della B. Acc. dci 
Nasini. rifraiigeiite e la constituzionc Lincei, Transunti’ [3], 

cbimica delle combinazioni or- vii, 227-230; ‘Gazz. 

ganiche. (Bead May 6.) cbim. ital,’xiii, 317-320; 

, * Beiblatter/ vii. 528-529 

(Abs.) 

B. Hassclberg . * Untersuchungen fiber das zweitc * M6m. Acad. Imp. S. 

Spectrum des WasserstoB’s. Zweite P^tersb.* xxxi. No. 14. 
Abliandlung. (Read May 10.) 30 pp,; * Beibliitter,’ 

viii. 381-384 (Abs.); 

‘ Mem. Spettr. ital.’ xiii. 
97-105 (Abs.) 

J. Emerson Bcjiiold.s Note on the Atomic Weight of Beryl- ‘ Proc. Roy. Soc.’xxxv. 248- 
lium. (Reed. May 8. Read May 250; * Beibliitter,’ viii. 

24.) 3-4 (Abs.) 

W. Crookes . . On Radiant Matter Spectroscopy. ‘Phil.Trans.’clxxivSGl- 

The Detection and Wide Bistribn- 918; ‘Proc. Roy, Soc.’ 
tion of Yttrium. (Bakerian Leo- xxxv. 262-271 (Abs.)'; 
ture. Reed.May 24, Read May 31.) ‘ Chem. News,'xlvii.261- 

264 (Abs.); *Ber.’ xvi. 

1689 (Abs.) ; ‘ J. Frank¬ 
lin Inst.’ Ixxxvi. 118*- 
128 ; * Beihliltter,’ vii. 
599 (Abs.); M. Chem. 
Soc.’ xlvi. 241-242(Abs,); 

‘ Chem. Newsj’xlix. 159- 
160, 169-171, 181-182, 
194-196,205-208; *Ann» 
Cbim. et Phys.’ [6] iii. 
145-187. 

J. G, Olio . . Ikdtiilgeziu-Konntmssdcr Blutfarb- ‘PMger’s Archiv f. Pby- 

stoOe. siol.’ xxxi. 240-244 ; 

*Ber.’ xvi. 2688-2689 
(Abs.) 

, . . Studicn ilber das MeibUmoglobin , ‘ Pflilger’s Arebiv f. Phy¬ 

siol.’ xxxi. 245-267; 

‘ Ber.’ xvi. 2689 (Abs.) 

A. Poebl , . . Zur Lehro von den Faulnissalka- * Ber.’xvi. 1975-1988. 

lo'iden. (June 6.) 

W. N. Hartk^v . On Line Spectra of Boron and Sili- ‘ Proc. Roy. Soc.’ xxxv. 

com (Reed. May 28, Read June 301-304 Chem. New’sJ 
21 ) xlviii. 1-2; * J. Chem. 

Soc.’ xlvi, 242 (Abs.); 
* Beibliitter,’ viii. 120 
(Abs.) » 
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EEPOKT — 1884 , 


W. X. Hartley 

T. S. Humpidge 

C. Auer von 
Weisbacli, 

H. Becquerel . 

O. Jacobsen and F. 
Wierss. 

'0. Piazzi 

*0. Kiniss and S. Oe- 
conomicles, 

P. T. Cieve . 

iP. PlusZ • • » 

E. Tlialen * 

P. T. Cieve • 

•3. Kanonnikofif 

X* Hartley , 


CHEMICAIi EELATIONS, 18S3. 
Pbesearches on Spectrum Photography 
in relation toNevrMetliods of Quan¬ 
titative Chemical Analysis. Part I. 
(Eecd. June 20* Bead June 21.) 

Beply to a Xote by Professsor J. E. 
Reynolds on the Atomic Weight of 
Glucinum or Beryllium. (Becd. 
Jmie 7. Bead June 21.) 

liber die Erden des Gadolinits von 
Ytterby. (Bead July 5.) 

Spectres d’emission infra-rouges des 
vapeurs metalliques. (Bead July 9.) 


S 

I 

i ITeber einige Berivate der Orthoto- 
I luylsiiure. (Read July 23.) 

Cyanogen in Small Induction Sparks 
j in Free Air. (July 25.) 

I Beziehungen zwischen der Zusain- 
I mensetzung und der Absorptions- 
I spektren organischer Yerbindun- 
' gen. (Becd. Aug. 10.) 

On Samarium and its Compounds . 


Ueber einige Chromogene des Hams 
und deren Berivate. (Becd. Sept. 
6 .) 

Cm de lysande spektra hos Didym 
ooh Samarium. (Bead Sept. 12.) 
(Sur les spectres brillants dii 
didyme et du samarium.) 


Om Samarium. (Bead Sept. 12) . 


Sur la relation du pouvoir lAfrin- 
gent et la composition des com¬ 
poses organiques. (In Russian. 
Read Sept. 15-27.) 


j The Investigation by means of Pho¬ 
tography of the Hltra-Yiolet Spark 
Spectra emitted by Metallic Ele¬ 
ments and their Combinations 
under Varying Conditions. (Brit. 
Assoc.) 


‘Pliil. QYans.’ clxxv. 
G2. 


‘Proc. Roy. Soc.’ xxxv, 
358-359; * Chem. News/ 
xlvii. 297; ‘ Bcibliitter,’ 
viii. 3-4: (Abs.) 

‘Sitzungsb. Wien. Akad.’ 
Ixssviii. n. 332-344. 

‘O.R.’xcvii. 71-74;* Chem. 
News,’ slviii. 46 (Ahs.) ; 
‘Nature,’ xxviii. 287 
(Abs.); ‘ Beiblatter,’ vii. 
701-702 (Abs.); ‘Am. 
J.’ [3J xxvi. 321 (Abs.); 
‘ Ber.’ xvi. 2487 (Abs.); 
‘ J. Chem. Soc.’ xlvi, 1 
(Abs.); ‘ Zeitschr. anal. 
Chem.’ xxiii. 49 (Ahs.) 

‘Ber.’xvi. 1966-1962 ;* J. 
Chem. Soc. xliv. 1121 
(Abs.) 

‘ Nature,’ xxviii. 340-341. 


!‘Ber.’xvi.2051-2056; ‘J. 
I Chem. Soo.’ xHv. 1041- 
1042 (Abs.); ‘Beiblilt- 
ter,’vii. 897-899 (Abs.) 

i ‘ J. Chem. Soc.’ xliii. 362- 
I 370; ‘ Chem. News,’ 

I xlviii. 74-76; ‘ Ber.’ xvi. 
j 2483 (Abs.) 

j ‘Zeitschr. physiol. Chem.’ 
I viii. 85-94; ‘Ber.’ xvi. 
2933-2934 (Abs.) 

‘ Ofvorsigt K. Vetonsk. 
Akad. Forhandl.’ xl. No, 
7,3-16; ‘J.derbys.’[2] 
ii. 446-449; ‘Bor.’ xv{. 
2760 (Abs.); ‘Bciblui- 
tcr,’ vii. 893-895 (Ab.s.) 

‘ Ofversigt K. Yotensk. 
Akad. Forhandl.’xl. No. 
7, 17-26; ‘ Bcibliitter,’ 
viii. 264 (Abs.) 

‘J. soc. phys.-ohim.russo,’ 
XV. 434-479; ‘Ber.’xvi. 
3047-3051 (Abs.);‘Bull. 
Soc. Chim,’ xli. 318-319 
(Abs.); ‘ Beibliitler,’viii. 
375-377 (Abs.) 

‘ Cbem. News,’ xlviii. 195- 
196 ; * Nature,’xxix. 89- 
90 ;‘J. Chem. Soc.’xlvi. 
137-138 (Abs.); ‘Bei- 
bliittcr,’ viii. 302 (Abs.) 
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A. Albitsky « 
a H. Wolf! . 

A. Tscliirclj 

C. Auei' von 
AVelsbiioh. 


1^. ’Wiedemann 

K. AVesendonok 

J, Kanonnikoll’ 


E. Nasini 

W. N. Hartley 


J. H. Stebbins. 


KFlaviisky . 


AV.N. Hartley 


Chemical Eelatiohs, 1883, 1881, 


Snr le ponvoir refringent de I’liydro- i 
carbtire, (In Eussian. 

Ecad Aug, 20-Sopt. 1.) 

Spcctralanaly t ische W ertlibcstim- 

innng vorscliiedcncr rciner Indigo- 
tinsortcii. (Oct. 1883.) 

Hie Ecindar.stcllung dcs Oliloropbyll- 
farbstoHes. (Ecad Nov. 12.) 

Untersuchungen tlber das Chloro¬ 
phyll und einige seiner Derivate. 
(Dec. 1883.) 

tjber die Erden dcs Gadolinits von 
Ytterby. II. Abhandhmg. (Eead 
Dec, 20.) 


1881. 

Note on an Observation by Professor 
Hartley. (Fob. 1884.) 


Uobor die Spectra des Fluorsili- 
ciums und dcs Siliciumwasser- 
s toll’s. 

Sur les relations entre la composi¬ 
tion et le pouvoir refringent des 
composes cliimiqucs. (Second 
mCmoire.) (Ecad Jan. 5-17.) (In 
Russian.) 


, . Sulla questione <iei doppi legami tra 
j carbonio e carbonic dal punto di 
' vista della cliimica ottica. (Read 
March 2.) 

. Et^scarohes in Sped riimPhotography 
in Keiation to New Methods of 
Quantitativti Chemical Analysis. 
Part It, (llccfl. Feb. 28. Read 
March 13.) 

, On the Spectra of the Azo-Oolours. 
(Read April 1.) 

. Note concernant le in^moire de M, 
J. Kanomiikolf sur le pouvoir r^- 
f ringent dos substances organiques. 
(In Eussian.) 

. Remarks on the Atomic Weight of 
j Beryllium. (Heed. March 13. Read 
April 3.) 


‘J. soc. phys.-chim. russe,’ 
XV. 524-526. 


•'Zeitschr. anal. Chem.’ 
xxih. 20-32. 


‘Ber.’xvi. 2731-2736 ; ‘ J, 
Gliem. Soc.’ xlv. 57-62. 

* Ann. Phys. u. Chem.’ 
N.F. xxi. 370-383. 


‘ Sitzungsb. Wien, Akad.’ 
Ixxxviii. IL 1237-1251; 
‘ Monatshefte,’ v. 1-15 ; 
‘Zeitschr. anal. Chem.’ 
xxiii. 520 (Abs.) ; 
‘Chem. News,’ li. 25 
(Abs.); ‘Zeitschr. f. 
Instrumentenkunde,’ iv. 
429-4.30 (Abs.) 


‘Chem. News,’ xlix. 117; 
* J. Chem. )Soc.’ xlvi. SOI 
(Abs.); ‘ Beiblatter,’viii. 
581 (Abs.) 

‘ Ann. Phy.s. u. Chim.’ N.F. 
xxi. 427-437 ; ‘ J. Chem. 
Soc.’ xlvi. 649 (Abs.) 

<J. soc. phys.-ohim. russc,* 

xvi. 119-131; ‘ Ber.’ 

xvii. Roferatc, 157-159 
(Abs.); ‘Nature,’ xxx. 
84 (Abs.) ; ‘ Beibliitter,’ 
viii. 493-496 (Abs.); 
‘Bull. Soc. Chim.’ xli. 
549 (Abs.); ‘J. Chem. 
Soc.’ xlviii, 1-2 (Abs.) 

* Atti R. Accad. doi Lincei,’ 
viii. 169-173; ‘Beibliit¬ 
ter,’ viii. 577-578 (Abs.) 


‘Ih’oc, Roy. Soc.’ xxxvi. 
421-422(Abs.); ‘Chem. 
News,’ xlix. 128 (Abs.) ; 
‘Beibliitter,’ viii. 705- 
706 (Abs.) 

‘J. Am. Chem. Soc.’ vi. 
117-120. 

‘ J, soc. phys.-chim. russc,’ 
xvi. 260-267, 


‘Proc. Roy. Soc.’ xxxvi. 
462-464; ‘Chem.News,’ 
xlix. 171-172 ;‘Beiblat- 
ter,’viii. 820-821 (Abs,) 
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KEPUliT—1884. 


Chemical 
A, Scliratif 

H. W.Togei . 

J. H. Crladstone 

E. ]i?asini 

J. Pariy . 

A. Morghen . 

J. KanonnikofT 
il. Morghen . 

Dieulafaifc 

IjT. Heselius 

•C. Paifdcli 

iu Mnister . 


Kelations, 1884.—Theoeetical Papees, 1880, 1881. 


’ Ueber das Disperssionsaqnivalent 
I von Diainant. (April 1884.) 


. ■ Ueber die photograph- 

, ische Scliicliteii fiir griine, gelbe 
, iind rothc Strahlen empfindlich zu 
machen. (Heed. May 14.) 

. , llefraction-equivalents of Organic 
Compounds. (Picad May 15.) 


. ; Sulla questione dei doppi legami tra 
carbonio e carbonic dal punto di 
vista della chimica ottica. (May 
1884) 

. i The Spectroscopic Examination of 
' the Vapours Evolved on Heating 
j Iron, A'C., at Atmospheric Pressure. 


Lo Spettro di a>sorbimento del va- 
pore di jodio. (June 1884.) 


Expense la note de M.Plavitsky. 
(In Eussiau.) 

Lo Spettro di assorbimento del va- 
pore di jodio. (Read June 15.) 


Les salp^tres naturels du Chili et du 
PSrou au point de vue du rubidium, 
du cjesium, du lithium et de I’acide 
borique. Consequences relatives 
aux terrains ii betteraves du nord 
de la France. (Eead June 33.) 


< Ann.Phys.u. Chcm.’N.F.. 
xxii. 424-421); ‘ J. Chem. 
Soc.’ xlviii. 14 (Abs.) 

‘Eer.’xvilll9G-1203; ‘J. 
Chem. Soc.’ xlvi. 1081 
(Abs.); * Beibliitter,’ viii, 
583-585 (Abs.) 

‘ J. Chem. Soc.’ xlv. 341- 
259; ‘ Chem. News,’ xlix. 
233 (Abs.); ‘Nature/ 
XXX. 139 (Abs.); ‘BerA 
xvii. Referatc, 55G (Abs.) 

*Gazz. chiin. ita.1.' xiV. 
150-156; ‘Bor.’ xvii. 
Referato, 559-561 (Abs.) 


‘ Chem. News,’ xlix. 241- 
242; ‘ Ber.’ xvii. Rc- 
ferate, 337 (Abs.); ‘ J. 
Chem Soc.’xlvi. 801-802 
(Abs.); ‘Beibliitter,’viii. 
C4G-647 (Abs.) 

‘Mem. Spettr. ital.’ xiii. 
127-131; ‘ Beibliitter,’ 
viii. 822-823 (Abs.) 

‘J. soc. phys.-chim. russe,’ 
xvi. 448-450. 

*Atti E. Aocad. Lincei, 
Transunti’ [3] viii. 327- 
330; ‘ Beiblilttor,’ viii. 
822-823 (Abs.) 

‘C. R.’ xcviii, 1515-1548; 
‘ Chem. News,’ 1. 45 
(Abs.) 


THEORETICAL PAPERS. 


1880. 


Demonstration el4mentaire des con¬ 
ditions du minimum de deviation 
d un rayon par le prisme. (In 
Russian.) 

1881. 


* J. soc,phys.-oMm. mse/ 
xii. 226-231; ‘ J. de* 
Phys,’x. 419-420 (Abs.) 

* Beiblatter,’ vi. 227-228 
(Abs.) 


Photometrische Untersuchimgen 
liber Absori>tion des Liclites in 
isotropen and anisotropen Medien. 
(July 1881.) 

On the Dynamical Theoiy of Radia- 
i tion. (Brit. Assoc.) 


‘Ann. Phys. u. Chem,’ N.F- 
xiv. 177-218; ‘Am. J.’ 
[3] xxiii. 60 (Abs.);. 
‘ J, de Phys,* [2] i. 285- 
286 (Abs.) 


*PhiI. Mag.’ [5] xii. 261- 
266; * Beibliitter,’ v. 793— 
795 (Abs.) 
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Theoretical Papers, 1881, 1882. 


h\ Kessler 


T)as Minimum der Ablenkung cines ‘Ann. Pliys.u. Clicra,’N.F. 
Liohtstrahls durcli ein Prisma. xv, 333-384. 

(Nov. 1881.) 


E. Keitclcr sind C. 
Ikilfrich. 


Photometrisclie 
(Nov. 1881.) 


XJntersuchungcn. 


‘Ann. Plivs. u. Chem ’ N.F. 
XV. 337-378; ‘Am. J.* 
[3] xxiii. 486-487 (Abs.) 


J. Froblicb . 

E. Lecher 

E. Loimnel 
H. A. Ilowkiiid 


A. Wiillucr . 

M. Weinberg 
IT. W. Vogel . 


E. Koitfler 
Mascart . 

W. Daily . ’ . 


1882. 

Expcrimentaluntersucbungen liber 
dielntensitiit des gcbcugten Lichts; 
11. (Jan. 1.) 

Ueber Ausstralilung and Absorption. 
(Read March 2.) 


Zur Theoi'ie des Lichts. (April 
1882.) 

Preliminary Notice of the Results 
accomplished in the Manufacture 
and Theory of Gratings for Optical 
I Purposes. (May 25) 


Zur Dispersion farblos durchsichtiger 
Medien. (Sept. 6.) 

Interferenzstreifen im prismatischen 
und im Beugungsspectrum. 

U eber Locky er’s Dissociationstheorie. 
(Read Nov. 2.) 


Optische Controversen. (Nov. 1882.) 

Sur les reseaux metalliqucs de M. H. 
! A. Rowland. (Read Nov. 17.) 


I 

On the Spectra formed by Curved 
I Diffraction-Gratings. (Read Jan. 
j 27.) 


‘Ann. Pliys. u. Chem.’ N.F. 
XV. 676-613; ‘J. de 
Phys.’ [2] i. 659-560 
(Abs.) 

‘Sitzungsb. Wien. Akad.* 
Ixxxv. II. 441-490; ‘Ann. 
Plijris. 11 . Chem.’ N.F. 
xvii. 477-518 (Abs.) 

‘Ann. Phys. U. Ch&ni.’ N.F. 

xvi. 427-441. 

‘ Johns-Hopkins Univ. 
Circular,’1882, 248-249; 

* Phil. Mag.’ [5] xiii. 469- 
474; ‘Nature,’xxvi. 211- 
213; ‘Am. J.’ [3] xxiv. 
63 (Abs.); ‘ Observatory, 
1882, 224-228; ‘ Zeit- 
schr. f. Instrumenten- 
kunde,’ ii., 304 (Abs.) 

‘Ann. Phys. u. Chc'in.’ N.F- 

xvii. 580-687; ‘ J. de 
Phys.’ [2] ii. 231 (Abs.) 

‘ Carl. Repert.’ xviii. 600- 
608. 

‘Bitzimgsb. Berl. Acad.’ 

1882,906-907; ‘Nature,’’ 

I xxvii. 233 ; ‘ Ann. Ph^-s. 
u. Chem.’ N.F, xix. 284- 
287; ‘ Phil. Mag.’ [6] xv. 
28-30; ‘-L Chem. Soc.’ 
xliv.762 (Abs.); ‘Chem. 
Oentralblatt,’ xiv. 34-35 
(Abs.); * Zeitsohr. anal. 
Chem.’ xxii. 539 (Abs.); 

* Chem, News,’ xlix. 201 
(Abs.) 

‘Ann. Phys.u. Chem.’N.F, 
xvUi. 387-f21, §31-663. 

‘ Soc. franQ. de Phys.’ 1882, 
232-238 ;«‘J. de Phys.’ 
[2]ii.6-ll; ‘Beiblatter,’ 

I vii. 466-468 (Abs.) 

‘ Proc. Phys. Soo,’ v. 181- 
186; ‘Phil, Mag.’[5 JXV. 
183-187 ; ‘Beiblatter,’ 
vii. 466-466 (Abs.); ‘J. 
de Phys.’ [2] hi. ,152- 
154 (Abs.)” 
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Fayt* 


J. 3Ianrer 
E. T. IJlazebrook 


It. Lorenz 
E. A. Howland 


C. E. de Eiercker 
B. T. aiazebroolv 

A. Sokolf)ft’ • 


Theoeetical Papees, 1883, 188J:. 


1883. 

Sar la constitution physique ct me- 
c^luique dti Soleil. (Head Feb. 5.) 

Siir uno objection de H. Tacchini 
relative t\ la theoiie du Soleil dans 
les ‘ ]\Ieniorie dei Spettroscopisti 
italiani.’ (Head March 26.) 

Siir la theorie de Fabsoiption atmo- 
sph^rique de la radiation solaire. 

On Curved Diffraction-gratings. 
(Head April 14.) 


. ' Theorie dcr Dispersion , 


, On Concave Gratings for Optical 
I Purposes. 


. 1 On Mr. Glazebrook’s Paper on the 
1 Aberration of Concave Gratings. 


P^echerches sur la dispereion de la 
lumi^re. (Bead Sept, 24.) 

On Curved Diffraction-gratings ; II. 


i 

' Bur la th§orie des rgseaux courbes. 
* (In Eussian.) " 


«c. li.' xcvi. nn-i-iiG]. 


xcvi. 811-816. 


‘ Arch. d(‘ G(‘lieVO ’ [3] ix. 
374-391. 

‘ Proc. Phys. Soc.’ v. 243- 
253; ‘idiil. Mag.’ [6] 
XV. 414-423; ‘ Am. J.’ 
[3] xxvi. 07 (Abs.); 
‘ Bcibliitter,' viii. 34 
(Abs.); ‘J.dePhys.’[2] 
iii. 152-154 (Abs.) 

‘Ann. Phys. u. Cliem.’ N.P. 
XX. 1-21. 

‘Am. J,’ [3] xxvi. 87--08 ? 
‘ Phil. Mag.’ [5] xvi. 197- 
210; ‘ Beibliitter,’ vii. 
862-863 (Abs.)j ‘Zeit- 
schr. f. Instrumenten- 
kunde,’ iv. 135-136 
(Abs.); ‘ J.dePhys.’[2] 
iii. 184-185 (Abs.) 

‘ Am, J.’ [3] xxvi, 214 j 
‘ Phil. Mag.’ [6] xvi. 210; 
‘ Beiblatter/ viii. 34 
(Abs.); ‘J.dePhys.’pi 
iii. 184-185 (Abs.) 

‘0. H.’ xcvii. 707-708 
(Abs.) 

‘Phil. Mag.’ [5] xvi. 377- 
381; ‘ Beiblatter,’ viii. 
34 (Abs.); * J.dePliys.' 
[2] iii. 152-154 (Abs.) 

*J. soc. phy.s.-chim, xu-ssc,' 
XV. 293-305. 


iC. Kraiewitseh 


Wolkoff « « 


E. Kraiewitscli 

W.Toigt, . 


1884. 


. : NouvcUes demonstrations des condi- *J. soc. phys.-olum, ruHSo,"' 
! tions du minimum de deviation xvi. 8-13. 

I d’un rayon dans le prisme. (In 
j Bussian.) 


. Notes 4 propos de Particle de M. ‘ J.soc.phys.-chim.russe.’ 
I jSIiaiewitsch sur le minimum de xvi. 174. 

I deviation des rayons' dans le 
prisme. (In Eussian.) 


. I Expense‘5. M. Wolkoff, (In Eussian.) 


rJ. soc. phys.-chim. russc,’ 
xvi. 269-^71* 


Deber die Theorie der Dispersion ‘Gottinger Nachr.’ 1884, 
and Absorption, speciell uber die 262-283, 
optischen Eigenstihaften des festen 
i Buchsins. (June 3884.) 



WATE-LENGTH TABLES OF THE SPECTBA OF THE ELEMENTS. 351 


Report of the Committee^ consistimj of Professor Sir H. E. Eosgoe, 
Mr. J. N. Lockyer, Professors Deh'ai^ Wolcott Gtibbs, LiVEim, 
Schuster, W. N, Hartley, Captain Abney, and Dr. Marspiall 
Watts {Secretary)^ appointed for the x^urpose of X-^'i^epamig a neiV' 
series of Wave-length Tables of the Spectra of the IJleinenis, 

In tlie following tables are brought together the chief measurements of 
the wave-lengths of the bright lines constituting the spectra of the 
elements, and of certain compounds, so far as they are known to the 
Committee'or have proved accessible. The measurements are given in 
ten-millionths of a millimetre (or tenth-metres), and are based upon the 
measurements of the Fraunhofer lines by Angstrom for the visible rays, 
and the extension of the same series of measurements into the ultra¬ 
violet portion of the spectrum made by Cornu and other observers. It 
will be well to bring together here these fundamental values of wave¬ 
length of the chief solar lines. The small corrections indicated at page 
29 of Angstrom’s Memoir, ‘Le Spectre ^Normal du Soleil,’ have been 
applied to his numbers—but they are uncorrected for the dispersion of 
air. lienee the numbers in the tables represent wave-lengths in air of 
H 0 omm pressure at Upsala, and 16° C. temperature. The numbers taken 
from Thalen’s ‘ Determination des Longeurs d’Onde des Raies Metalliques 
in the same way have had applied to them the necessary small corrections 
to bring them into harmony with the numbers finally adopted by 
Angstrom as ^ Valeurs definitives ’ (pp. 25 and 81-32). 


Featjnhopeu Lines 


A 

• • • . 

7()04'0 

L 

(Fe) . . 

. 3819-8 

R 

. « • 

6867-0 

M 

(Fe) . . 

. 3727-0 

c 

<H) . ; . 

6563-1 

N 

(Fe) . . 

. 3580'5 

•n 


(5895-13 

0 

(Fe, double) 

. 3439-8 

JU' 

JL^ ^ 

(5889-12 

P 

(Pe & Ti) . 

. 3359-2 

E 

(Ca & Fe) . 

5269-13 

Q 

(Fe) . . 

. 3284-9 


(Mg) . . 

5183-10 

R 

(Fe&Ca) . 

. 3179-0 

b, 

(Mg) . . 

, 5173-16 

r 

(Fe, double) 

. 3144-3 


(Ni&Fe) . 

5168-48 

Si 

(Ni, double). 

. 3100-61 

Ih 

(Jig & Fe) . 

5166-88 

s. 

(Pe, triple) , 

. 3099-5/’" 

E 

(H) , . 

4860-73 

s 

(Pe) . . 

. 3046-4 

U 

(Fe) . 

4307-25 

T 

(Pe, double) 

. 3019-7 

H 

(Ca) . . 

3968-] 

t 

(Pe) . . 

. 2994-3 

K 

(Oa) . . 

, 3933-0 1 

IT 

(Fc) . . 

. 2947-8 


The following symbols are employed in the tables to indicate the' 
character of the lines: 

s denotes that the line is sharply defined, 
n denotes that the line is ill-defined or nebulous, 
b denotes a band, the position of the brightest part being given. 

denotes a band sharply defined on the least refracted side, and fading away 
towards the blue. 

b' denotes a band sharply defined on its more refracted side, and fading awayr 
towards the red. 

c denotes that thd line is continuous, 
d denotes that the line is discontinuous, or a * short ’ line, 
r denotes that the line is frequently ‘ reversed.’ 

A numher within parentheses, thus: (3001*0), means that while a lino in this- 
position has been observed, no new measurement of wave-length was made 
—the wave-length being quoted from another observer. 

Tbe intensities of tiie lines are expressed upon an ascending scale* 
from 1 to 10 5 1 being tbe feeblest and 10 tbe brightest* 
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WAVE-LENGTH TABLES OF THE SPECTRA OP 
THE ELEMENTS. 


Aie. 


Spark Spectrum or Elementary Line Spectrum 

Intensity 

and 

(liaracter 

Lecoq de 
Boisbaudran 

1 Huggins 

i Kirchhoff 

j 

1 Thalen 

Hartlej- 
and Adeney 

6606 

; 6602N 

j 6603-1 

6602-3 


4s 

6560H 

i fi.j62H 

; 6562-1 

65o2*l 


7s 

0482 

i 64S2H 

6479*9 

6479-8 


5s 

6171 

1 6171KO 

6171-1 

6170-7 


5s 


i 595017 

5949-6 

5949*2 


4s 


r 594217 

5910 2 

5941-6 


lOu 

ooboo 

\ 593017 

5931-9 

5032-1 


lOn 


592517 

5929*2 

5929*6 


4s 


5768N" 


5767*1 


4s 


i 574617 


5745*1 


4s 


572617 




Is 

5711 

570917 

5710*8 

5711 1 


4s 


568617 

5685-6 

5685*6 


4s 

f5GS5 

! 568017 

6678-1 

5678-1 


lOn 


5676N 

5674-6 

5674-6 


6s 

1,5666 

5668N 

5666-6 

5666*1 


lOn 


555017 


3549-1 


4s 


554117 


5o41*l 


6s 

5534 

5534N 


5534*1 


8ii 


55281T 


5530-1 


<)S 


5524K 




Is 

5492 

549517 


5495-1 


7u 


547917 


5479*1 


6s 


5462K 


5461-6 


4s 

5454 

545317 


5453-1 


3s 


5350N 


5361*1 


2s 


533817 


5339*6 


2s 


531917 


5320-1 


2s 


53050 




Is 


51900 


5189*6 


4s 

^“5 7 7*7 

r5179K 


5184*6 


5n 

jO if# 

'i 517617 


5178-1 


4s 


'517217 


5172*1 


2s 


51630 




4s 


507iN 




2s 

5044 

504517 

6043*3 

5045*1 


8s 


502417 


5025-1 


8s 


501617 


5016*1 


6s 


501017 


! 5010-2 


6s 


500717 


5006-7 


4s 

a5003 

/5003H 

5004*6 

5005*2 


lOn 


L 499917 

5000-6 j 

5002-2 


lOii 


499317 


4993-7 


6s 


> 498617 


49S7-2 


6s 


49530 




3s 

4941 

40430 


4941*2 




483117 



I Is 


49250 


4924*5 

j 4s 


49070 


4906-1 

1 4s 


489517 


4895*'6 

to 

' -Is 


48920 



j 

4s 
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Air— continved. 



Spark Spectrum 

or Eiementary Line Spectrum 


Intensity 

and 

Character 

Lecoq de 
Boisbaudran 

Huggins 

KirchholF 

Thalcii 

Hartley 
and Adeney 


4880N 




Is 


48720 




3s 


4866N 




Is 


4868H 




4s 


48630 




2s 


4849N 




4s 

4805 

4804N 


4803-1 


8s 

4788 

4788N 


4788-1 


8s 


4781N 


4779-1 


10s 




4712 2 


4s 

4706 

47030 


4706-7 


7s 


46990 


4C98-2 


8s 


46770 


4675-2 

4674-2 

3s 


46620 


4661-7 

4660*2 

Ss 


/4648 

/4C480 

4648-9 

4649-2 

r 4647-2 

6s 


1.4640NO 

4641-4 

4642-2 

1,4641-2 

7s 





4640-2 


6s 

€h 

4633 

4629N 

4629-8 

4630Y 

4628-9 

8s 

4621N 

4620 7 

4621-2 

4619-9 

5s 



4613N 

4612 8 

4613-2 

4613-3 

5s 


,4665 

/■4608N 

4606-6 

4606-7 

4605-6 

6s 


\4600N 

4601-0 

4601-2 

4600-1 

Cs 


46960 


4596-1 

4595-0 

4s 


46880 


4590*6 

4589-3 

4s 


4553N 



4553-2 

2b 





4543-4 

2s 





4530*1 

3b 


\ 

mej ^ 



4523-0 

2a 




4513-7 

3s 




4506-6 

3s 


4496N 




Is 


4490N 




Is 


4477N 



4476-6 

3s 


44670 



4466*1 

3b 





4458-7 

3s 


"4449 

4448N 

4446-3 

4446-6 

4446-0 

7s 


4434 

4422 


4432-1 

/4432-6 

14435*9 

3b 

3a 

1 

^4417 

/ 44160 


4418-1 

4415-5 

6s 


\ 44140 


4414-1 

4413-6 

6s 





r 4402-6 

2s 


4398N 



\4394-9 

3s 



j 


4386-3 

Is 





4378-0 

3s 


43640 


4368‘1 

4365-8 

3s 





4356-4 

la 




4350*5 

4350-5 

4s 

4347 

43470N 


4347*5 

4348*2 

6s 




4346*0 

4343-9 

4s 




4333-0 

4335-9 

4s 





4330-8 

2s 





/ 4326-9 

2s 





\ 4324*6 

2s 

4318 

43180 


r4319-0 
\ 4316-5 

/ 4318*7 
\4316-2 

6s 

6s 


1884 . A A 
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Aie— eontimied. 


V 


i Spark Spectrum or Elementary" Line Spectrum 

Intensity 

i 

1 liccoq de 
\ Boisbaudran 

Huggins 

Kirchhoff 

Thiilen 

Hartley 
and Adeney 

and 

Oharactei 

1 




/4306 9 

2n 

f 




14302*0 

2n 





4290*0 

2n 


42780 

! 


r 4375*3 

2n 





\ 4274*3 

Is 

1 




/ 4265*4 

In 





\4253*4 

2s 

! 4240 

4238X 



r 4240*6 
s' 4236*4 

6n 

6x1 

s 



42300 

14228 9 

6n 

! 




4222*6 

2n 

j 




4216*5 

2n 


4206X 



f 4206*3 
\ 4197*9 

2n 

2n 


41900 


4189 5 

f4189*3 

5s 


41830 


4184*5 

\4185*1 

5s 


4170N 



/ 41768 
\4169-3 

4n 

4n 




4163-0 

4]o7*9 

In 


41490 


4149*0 

4152*7 

3s 


r414217 


4137-0 

r 4145*4 

5s 


\4130K 


\ 4132-5 

5s 




4123*0 

[4123*7 

4s 


41170 



\41190 

5s 





4110-9? 

2s 


4101X 



;4104*3 
■\ 4102*6 

5s 

5s 


4094X 



'4096*5 

ns 





4092*6 

Is 





4084-8 

2s 




4075*5 

4075*1 

Cs 


40730 


4074*0 


! 6n 




4071*5 

4071*4 

6s 


40690 


40G9‘5 1 

4069*2 

6s 





74063*5 

Is 


4038X 



\ 4057*3 

Is 



4040*1 

4041*7 

rm 





4034*4 

4n 





4025*3 

2s 


4000K 


3095*1 

3994*5 

6s 



! 


3988*5 

Is 





3983*0 

2s 





3972*5 

6s 





3967*3 

2s 





3954*8 

6s 





f3944*5 

2n 





j 3939*2 

4n 





] 3932*0 

In 





1.3929*0 

111 





3918*5 

6s 





3911*7 

4s 



( 


3892*4 

Is 

! 




3881*9 

4s 





3863*8 

2s 





3856*2 

3n 





3850*0 

2s 
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Air— continued. 


Spark Spectrum 
or Elementary- 
Line Spectrum 

i Intensitv 

! and 

(,liaraeter 

Spark Spectrum 
or Elementary 

Line Spectrum 

Intensity 

and 

Hartley and Adeney 

Hartley and Adeney 

Character 

/3841-7 

2n 

3265*2 

3s 

l. 3839-3 

4n 

3259*9 

3s 

3831-0 

4s 

3219*7 

Is 

3804-0 

2s 

3157*5 

Is 

3791-6 

2s 

3139*3 

5s 

3782*1 

2s 

3134*2 

5s 

3771*5 

2s 

3122*4 

Is 

3759-4 

2s 

3058*5 

Is 

3753*7 

2s 

r 3046-4 

2s 

3749 0 

6s 

\ 3042-5 

Is 

3739-7 

Is 

3036-0 

2s 

3726*6 

6s 

f 3024-1 

3s 

3712-2 

5s 

\ 3016*1 

2s 

3639-0 

2s 

3007-0 

6s 

73613*6 

2s 

r29S2*8 

3s 

\ 3609-0 

3s 

1 2959-5 

2s 

f3696-0 

3s 

1*2884*5 

2s 

J 3689-6 

3s 

1,2880-3 

2s 

1 3583 4 

3s 

r2823-l 

3n 

13576*0 

3s 

\ 2799-5 

2s 

3560 3 

3n 

2748-8 

Is 

3560*3? 

In 

2733*2 

2s 

3545*2 

3n 

2710-0 

2n 

3514-3 

Is 

r 2598*4 

Is 

3509*0? 

Is 

\2591-8 

2s 

3490*7 

3s 

2580-0 

2s 

3478*1 

2s 

2622*1 

3n 

3471*2 

3s 

2478*1 

4s 

3456*1 

Is 

24630 

' In 

3448*2 

Is 1 

2453*8 

2s 

3437*0 

6s 

2445*2 

5s 

3408-0 

6s 

2433*6 

6s 

3389*9 

5s 

2423*8 

3n 

3376*9 

4s 

2418*6 

2s 

3373*6 

2s 

2416*2 

Is 

3370*3 

2s 

2411*7 

Is 

3366*7 

5s 

3407*7 

Is 

3365*7 

5s 

2398*3 

Is 

3353*7 

5s 

2390*7 

Is 

3342*7 

In 

2332*2 

In 

3331*2 

6s 

2318*1 

5n 

3329*3 

6s 

2304*4 

Is 

3324*7 

2s 

2301*8 

2s 

3320*1 

3s 

2298*0 

2s 

3313*3 

Is 

2294’2 

2s 

3307*1 

Is 

2291*0 

. Is 

3301*1 

Is 

2289*3 

Is 

3289*9 

2n 

2250*2 

In 

3274*2 

2n 

2186-0 

In 


KoTE.—All tlie air-liues are continuous. 


AA2 ^ 
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EEPORT— 1884. 


* Obsei-ved also bj* Lockyer. 
t 3Sot idenfcified by Lockyer; 
leng-ths of ilie lines as given by 


Aluminium. 


i 

-- 

I. Spark Spectrum 

11. 

Arc Spectrum 

1 Lecoq de 
i Boisbaudran 

i-- 

Thalen. 

Kircliholf 

Cornu 

Livemg: 
and Dewar 


6244 

6233 


5591 

Bands 

of 

Oxide 


3962 

0943 


t6344-8 

’^6244*2<^2^ 

^6234-2(3^ 

=^‘ 5722 - 6(11 

*5690-6(1) 

*5592-7(1) 

*5056-6a) 

■'^ 4662 - 2 ^ 1 ) 

*4529-6(i> 

*4511-1(1) 

*4478*6(2) 

J396MC41 
$3943*1 (•« 
~Liveiiig 
and Dewar 
3605 
3598 
3585 


6244-6 

6233-8 

5722-3 

5696-1 


4662-1 


Hartley 
'and Adeney 
4511-0 
4477-2 
4445*2 
/ 3960-9 
13943-4 
/ 3713-4 
\ 3701-6 
f3612-6 

< 3601*2 
13584-4 
/3091-9 
1 3081-2 
rsoes'O 
13062*8 
f 3058-5 

< 3056*4 
13053-6 

3049-2 
§2880-1 
2815-3 
/ 2659-3 
L 2651-2 
2630-6 
r 2374-1 
\ 2566-D 

f2373-3 
2372 0 

< 2370-0 
2367-2 

12364-5 


3960-5 

3943*2 


3091-6 

3080-6 


2024*2 
1988*1 
1933*5 
1928*7 
1860-2 
1852 2 


(6214-2) 

(6234-2) 


(3901*1) 

(3943*1) 


3091-5 

3080-5 


2659*8 

2652*0 

2574-5 

2567-5 

2378-4 

2373-2 


2366-9 

2268-7 
2263-1 
2257-3 
2216-0 
’ 2210*0 
2205-0 


Intensity 
nnd (Character 


I. 


6sd 

6sd 

Snc 

8n<5 

lOsc 

lOsc 

4nc 

lOnc 

lOnc 

6nc 

6s(l 
6sd 
6sd 
9sc 
9sc 
6s(l 
5sd 
Osd 
9sd 
Osd 
9sc 
9sc 
5sd 
5sd 
osd 
Osd 
osd 
5sd 
5 sc 
Osd 
5sd 
.5sd 
9nd 
7sd 
7sd 

7nd 

7nd 

4Kd 

4sd 

7na 


11 . 


8r 

8r 

8r 

8r 

8 

lOr 


8n 

8n 

8n 

Sn 

n 
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Antimony. 


2 Observed also by Lecoq dc Boisbauaran in the Spark Spectrum of Atitimony Chloride solution 
t Lockyor. t 4710-9 Eirchlioff._ § JS-ut identiaed by Lockyer 


1 See Tclliuium. 


IF See Bismuth. 


I. Spvark Spectrum. 

ir. 

Ar(j Spectnin 

Inten.sjty and Character 

Pliiggiiis 

Thulen 

Kirchliolf 

Livoing 
and Dewar 

I. 

II. 

7020 




5 


GS40 




2 


6803 




r> 


6780 




5 


6742 




1 


6712 




2 


6645 




2 


* 6513 




9 


6500 




2 


6461 




2 


6392 




4 


6320 




2 


6301 

t630l'8'i^ 

0302*1 


Sscl 


6283 




4 


6243 

t0241'7'2' 

6243-0 


4sd 


6204 

t6209 2^2) 



4sd 


6189 

t6l93 5«> 



4sd 


6153 

t6155-2'3) 



•Jsd 


6125 

t*(il28-7<i) 

6128-5 


lOsc 


6076 

t'6078'2C‘> 

6074*7 


lOsc 


6050 

t’^‘6()ol*2t2) 

60500 


4sd 


6002 

t*6003'7«i 

6002*7 


lOso 


5982 

t5979'7«) 

5976*4 


4sd 


5920 




1 


6912 

f*5909*L''« 

5907-6 


8nc 


6895 

t5803-6'“> 

5893-6 


8nc 


5840 




1 


5822 




1 


5790 

t*o791-0'» 

. 


4nd 


5714 




] 


6700 




i 1 


5663 




1 


5644 




1 


5635 

t*563S-l® 

5G39-8 


8nc 


5620 




I 



f*3007-r®l 



2nd 


5565 

t’f53G7'6'2^ 

5567-3 


8no 


5460 

§*34G3-0 

6463-7 


Gnc 


5392 




1 


5379 

§*S379-2 



6nc 



§5371’6 



2sd 


5352 

§*5352-7 



2nd 


5238 

§*6241-7 



6nd 


5219 

§S208-2 



2sd 


5177 

§*6177-2 



6nd 


5139 

t*5141-2<S) 



4nd 


5112 

t*6112-7W 



4nd 


5080 




Isc 


5044 




2sc 


5031 

t*fl036-lC« 



2nd 


4948 

t*4948-7W 



Sue 


4878 

t*4877-7W 



6nd 
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EEPOET— 1884, 


Ai^TiMO'SY—cmtimi^d. 


I. Spark Spectrum 

II. 

Arc Spectrum 

Intensity and Character 

Huggins 

Tbalen 

1 Hartley 
and Adeney 

Liveing 
and De-vvar 

I. 

11. 

4832 

t4835-l«J 



4nd 


4787 

f*4786-10) 



4nd 


4768 




2 


4757 




2 


4733 

t4734-6f=*' 

j 


4nd 


4712 

t*4711-H2' 

$4714 


5nd 


4693 

t4691'2W 

4692*5 


4nd 


4622 

j 


Isc 


4600 

4599-0 


3sd 


4588 

t4S91-6iJ> 



6nc 


4506 


4506*5 


3sd 


4457 


4457-0 


3sd 




4427*5 


8sd 


4376 


4375*0 


3sd 


4349 

t4332-0'i' 

4351-5 


7sd 




4316*1 


3sd 


4264 

t4265*0<^i> 

4264*4 


6sd 


4249 




Iso 




4218*5 


3sd 


4193 


4194*5 


3sd 




4170*0 


2sd 




4140*2 


2sd 




4132*8 


2sd 





4032*0 





4026*0 


2sd 




3984*9 


3sd 




3968*4 


2sd 




/ 3964*1 


2sd 




13960*3 


2sd 




3933*2 


3sd 




3907-5 


2sd 




3849-7 


4sd 

1 



3840-2 


4sd 




3826-0 


2sd 




3771-6 


2sd 




3739-0 


8sd 




3722-4 


4sc 




3720*5 


2sd 




3686-0 


5sd 




3661-6 


5sd 




3637*6 

3637-0 

6sc 




3629*4 


6sd 




3597*8 


8nd 




/ 3566*0 


6nd 




\ 3559*1 


6nd 




/3533'7 


5sd 




\ 3520*3 


5sd 




3604*6* 


6nd 




3498*3 


6nd 




3473*9 


6nd 




3459*0 


2sd 




345M 


2sd 




3425*9 


end 




3414*7 


2sd 




3403*1 


4sd 
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Antimonv' — eontinmd. 


I. Spark 

XL Arc 

Intensity 

L Spark 

11. Arc 

Intensity 

Spectrum 

Spectrum 

and Clharacter 

Spectrum 

Spectrum 

and Character 

Hartley 

Liveinj? 

I 

ir 

Hartley 

Liveiiig 



and Adeney 

and Dewar 



and Adeney 

and Dewar 

I. 

II. 

3397*9 


4sd 


2631*2 


Csd 


3382*0 


4sc 


2616*3 


6sd 


3336*4 


8nd 


2613-7 


2sc 


3303*2 


6sd 


2611-3 


7 sc 


f 113279*7 


4so 


2597-2 

2597*5 

9sc 


113273*0 


6sc 


2589*4 


8sd 


L 3267*6 

3263-0 

6sc 


2572-7 


5sc 


f 113246*6 


6sc 


2670-1 


5sd 


i 3240*0 


8nd 


2666-7 


5sd 


L 3231*6 

3230*8 

6so 


2564-6 


6nc 



3228 0 



f2557-4 


2nd 


3196*6 


2sd 


12556-6 


2nd 


3186*0 


2sd 


2553-3 


4sc 


3167*6 


2sd 



2528-0 



3083-2 


2sd 


2549-8 


2sd 


3039 8 


Cnd 


2542-9 


6sd 


3029*0 

3028-0 

6sd 


2527-6 


9sc 


3023*7 


4sd 


2519*5 


Isc 


3021*1 


5sd 


2518-8 


4nd 


3010*4 


5sd 


2514-5 


4nd 


2979*8 


6nd 


2509*5 


4sc 


2965*2 


6nd 


2506*5 


Csd 


2921*6 


4sd 


2500*2 


2nd 


2912*7 


6sd 


2490-7 


2sd 


2890*3 


Cnd 


2489-2 


2sd 


2878*3 


4sd 


2485-7 


2sd 


i 2877*1 

2876-5 

7sc 


r 2480-4 


2sc 


2861*9 


4sd 


J T2479-4 


4sc 


2855-3 


5sd 


1 2477-3 


6sc 


2849-9 

i 

4sc 


L 2476-7 

i 

2nd 


2836*0 


4sd 


112473-4 


2sc 


2824*7 


4sc 


2470-2 


2nd 


2796*9 


4sd 


2464-4 


2nd 


/ 2789*6 


8nd 


2462-0 


2nd 


\2788-5 


6sd 


2458-8 


2nd 


' 2785*3 


5sd 


2454-6 


2nd 


2775-7 


4scl 


/ 2446-7 


2nd 


“P768-9 


7sc 


12444-8 


6sc 


2763*2 


4sd 


P438-0 


2sd 


2760*8 1 


4sd 


12425-7 

2126*0 

4sc 


2754*9 j 


4sd 


< 2423-0 


2nd 


2740*1 i 


Csd 


12421-5 


4sc 


2726-1 1 


6sc 


J 2410-3 


2sd 


2717-9 i 


6sc 


1.2408-3 


2sd 


2714*0 1 


2sd 


2405-3 


4nd 


2702-6 1 


2sd 


2403-8 


2sd 


2700-2 1 


2sd 


2399-9 


2sd 


2691-3 


5sc 


2395-3 


4sd 


2685*5 


4sd 


2383-2 

2383-3 

6sc 


2681-7 


7so 


2374-3 


6sc 


2674*0 


2sd 


P370-0 


Csd 


/ 2668*9 


7sc 


2361-3 


Cnd 


\ 2668*3 


7nd 


2860-7 


4sg 


2656-3 


5nd 


2363-0 


2sd 


t2661-7 


7sc 


2350-6 


2sd 
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EErORT — 1884 . 

Antim (mY—cotitimied. 


I. spark 
Spectrum 

11. Arc 
Spectrum 

Intensity 
and Character 

I. Spark 
Spectrum 

II. Arc 
Spectrum 

Intensity 
and Character 

Hartley 
and Adeney 

Liveing 
and Dewar 

I. i ir. 

1 Hartley 

1 and Adeney 

Liveing 
and Dewar 

I. 

II. 

23S4-2 
2331-8 
2329-7 
2325-3 
2322-1 
231G-1 
r2311-8 
\ 2306*8 
72297-0 
< 2294-0 
[2288-8 
2280-3 
2278-3 
2277-1 
2271-1 
2263-5 1 
/224S-0 
\ 2243-3 
2234-5 
72231-3 
i 2230-3 
[2229-0 ! 
2236-3 j 
2228-5 1 
2221-5 i 
2218-7 
2216-3 
2211-3 

! 

1 

2.313-0 
; 2310-0 

! 

i 

1 

! 

1 

1 

: j 

i 

i 

i 

1 

1 

1 

4nd ' 

2 nd ! 

1 2 nd i 

2 nd . 

2 nd 1 

4sd j lOr 

7SC ; 

5sc j 

osd 1 

6 sc j 

6 sc ! 

1 2 sd ! 

1 2 sd i ; 

i 2 sd i ’ 

2 sd i ! 

6 sc 1 j 

6 sc , 1 

Csc 1* 

2 ds 1 

2 ds ! ’ 

2 ds ! 

2 ds j ' 

4nc 1 1 

2 sd i ' 

4nc 1 

4ntl : ,i 

4sd ‘ ;j 

2 sd J || 

2-200-0 
f 2203 8 
2202-2 
[2200-3 

, 72192-6 
\2191-6 
2189-3 
72179-0 
\2175-8 
2170-1 
2159-4 

1 2156-0 

1 2148-8 

! 2144-4 

2142-0 

1 2139-3 

, 2135-7 

' 2126-1 
i 2122-5 
2118-0 
2110-4 
2104-2 
2096-4 
2086-3 
2075-3 
2064-8 
2050-5 
2045-3 


4nc 

2 sd 

4sc 

2 sd 

4sd 

4sd 

2 sd 

6 nc 

611 c 

6 sd 

2 sc 

23d 

2 sd 

4nc 

2 sc 

4sc 

4sd 

2 sd 

S 2 sd 
2 sd 
2 sd 
2 sd 
2 no 
Isd 
Isd 
4nc 
2 sd 
2 sd 



Arsenic. 


Spark Spectrum 

Intensity and 

Huggins 

1 Thale'n 

I 

Kirchhod' 

Huntingdon 

Character 

6404 




Inc 

6342 


I 


Inc 

6252 


1 


Inc 

6164 

6169-7 

61700 


S$c 

6131 


■ 


Inc 

6108 

6110-2 

1 Glll-2 


8nc 

6078 




2nc 

6020 

6021-7 

6021-5 

6023 

4sd 




6013 

? 

5839 



6853 

? 



Inc 




5833 

! ? 

6781 



6813 

1 ? 



Inc 

5617 



5743 

? 

5651-1 

5650-3 

5653 

8nc 

5616 



Inc 
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AeseniC— continued. 


Spark Spectrum 

Intensity and 





Character 

Huggins 

Thalen 

Kirchhoft‘ 

Huntingdon 


5590 




Inc 

5554 

6558-1 

5556-8 

5563 

8 nc 

5495 

5498 1 

5497-6 

5498 

6 nc 

5404 




Inc 

6384 




Inc 

5324 

5331-1 

6331-8 

5323 

6 nc 

5287 




Inc 




5245 

? 

5229 



5230 

5nc 




5195 

9 

51C2 



5163 

Inc 

5104 



5103 

5nc 




5013 

? 

4983 




2 nc 




4941 

? 

4888 




Inc 

4732 




Inc 


Hartley 


4623 

? 


and Adeney 


4593 

? 

4551 

4550-0 



3nc 

4537 

4538*4 



3nc 

4497 

4494-3 


4493 

8 sd 


4474 0 



8 sd 

4464 

4466-3 


4463 

8 sd 


4458-7 



8 sd 


4431-0 



Ssd 


4415-0 



3sd 

4369 

4368-7 



3sd 


4349-0 



Ssd 

4335 

4335-2 



Ssd 


4315-2 


1 4313 

Ssd 


4307-0 



Ssd 


4244-0 



Ssd 


4229-3 



Ssd 


4207-3 



Ssd 


4197-7 



Ssd 


4188-9 



Ssd 


4120-0 



Ssd 


4081*8 



Ssd 


4064-3 


! 

Ssd 


4036-0 



Ssd 


4007-0 



i Ssd 


3985-0 



: 2sd 


3948-5 



6 sd 


3930-7 



6 sd 

i 

3921*0 



Ssd 


3824-5 



Ssd 


3800*7 



2 sd 


3784*4 



6 scl 


3772 0 



2 sd 


3671*2 



3sd 


3622*4 



2 sd 


3691*9 



I Ssd 


r 3551*6 



Ssd 


13545*8 



Ssd 


3510*8 



2 sd 


3471*1 



Ssd 
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HEPORT— 1884 


Arsenic— coydi%md. 


Spark Spectrum 

Intensity 

, Spark Spectrum 

Intensity 

Spark Spectrum 

Intensity 

Hartley 
and Adeney 

and 

Character 

i) Hartley 

i! and Adeney 

and 

Character 

Hartley 
and Adeney 

and 

('Iiaracter 

3260’! 

2sd 

' f 2779-5 

lOnc 

2435-0 

3iid 

3256-2 

3sd 

< 2770-4 

2sd 

2132-5 

3sc 

3187*r 

2sd 

L2744-1 

lOsc 

2415-8 

3nd 

3181-7 

2sd 

2690-5 

2sd 

2403-4 

3nrl 

8125-4 

2sc 

2677-0 

2sd 

2402-6 

3nd 

/3119-2 

Snc 

2673-8 

2sd 

72381-0 

8 sc 

\3116-1 

8nc 

2669-5 

2sd 

' 2370-8 

Snc 

3107*7 

2nd 

26G3-5 

2sd 

12369-7 

Snc 

3075-0 

6sc 

' 2651*5 

2sd 

2362-8 

3sc 

f 3057-3 

Snc 

2630 2 

2sd 

r 2360-1 

lOnc 

\3052-6 

Snc 

2611*2 

2sd 

\ 2344-3 

8sc 

3032-2 

8sc 

72600-8 

Snc 

2320-7 

3sc 

3003-2 

3sc 

' 12597-1 

3sc 

2288-0 

lOnc 

2990-2 

6sc 

! 2593-0 

2sc 

2279-0 

2nd 

2981 *1 

3nc 

ii / 2576*0 

2sd 

2272-3 

6sc 

2958-7 

lOnd 

,, 12571-6 

2sd 

2267-5 

3sd 

2925*6 

3sd 

2559 5 

3sd 

2230-0 

One 

2898-2 

8sc 

, { 2527-9 

8sc 

2207-0 

3scl 

/ 2889*1 

3sc 

X 2526 0 

8sc i 

2182-5 

3sd 

\ 2884-2 

3so 

i' 2496-9 

3sc 

2176 8 

3sd 

2859-7 

lOso 

r 2491-9 

8sc 

2165-4 

Snc 

2843*6 

2sd 

i X 2489-1 

3sd 

2156*7 

8sd 

2836*9 

2sd 

1 2464-1 

3uc 

1 2147 8 

8sd 

2829 8 

Snc 

1 X 2461-0 

j Snc 

2144 5 

8nc 

2788-5 

2sc 

2456-2 

* 8.SC 

2135-2 

8nd 



1 2436-9 

! 8sc 1 

2112-2 

8nd 


Barium. 

* Observed in the Spark Spectram of Barium Chloride solution by Lecoq de Boisbaudrnn, \rho gives 
also the foUowing hues SS08, 5457, 5385, 5349, 5312, a5242, 5205, 5170, /36i:J(), 5105, 5064,4556. 

t Observed by Loekyer~the ‘indices’ attached to these numbers, and to those m the lourtU column, 
denote the comparative • lengths ’ of the lines as given by Lockyer. 

1 See Iron. § See Strontium. 


L Spark Spectrum j II. Arc Spectrum 

Intensity j 

and Character 

Huggins 

Thalen 

Kirchhotf Lockyer 

Livcing 
and Dewar 

I. 

II. 

6889 




Isc 


6780 




Isc 


6697 




1 


6677 



6677 

Isc 


6589 




Isc 


6523 

t*6526*30) 



6sd 


6499 

t*6496*3W 

6496*0 

(6496-3) 

lOsc 

r 


t6483*3C3> 



Osd 


6452 

t*6449*30) 



Gsd 


6344 1 

t*6343-3<0 



Gsd 



t*6140-8<« 

6141*1 


lOsc 


6113 

•(•*6110-1® 

6111*1 


6sc ] 


6064 

t*6062*2O) 

6061-4 


6sd ! 


6021 

1*6018*20) 

1 6018*4 


Gsd 


599S 

t*699i*70) 



j 0 sd 


5973 

+*5971*20) 

5968*7 


Gsd 


5904 

15904*70) 



1 2 sd 
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Baeium— contimied. 


I. Spark Spectrum 

II. Arc Spectrum 

Intensity 
and Character 

Huggins 

Thalen 

kirclilioff 

Lockyer 

Lireing 
and Dewar 

I. 

XL 

5880 





Isc 


5860 

•f*5852-6«) 

6853-1 



lOsc 


6823 

t*5827-lf« 

6827-3 



Csd 



15808 6«i 




2sd 



t*6803-6'» 
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Bismuth. 


* Observed also b.v Locoq tie Boisbaudran in the Spark Spectrum of Bismuth Ohloiide solution, 
t 4721 Mascart. X See Antimony. § See Teliunanj. il See Arsenie. 
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Becqnerel liasal3serTed infra-red lines in the Arc Spectrum of Bisnmth at 0730,8370,8250, and 7710, 
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Oadmiuji. 


Observed also by Hucrprin.'!. 

t Observed by Lecoq de Loisbaudran in the Flame Specti’nm of Cadmium Chloride and Bromide, 
i 'Ondoubtediy an air-lme. See * Air ’: Thaldn 3995, Hartley and Adeney 3994‘5. 

§ Observed bv Lecoq de Boisbaudran in the Spark Spectrum of Cadmium Chloride solution. ^ 
jj Observed also b5' Lockyer in the Spectrum of the Spark between metallic poles : the ‘ indices * 
attached to the=ie numbers denote the relative ‘lengths ’ of the lines. 

«r Origin donliti-ul. ' See Alumimum. tr See ThalUum. See Copper. 
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CESIUM. 


1 Probably due to Lithium.—Liveing and Dewar, Proc. Roy, Soc. Feb. 27,1879. 
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Calcium. 


* Observed by Lecoq de Boisbaudran in the Spark Spectrum of Calcium Chloride solution, 
t The numbers attached as ‘ indices ’ in this column denote the comparative ^ lengths ’ of the lines. 
t 4226 Maseart. § Origin doubtful—probably Iron lines. H Compare Titanium. 

** Compare Chromium, ft See Strontium. 
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Becqiierel has observed infra-red bands from 8880 to SS30 and from 8760 to 8580 
in the Arc Spectrum of Calcium. 
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Caebon. 

^ Observed also by MoiTen. t Observed also by Salet. ? Observed also by Plucker and Hittorf 
(I Observed in tbe Hydrocarbon Flame by Lecoq de Boisbaudran, who, however, gives tlie yellowish 
'green band as 5629. 

^ Observed in the Arc by Liveing and De-war. “•* Double. tt Triple. 

XX 3905-0 Lockyer. |§ 4266*3 Hartley and Adeney. 
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II. Line Spectrum 
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LookjTM has observed the following lines in the Arc Spcotram of Cerium between 
the wave-lengths 4000 and 39003098-7, 3997-3, 3993-2, 3992-4. 3991-7 3091-0 
3984-0,3980-0,3977-8, 3974-3, 3971-6, 3971-2, 396C-C, 3962'l, 3W9-8 66-0 in- i 
3941-8,3941-4,3939-2. 3937-2, 3930-6 3930-2 3923-9 3922-2 919-1 3 17-5 *P 1-9 
3911-6,3910-4.3907-8,3901-3. .sjij J., o.n< o, .wu 
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Spark Spectmm 
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linos of Chlorine at 5460, 3399, 6213, 4940, 4895, 4820, 4808, 


Chromium. 

t Som^ floBolsbaudrau in the Spark Spootmm ol Chromium Chloride solution. 


I. Spark Spectrum | II. Arc Spectrum 

Intensity 
and Character 

Huggins 1 Thalen j IvirchhofF 

1 Thalen 

Liveing 
and Dewar 

L 

IL 

6659 i ! 

6499 i ! * 

6461 ! i 

6436 i j 

6157 i 

6116 1 

6100 1 

5790 i ; 

5784 1 ! 

mo 1 ! 

5038 

5005 1 

5411. 5408-0 

0046 5342-6 

5342 ’*5341-1 

5321 *5318-1 

5409-1 


1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

a 

1 

8sc 

2sd 

2sd 

2sd 





ON WAYE-LENGTIt TABLES OF TIIE SPECTEA OF THE ELEMENTS. 381 


CIIHOMIUM —contin ited. 
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Liveing and Dewar 
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Cobalt. 

^ Observed in the Spark Spectrum of Cobalt Chloride solutioa by Leeoq de Boisbaudran, who gives 
also lines at 5524,4663,4629, 4599,4471,4372,3997. 

t Observed also by Lockj’er. The ‘indices’ attached to these numbeis, and to those by Schuster, 
represent the comparative ‘lengths’ of the lines. 

+ Not identified (Lockyer). § Double. j] See Calcium and Iron. 


I. Spark Spectram. 
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Arc Spectrum 

Intensity 
and Character. 
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Cobalt— contimied. 


I. Spark Spectrum 


Huggins 

Thalen 

Kirchhoff 

Schuster 

03^0 
5317 
5313 
5309 
5290 
5285 
5281 \ 
‘^5279/ 

§t3279-6(fl 

5279*8 

(5279*6)'^) 

5274 

*5267 

t5267-2<‘0 

5267-7 

5275*2 

(5267*2y-) 

5265 

§t5265-9C« 

6265-6 

(5265*9y5) 

*5254 

5252 

5249 

5247 

^"5234 

t5234-6M) 

5234*5 

(5254)fi> 

C5252)0'> 

(5249>i> 

(5247)(J) 

(5234-4)-'*) 

5228 

t5230*2t2) 

5230*2 

(5230*2)'-*) 

*5213 

•i-5212-2® 


(5212-2)(0 

5200 

*5180 

*5184 

*5156 

*5147 

*5128 

5103 

5074 

6061 

6054 

5028 

4967 

*4870 

f4867-iw) 

4867*6 

5158*6^-') 

f5155*l<-'*) 

\ 5134*3(3) 
5127*1(-'*) 
5110*2'3) 
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4749-2 
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*4630 
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Arc Spectrum 
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OO'&Ai.T—eoThtinued. 


Arc 8peerrum 

Spark Spectrum 

Intensity 
and Character 

Lockyer ,1 Ijockj’er 

Cornu 

3977*8 i| 3934*9 

3973*8 : 3928*3 

3972*4 ' 3921*8 

3971*5 : 3919*8 

3960*3 3916*5 1 

3957*0 i 3909*2 i 

3951*9 , 3905*8 

3951*1 i, 

3946*0 li 

3940*8 1! 

3039*7 

3937*7 

3501*8 

8462*0 

3453*2 

3443*0 

3403*8 



COPPEE. 

* Observed by Lecoq de Beisbaudran in the Spark Spectrum of solution of Copper Chloride, 
t Observed (together with the Bands of the Oxide) by Lecoq de Boibbaudran m the Spectrum given 
by Copper Chloride in the flame of a Bunsen burner. 

§ See Silver. H See Tellurium. See Cadmium, 
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lOsc 



3139*7 


2sd 


*51,52*8 

5152*7 

(■5152-8) 
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3598*9 


3sd 



2823*2 


3sd 
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Copper— continued. 
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I. 

II. 

I 

1884, 

2617-8 
2608-0 
f 2509-7 
(2598-3 
2500-1 
j 2573-0 
(2572-0 
2570*9 
2565-3 
2553-7 
2552 2 
2544*6 
/ 2538-2 
^ 2533-9 
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* These lines occur in Boscoe and Schusters Terbium Spectrum, 
t Air? X See Samarium. § Possibly due to Chlorine. 
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In 

5826-0 


In 

5822*0 


In 

5814-0 


In 


6806-2 DLLa. 

2sc 

5803-0 

6805-1 Di. La. 



Spark Spectrum 

Intensity 



and 

Thalcu 

Kirchhoff 

Character 


$6796*9 Di. La. 
5790*0 Di. La. 
5786*1 Di. La. 
5767*7 Di. La. 

2s 

5707*0 


2s 

5701*5 


Is 

5688-0 


4s 

5675*0 


4s 

5645*0 


Is 

5639-0 


2s 

5634-0 


2s 

5619-5 


3s 

5604-0 


Is 

5001*0 


In 

5593*5 

6693-2 

4s 

5586*5 

6587-1 

2s 

t56Gl*0 

5501*9 Di. La. 
6500-6 Di. La. 

2s 

$5485-0 

5484-1 Di. La. 

6s 

5478*5 

$5452*6 Di. La. 

Is 

5450-0 

2s 

5448-5 


In 

5447*0 


2s 

5442-5 


2n 

5430*5 

5431-2 

3n 

5422*0 


In 

5416*0 


Is 

5409-0 


Is 

6393*0 


In 

5382*5 


In 

5380-0 


In 

6376*5 


In 
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DiDYMWM-^co7itinuer?. 


Spark Spectrum 

Inteusifcv 

and 

Chai’actei 

Spark Spectrum 

Intensitv 

and 

Character 

ThaMn 

IvirchhofF 

Thalen 

Kirchbotf 

*5371-0 


6s 

j *4912-0 


2s 

*5360*5 

5359*9 

6s 

4901*0 


4s 

5356-5 


4s 


4899*1 Di. La. 


5322-0 


4s 

4896*5 


5s 

*5319*0 

5319*1 

8s 

4890*0 


5s 

6311*5 


2n 

4888*0 


2s 

*J5302-0 

5301*3 Di. La. 

2n 

1 4881*0 


6s 

^5292-0 


8s 

4866-0 


Is 

5286*0 


3s 

1 

4860-2 Di. la. 


5276 0 


2n 

j 4858-5 


4s 

*5272-5 

5272*7 

6s 

4824-0 


4s 

*5268-5 


2n 


4822-7 Di. La. 


*5263-5 


In 

4811-0 


4s 

5258*3 

5258*4 

4s 

4788-0 


3s 

*5254-5 

5264*6 

4s 

4778-0 


3s 

5249-5 


Is 

4763-0 


3s 

*•5248-5 

5247-9 

8s 


4746*5 Di. La. 


6239-5 


2s 


4741-0 Di. La. 


*3233-5 

5233*7 

3s 


4740-0 Di. La. 


6219*6 


2s 

4731’0 


Is 

5211*5 


In 

4724-0 


2s 

5203*6 


2s 

4718-5 


2s 

5199 0 


2s 

4716-0 


Is 

5194*0 


2s 

4709*0 


Is 

*'539)-5 

5191*8 m. La. 

6s 

4706-0 


43 

*5190'6 

6190*7 Di. La. 

6s 

*J4708-6 


2n 

6179*0 


4s 

4695-0 


2b 

6173 0 


4s 

$4688-0 


lb 

5164*5 


Is 

4682*5 


4s 

5132*5 


2s 

4679*5 


2s 

5131*5 


Is 

4670*5 


lb 

*5129*5 

6127 7 

6s 

4653*5 


2s 

5123*0 

5122*2 Di. La. 

4s 

4633*0 


4s 


5113*8 Di.La. 


4621*5 


4s 

5110 3 


4s 

4578*0 


2s 

5107 0 


2s 

4663*0 


2s 

5105*0 


3s 

4542*5 


2s 

5102*0 


4s 

*4541*5 


2s 

*5092*0 


3s 

4516*0 


2s 

5086*0 


Is 

4509*0 


2s 

50790 


3s 

4501*5 


2s 

5076*0 


3s 

4496*0 


2s 

6063 5 


2n 

*4462*5 


7s 

5034 0 


2n 

4465*5 


2s 


4999*8 Di. La. 


4461*5 


7s 


4994*2 Di. La. 


4446*0 


7s 

4989*0 


3s 

{4429*0 


4n 


4969*6 Di.La. 


4410*0 


4s 

4960 5 


2s 

*4401*0 


Is 

4958*0 


4s 

4386*5 


5s 

4054*0 


4s 

4376*0 


Is 

4043*0 


4s 

4368*0 


2s 


4933-9 Di. La. 


4357*5 


4n 

4923*5 


6s 

4351*0 


3n 


4921*5 Di, La. 


4338*5 


2s 

4920 0 

4920*7 Di. La. 

4n 

4334*6 


Is 

J4913 0 


2s 

4327*5 


6s 


002 
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BiDYMixju-^eontimted. 


Spark Spectrum 

Intensity 

atid 

Character 

, Spark Spectrum 

Intensity 

and 

Character 

Thalen 

Kirehhoff 

Thalen 

! . . 

Kirehhoff 

*1323'0 


43 

, 4252*5 


2n 

4303*0 


On 

4247*5 


4n 

4285*0 


2a : 

, 4181*0 


4n 

{4282 0 


2n 1 

4155 0 


4s 

4277*5 


n j 

4109*0 


Cs 

4272*0 


In 1 

4060*0 


6s 

4201*0 


2s 1 
1 





The following lines between the wave-lengths 3900 and 4000 have been observed 
3y Lockyer in the aro-spectriitn of Didymium, 3994*0, 39S5-o 3Q7R*« ao'r.'t.o ^ 

\Lia±‘:Z « --- 


Erbium. 


Spark 

Spectrum 

Intensity 

and 

(iJharacter 

Spark 

Spectrum 

Intensity 

and 

Character 

Spark 

Spectrum 

Intensity, 

and 

Character 

Spark 

Spectrum 

Intensity 

and 

Character 

Thale'n 

Thalen 

Thalen 

Tlialdn 

6076*0 

4 

5732*0 

2 

6041*5 

2 

4674*0 

8 

6044*0 

2 

5626*0 

1 

4951*0 

S 

4605*5 

8 

6014*5 

2 

5485-0 

4 

4899-0 

8 

4566*5 

1 

6881*0 

4 

5456*0 

2 

4871*5 

6 

4562*5 

2 

5871*0 

4 

5343*5 

6 

4830-0 

4 

4552*6 

2 

5854*0 

2 

5256*0 

8 

4819*0 

6 

4500-5 

6 

6859*0 

1 

6217*0 

6 

4794*5 

4 

4474*5 

1 

5826*0 

8 

6188*0 

6 

4762*0 

2 

4458*5 

2n 

5762*0 

6 

5164*0 

4 

4758*0 

2 

4419*0 

4 

5756 0 

4 1 

5133*0 

2 

4750*0 

1 1 

4409*0 


5738*0 

2 

5070*0 

2 

4678*0 

1 ^ ! 

4326*0 



Fluorine. 


L Flame Spectrum 

II. Spark Spectrum 

Intensity and Character 

Liveing 

Salet 

I. 

ir. 

6230 

6090 

6010 

6570 

6320 

{6920 
< 6860 

16780 

6400 

6230 




Gallium. 


I. Spark Spectrum 

IL Arc Spectrum 

Intensity and Character 

Leeoq de Boisbandran 

Liveing and Dewar 

I. 

II. 

4170 

4030 

4170 

4031 

lOsc 

6sc 

1 r 




ON TVATE-LENGTII T/VBLES OF THE SPECTEA OF THE ELEMENTS. 389 


Gold. 


■ Observed also in tlie Spark Spectrum of solution of Gold Chloride bv Locon de Bedsbaudran ^lio 
gives also lines at 5725, t^GUl, t5468, t0347, fSSlO, t5287,5259, t5242, t5212, 5173, [5143, tol25, 4UbS 4437 
4338,4314 and 4064. ’ ’ 

t Observed by Lecoq do Boisbaudrnn in the Flame Siiectnmi of Cold Cblo-ide, as well as line® at 
5477, 6437, 5418, 5364, 5338, 5363, 5223, 5179, 5158, 5103, 5080, 504i, 4996, 4516 4430 


I. 

Spark Spectrum 

II. Arc Spectrum 

Intensity and Character { 

Huggins 

Thaleii 

KirchliofF 

Liveing and Dewar 

I- 

TI. 1 

6710 




3s 

i 

6670 




Is 

i 

6660 




]S 


6457 




Is 

1 

6428 




Is 

1 

6304 




Is 


6291 




Is 


*6276 

6270*7 

6276*9 


8sc 


5961 

5960*2 

5958*2 


6sc 


*5954 

5955*2 

6954*4 


6sc 


+*5920 




Is 


6880 




In 


*6862 




2s 


*5835 

5836*1 

5837*7 


lOsc 


6790 




Is 


+5758 



1 

Is 


*5653 




Is 


5680 




In 


*5231 

5230*2 

5230*2 


lOso 


t*5067 




Is 


*4811 




Ls 


*4793 

4792*1 ’ 

4791*6 


6sc 


*4489 




3s 





3122 8 






2675*4 


r 




2427*5 


r 

! 


Hydrogen. 


Elementary Line Spectrum 

! .. i 

Angstrom 

Vogel 

) J £l4Xli 1 

1 1 

6562*1 

! 


4860*7 

4340*1 

4101*2 


3968 


3887 

3834 


3795 


3769 


Note.—C ertain lines measured by Huggins in the photographic spectra of the 
bars are, in all probability, due to Hydrogen. They have the following wave-lengths 
-3767*5, 3745*5, 3730, 3717*5, 3707*5, 3699. 
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Hydrogen. 


* Double. t Probably <lue to ilercmy. 


Compound 

Line 

Spectrum 

i 

! Intensity 
j and 

Compound 

Line 

Spectrum 

L. 

' Intensity 
j and “ 
-;Characte] 

Compound 

Line 

Spectrum 

j 

] Intensity 
and 

Com pound 
Lme 

Spectrum 

Intensity 

and 

Character 

Hasselberg 


I Hasselberg 

Hasselbero 

.1 

i 

Hasselberg 

6422-7 

2 

6022*9 

i 4 

5822-0 

4 

5G22-9 

1 

6394-3 

2 

6020-4 

1 i 

6818-8 

3 

! 5621-2 

1 

6358-5 

1 

6017-5 

1 G 

5816-1 

1 1 

5619-1 

2 

6337 6 

2 

*^6011-0 

1 

5814-5 

3 

5615-3 

1 

6323-9 

4 

1 600G-4 

! 1 

5812-0 

G 

5610-8 

4 

6300-8 

2 

! 6004.2 

1 

5804*5 

2 

5607'8 

1 

6296-9 

4 

6002-3 

4 

5803-1 

1 

5602-5 

2 

6283*4 

3 

6997*4 

1 

5799-9 

2 

5598*6 

3 

6273-0 

1 

5993*7 

3 

5797-8 

1 

5595-6 

4 

6269-6 

1 

i 5991*9 

3 

5795-2 

1 

5590-3 

2 

6237-3 

4 

5989-9 

3 

5793-3 

2 

5578-3 

2 

6232-1 

1 

5988-4 

3 

5790-5 

2 

5573-1 

2 

6224-0 

4 

5982-2 

4 

5786-3 

1 

5571-2 

2 

6200*8 

2 

5974-9 

5 

5784-5 

4 

5563*5 

1 

6198*7 

4 

5969-2 

3 

5778-2 

3 

5560*8 

1 

6196-1 

3 

5966-6 

4 

5773-8 

4 

5554*0 

2 

6182-2 

4 

5962-6 

3 

5772-0 

1 

5551-5 

3 

6175-6 

2 

fiSSO'O 

4 

6765-4 

3 

5546-7 

1 

6173-6 

4 

5955-5 

1 

5761-9 

1 

6542-3 

3 

6169-5 

3 

6949-2 

4 

6759-4 

4 

5636-4 

4 

6167-1 

1 

5946-8 

4 

5766-4 

4 

; 5532-8 

1 

6161-0 

2 

5942-9 

1 

5739-6 

1 

5529-0 

1 

6161-2 

4 

5941-2 

1 

6787-9 

1 

5626'0 

2 

6158-7 

2 

5937*9 

5 

5734-8 

4 

5523-0 

1 

6154-9 

2 

5935*4 

1 

5733-3 

2 

6520*5 

1 

6152*7 

2 

5930*8 

5 

5729-8 

4 

5517-2 

3 

6160-7 

2 

5927*5 

1 

5726-6 

4 

5514-3 

1 

6145*7 

2 

5924*2 

4 

6721-6 

1 

5506-8 

1 

6143*3 

2 

5920*1 

4 

6714*2 

2 

5504-5 

4 

6140-7 

1 

5915-6 

4 

5711*8 

2 

5498-5 

4 

6138*8 

1 

5911*3 

1 

5708-2 

1 

5494-8 

3 

6134-5 

6 

6909-0 

3 

6702*3 

3 

5403-1 

1 

6126-6 

4a 

5904-7 

1 

5699*4 

2 

5480-0 

4 

6121-0 

6 

5903-1 

2 

5696*1 

2 

5473-8 

2 

6118-4 

2 

5900-0 

2 

5693-0 

2 

5<170-G 

1 

6112-0 

1 

5897-5 

1 

5688-1 i 

4 

54G4-3 

' 1 

6107*5 

1 

5896-4 

1 

6683-1 

4 

15459-9 


6097*7 

2 

6803-4 

2 

6681*6 

4 

5456-2 

1 

6095-2 

4 

6891-2 

1 

5675*4 

1 

5454-0 

1 

6093-0 

1 

5887-9 

6 

5673-6 

1 

5451-5 

2 

6090 0 

4 

5883-5 

6 

5671-9 

2 

5446*9 

X 

*6083-9 

la 

5878-1 

4 

5669-7 

2 

5439-0 

1 

6080-0 

5 ; 

5876*5 

1 

6666-4 

2 

6433-8 

4 

6078*4 

1 

5871-4 

4 

5662-0 

1 

5430-0 

1 

6073-8 

3 

5868-8 

4 

6660-8 

3 

5427-8 

1 

6069*6 

5 

5863-9 

2 

5658-6 

2 

5425*0 

4 

*6066*8 

3 

' 5861-0 

2 

5656-7 

2 

5419-0 

4 

6062-9 

3 

5869-3 

1 

5654-6 

3 

5417-4 

2 

6055*7 

2 

5856-7 

1 

5651-5 

2 

6409*3 

1 

6062-1 

4 

5851-0 

2 

6646*4 

1 

5408-2 

1 

6047*2 

3 

5848-6 

2 

5646*2 

1 

5406-3 

1 

6044*4 

2 1 

6846*8 

1 

6641-5 

3 

6404-5 

X 

^2-3 

2 

5835*4 

4 

1 5633-4 

3 

5400-5 

2 

6040*2 

2 

6832*3 

3 

5631-0 

1 

5398-6 

2 

6031"I 

6 

6830-5 

3 

5629*3 

3 

5397*6 

X 

6027*2 

4 

6824-0 

1 

662o-8 

3 

5394-2 1 

1 
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Compound 

Line 

Spectrum 


5391-7 
5390-5 
5387-5 
5386*1 
5372-6 
5365-0 
5355-8 
5343-2 
5335-8 
5331-1 
5321-4 
5319-6 
5317*3 
5313-2 
5308-4 
5302-6 
5290-8 
5283-6 
6277*8 
5272-0 
5265-8 
5263-6 
5260-9 
5256-2 
5237-4 
5230-3 
5228-1 
5225-4 
5221-7 
5219-7 
5213-7 
5204-4 
5201-9 
5198-9 
5195-9 
5190-1 
5187-6 
5180-1 
5174-3 
5170-9 
5168-1 
5164-6 
5156-2 
5153-9 
5146-5 
5142-8 
5136-6 
5133-7 
5131-5 
5127-3 
5122-6 
5120-6 i 
5113-3 I 
5108-5 i 
5106-3 
5102-8 
5090-1 
5095-6 


Intensity | 
and ” j 
Character,' 


I Compound 
Line 

Spectrum 


~ — continued. 
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Hasselber< 


5094-2 
5089-5 
5084-6 
5081-0 

5070- 8 
5074-9 

5071- 8 
5069-5 
6067-5 
5063-3 
5061*2 
5054-2 
5048-7 
5047-1 
5040-9 
503S-9 
6029-6 
5019-8 
5015-9 
5014-1 
5012-2 
5010-8 
5007-5 
5002-7 
4997-3 
4995-8 
4989*5 
4988-6 
4982-5 
4979-6 
4978-2 
4977-3 
4975-6 
4972-5 
4968-4 
4966-1 
4960-4 
49560 
4954-9 
4952-0 
4944-2 
4941-7 
4938-8 
4935-8 
4933-5 
4931-5 
4927-9 
4924-8 
4923-6 
4918-4 
4908-2 
4905-5 
4901-0 
4900-2 
4895-6 
4890*5 
4887-7 
4885-5 


Intensity’ 

, and 
Character 


1 

1 

4 

3 

3 
2 
2 
2 

4 
4 
>2, 


3 

3 

3 

I 

3 


2 

3 

4 
2 
2 
2 
2 
1 

3 
I 
1 
1 

4 
3 
3 
1 
3 
3 

1 
1 
1 

2 
I 


2 

1 

2 

2 

2 

1 

1 

2 

2 

1 


Compound 
Line 

Spectrum 

Hasselberg 

4883-1 
4877-2 
4875-2 
I 4872-4 
i 4868-8 
j 4866*4 
'H/J4860-6 
! 4855-8 
4848-6 
4842-7 
4841-5 
4837-3 
4822-2 
4812-9 
4796-8 
4796-1 
4793-0 
4789-9 
4788-4 
■ 4785-0 
4783-7 
4781-7 
4779-8 
4776 4 
4772-9 
4769-6 
4762-5 
4742*5 
4741-9 
4740-3 
4722-3 
4720-4 
4718-3 
4713*4 
4710-3 
4708-7 
’^4701-6 
4691-2 
4689-4 
4686-0 
4685'5 
4683-7 
4683-0 
4681-7 
4679-6 
4678-3 
4674-6 
4674-0 
4672-5 
4670*7 
4667-0 
4664-9 
4662-3 
4660-7 
4659*6 
4652*3 
4644*4 


Intensity 
. and 
Character 


Componnd 

Line 

Spectrum 

Hasselberg 


Intensity 
J and 
Character 


'! 4633-6 
' 4633-1 
4630-7 
4626-9 
4624-4 
4619-9 
4617-5 
4616-8 
4606-6 
4582-0 
4580-8 
4579-4 
4577-1 
4574-8 
4571-7 
4567-2 
4564-4 
4562-9 
4561-4 
4557-S 
4556*5 
4553-3 
4550*3 
4549-0 
4547-1 
4542-9 
4538-4 
4537-1 
4533-7 
4532-1 
4528-1 i 
i 4523-0 
< 4522-3 
I 4520-4 
4514-8 
4509-8 
4504*9 
4501-0 
4497-5 
4492-8 
4489-7 
4485-2 
4476*6 
4473*7 
4466*6 
4460-6 
4458-5 
4456-4 
4455*3 
4452-6 
4450*3 
4449-2 
4447-2 
4444*7 
4443-6 
44ir-0 
4412-0 
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Indium. 


* A line observed liere when tbe Spark was token from tlie Chloride or isitrate, but not from th-a^ 
metal itself. 

^ See ^CdluLriiiLixi* ^ See 7xii 

§ 4511 and 4101, Lecoq cle BoisbaudraiT; observed in the Plame Spectrum of Indium Salts, and in the- 
Spectrum of the Spark between metallic poles. 


I, Spark Spectrum 

ir. 

Arc Spectrum 

1 Intensity and Character 

Thale'n 

Ciayden 

Hartley 

Liveinj? 

I. 

II. 

and Heycoek 

and Adeney 

and Dewar 


6906 



6s 



6193 



10s 



6114 



2n 



6095 



8n 



5922 



4n 



5905 



4tt 



5862 



2ii 



5820 



8n 



5722 



4n 



5644 



8n 



5250 



lOn 



4680 

r4681-5 


8s(l 



4656 

< 4655-2 


8sfl 



4638 

[4637-0 


8sd 


4531-6 

*4532 



8n 


§4509-6 

4510 

f4510-2 
■{ 4253-1 

(4509-6) 

lOsc 

7sd 

r 

§4101-0 

4101 

[4101-3 

(4101-0) 

9sc 

r 



f4071*6 

9sA 




J 4063-5 


9sfl 




] 4032-7 


9sd 




[4025-6 


5sd 




3862-8 


9sd 


1 


3840-5 


r>sd 


! 

3834-7 


tisd 



3794-8 


2nd 




3359-5 


2nd 




r 3257-8 


9se 




1 3255-5 


i lOno 




3246-1 


Bsc 




3236-2 


3so 




3186*2 1 

i 

3sd 




/ 3159-7 1 


3nd 




\ 3148-6 1 


3nd 




3038*7 1 


lOb'^c 




3008-0 1 


9nd 




2982-3 1 


9nd 




2956-1 


2.SO 




t2940*8 

i 

Ob'-c 




t2932-3 


7sc 




2889-8 


Osd 




2857*1 


2sc 




2839-2 


Isc 




2836-0 


2sc 




2832-1 


Iso 




j 2752-8 


5sc 




1 2750-7 


Bnd 



■ 

2738*1 


2sd 


j 

2T27-0 


2nd 




ON \TAVE-Lli)NGTII TABLES OF THE SPECTllA OF THE ELEMENTS. 393 


Indium — eontmxicd. 


Spark Spectrum 

Intensity 
and Character 

Spark Spectrum 

Intensity 
and Character 

Hartley and Adency 

Hartley and Adcuey 

12712*9 

3sc 

12423*2 

Bsd 

\2700*a 

7sc 

12422*8 

3sd 

2706*1 

Isc 

2416-:} 

Bsd 

2631*2 

3nd 

2403-5 

Bsd 

2610-8 

ISG 

2397-6 

Bsd 

/2602-r) 

3sc 

2389-8 

2sc 

12600*2 

3scl 

2388*0 

2sd 

f 2591*0 

3sd 

2385-0 

Bsd 

12686*6 

3sd 

2381*0 

Bsd 

2561*7 

3sd 

2370-7 

Bsd 

2559*5 

7so 

2357*0 

2sd 

2551*1 

3sd 

/ 2355* 8 

Isc 

J2615-8 

2sd 

12355*1 

2sd 

2527*1 

7sd 

2353*8 

2sd 

2520*9 

3sc 

2351*3 

7sd 

2192*7 

2sd 

2332*2 

2sc 

/ 2185*5 

2sd 

2306*9 

9sc 

\ 2186*1 

2sd 

2289*3 

2sd 

2178*3 

Ind 

2287*8 

2sd 

r 2170*2 

6sd 

2264*1 

Bsd 

12168*1 

3so 

2263*8 

3nd 

2462*5 

2nd 

/ 2219*2 

Bsd 

J 2160*8 

5sc 

12215*7 

3sd 

12160*3 

2nd 

2205*5 

2sd 

2117*1 

2nd 

1 2202*0 

2nd 

2113*7 

2nd 

1 / 2191*0 

Bsd 

2133*6 

3nd 

1 12191*2 

Bsd 

2131*0 

3nd 

3181*0 

Bsd 

/J2129-0 

Isc 

2156*8 

2nd 

1 2128*6 

3sd j 

2137*8 

2sd 



2078*1 

2nd 


Iodine. 


Spark Spectrum 

Intensity 

Spark Spectrum 

Intensity 

Plucker 

Salet 

PlUcker 

SHet 

6861 


2 

6073 

)36075 

9 

6825 


2 

6067 



2 

6757 


2 

5956 

75960 

10 

6690 


2 

5920 



2 

6610 


2 

5889 



2 

6576 


2 

5866 



1 

6191 


2 

5821 



2 

6B39 


2 

5790 


,5790 

6 

6292 

t 

2 

5777 


5780 

10 

6257 


4 

5763 


5765 

10 

6210 

6210 

1 

5739 ^ 


5710 

10 

6169 


2 

5713 1 


5715 

10 

6151 


2 

5705 I 



2 

6131 

o6130 

8 

5696 


5695 

9 

6087 


2 

5683 


V5685 

10 
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KEPORT — 1884 . 


Iodine— eontimied. 


1 Spark Spectrum 

i 

, Intensity 

1 Spark Spectrum 

Intensity 

Pliicker i 


Salet 

: riucker 

Salet 

504:0 



' 2 

! 5176 


2 

5682 i 


e5630 

i 10 

5166 


2 

6620 

i 

5620 

! 3 

' 5150 


2 

5607 


5610 

3 

; r>138 

iu5ir>S 

10 

5600 



i 2 

, 5107 


2 

5558 

1 



5102 


2 

5530 

! 


! ^ 

5064 

^5065 

8 

551.1 

1 


4 

5047 


2 

5490 


.5498 

i 9 

! 5028 


2 

5494 



2 

j' 4990 


2 

5482 

1 ! 


i 2 ! 

1; 4972 


2 

5468 


5470 

1 1 

4960 


2 

5460 



I 2 1 

i 4946 


2 

5441 


5447 

; 10 

4922 


2 

5423 



1 2 

4886 


2 

5402 ; 


^5407 

1 10 

4853 


4 

5377 


5370 

6 

4838 


1 

5363 

\ 


8 ! 

! 4832 


1 

5339 

„r5.S48 

10 i 

4809 


2 

5330 

^ 1 5338 

10 1 

' 

f4G75 


5314 



1 ^ i 


\466(> 


5292 1 



! 2 1 

4630 

t4634 

6 

5262 



1 ! 


r4480 


5257 





1 4470 


5235 { 

«5243 i 

i 10 i 


] 4455 


5218 



: 2 


1.4450 


5209 1 


j 

6 





Ieidium and Eothenium. 


I. Spark Spectrum 

II. Arc Spectrum 

Intensity and Character 

Kirchhoft" 

Lockyer 

I. 

11. 

6347-1 

.5449-7 


2 


5299*2 

i 

1 

3991*5 

3975*3 

3945*1 

39340 

3914*5 

3901*8 

2 





OK VA7E-LENGTH TABLES OF THE SPECTEA OF THE ELEMENTS. 395 

Ieoh. 


I. 

Spark Spectrum 

11. 

Arc Spectrum 

untensity and 
Character 

Huggins 

Thuldii 

Kirchhoff 

Angstrom 

(!orrui 

Liveing 
and Dc-war 

1. 

11. 




7146-1 

0662-5 

6603*5 

6573-0 

6545-1 

6494-2 





6407 

6490*1 

6489-7 

6489-9 



6scl 


6460 



6461-6 

6430-1 

6420-6 


6461*7 

Is 


6414 



6410-6 

6407-2 


6407-4 

Is 


6401 






Is 


6400 

^6309-3 

(6399-4) 

6399-3 



lOnc 


6386 





Is 


6360 



6357-5 

*6354-0 

(0354-0) 


Is 


6338 



6336-2 

6334-3 



Is 


6320 



6321-8 
6318-0 
0313 8 



Is 


. 6306 

^^0300*6 

6301-4 

6300-6 

6264-3 



6sd 


6254 

1 

1 



6255-2 

6253-1 

6251-2 



Is 


6246 ; 

^^6245*6 


6246-6 

6231*2 



Ssd 


6231 

*6220-9 

! 

(6229-9) 

6229-9 

6212-4 

6199-2 

: 

1 

1 

8sc 


6190 

1 

i *6100-7 

1 

! 

[ 

! 

[ 

(6190-7) 

6l90-r 
6179-1 
6172-2 
6154-1 
6148-0 
/ 6136-8 

i 

: 1 

i 

i 

1 

1 i 

I 

8so 


6138 

i *6135-8 

1 (6135-8) 

\ 6136-8 
6077-8 



8sc 


6080 ? 

i 6064'7 

6064-1 

6064-7 

6055-1 

6025-8 

i 6026*1 1 

i 

8sd 


6020 

j 6023-2 

(6023-2) 

6023-2 

€023-2 1 


6sc 



' *6019-3 

6019-3 

€019-2 ! 


4sc 



6007-5 


6007-5 

6007*6 i 


4sd 



6002-3 


6002-3 

6002-0 


4sd 



5986-4 


6986-4 

5986-0 


4sd 



5984-4 


6984-4 

5983-7 


4sd 



5983-0 


6983-0 

6982*6 


4sd 



5976-3 


5976-3 

5976*6 


4sd 



5974-8 ^ 


6974-8 

5974-2 


4sd 


6058 




5966-7 

6951-9 


Is 



* Observed by Lecoq de Boisbandran in tbe Spark Spectrum of Perric Cbioride solution. 
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EEPOET— 1884 , 


Ikon— eontinved. 


I. 

Spark Spectrum 

II 

. Arc Spectrum 

Iiitonsit 3 *and 

C3iaracter 

Huggins 

Thalen 

Kirch InfF 

Angstrom 

Cornu 

1 Liveing 
and Dewar 


II. 




5947*6 

5917*7 







5933*8 

5933*5 







5929*3 

5929-0 








5915-0 






*5915-1 

no]3;i 

5913-0 




5902 



5904*3 



is 


*5880 



5883 0 



Is 





5861*3 





5855 



5858 4 1 


Is 





5815-6 








5808-1 








*5803 6 








5797*1 








*5700-2 

! 



57S0 




1 

Is 





5774*1 

! 




*5T02-0 

(57620) 

5762*0 

i 

6s(l 





5753*6 








5730*5 








5716*8 








5713*9 


5714-1 






5710*9 






*^5708-4 


5708*4 



Gsd 





5705 0 








5700*6 








5685*0 






o681’5 


5681*3 



Csd 





5677*9 






5661-6 


5661-6 



6sd 



*5657-7 


5657*7 



lOsc 



5654*5 

j 

5654*5 



Csd 





5640*2 








5637*2 

1 




1 


5632*5 

1 



562i 

’“5623-3 j 

5623*3 

5623*3 

1 

Csd 


5612 

*5614*6 1 

(5614*6) 

5614*6 


(5614*6) 

lOsc 

r 

6601 

*5601*8 

(5601*8) 

5601*8 


lOsc 


5594 

5597*3 

oo9 /*7 

, 

lOsc 



5591-3 


5591*3 

I 

8sc 


5581 

*5585-7 

5585*3 

5585*7 


(5583*7) 

lOso 

r 




5583*8 





5575*0 


5577*6 I 

1 




(5575*0) 

5574*9 1 

‘ 

8sc 


5371 

*5571*8 

(5571*7) 

5571*8 

i 

lOso 


5569 

5568*6 

5568*0 

5568*5 



8sc 





5561*8 








6553*9 








5545*4 








5541*9 




! 




5o3i*6 








5525*9 





§6503 

/5506-0 

\.5300*6 


5500*6 



1 6sc 

I 6sc 



6496*5 


5496*4 



1 6sc 



5 Double* 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 39' 
Ieon— eontimied. 


I. Spark Spectrum 


Huggins I TliaMn 


6460 

5454 

5444 

5402 

5426 

5424 

5412 

5400 

5402 

5401 

5092 

5088 

5383 

§5370 

5360 

5365 

5363 


5322 

5318 

5314 

5312 

5299 

5289 

§5282 
5274 
IP / 5270 
'^\5269 
5267 
5262 
5256 

*5250 


I 5486-9 


*5454-8 

*5446-0 


5428-0 


*5404-9 

5403-2 

5396-2 

*5392-4 


«5382-4 

*5370-6 
5369-1 
5366-6 
5364-1 
5362-0 
5352-5 
5348-7 
I* / 5340-3 
\5339-3 


*5327*4 

5323-5 

5316-0 

*5306-6 

5301-6 

r*5282-7 
I 5281-0 

r*5269-6 
\ 5268-6 
5265-9 
5262-5 


Kirclilioff 


5462-0 
(5454-8) 
5446-6 
5444-7 
5433-3 
(5428-0) 
5423-0 
5414-6 
5410-0 
(5404 9) 
(5403-2) 

(5396-2) 

5392-0 


(5382-4) 

5370-8 

(5369-1) 

(5366-6) 

5363-8 


(5340-3) 

(5339-3) 


f 5327-7 
X 5327-2 

(5323-4) 

5316-1 

(5301-5) 

5283-0 

(5281-0) 

(5269-6) 

(5268-6) 

5265-6 


II. Arc Spectrum 


Angstrom 


5489-0 
5486-9 
5480-2 
5473-2 
5465-7 
5462-2 
5454-8 
5446-0 
5444-4 
5433-0 
5429-0 
5423-7 
5414-4 
5410-0 
5405-0 
5403-1 
5399-5 
5396-1 
5392-4 
/ 5390*4 
\ 5388-6 
5382-4 
5378-4 
5370-6 
5369-1 
5366*6 
5363-9 
5362-0 
6352-6 
5348-7 
5340-3 
5339 3 
5332-0 
6329-2 
5328-6 
r5327-7 
X 5327-1 

5323-6 
5316-0 
5306-6 
6301-0 
5287-5 
5282-7 
5281-0 
5272-4 
5269-6 
5268-6 
5265-9 
6262-5 
5254-1 
5252-5 
/6251-0 
15249-6 
§ Double. 


Cornu 


Liveing 
and Dewar 


(5446-0) 

(5428-9) 

(5404-9) 
(5396 2) 

(5370-6) 


(5327-2) 


(5268-6) 


Intensity and] 
Character 


I. II. 


4sd 


2s 

lOsc 

lOsc 

2s 

lOsc 

2s 

Is 

Is 

8sc 

8sc 

2s 

8so 

Csc 


6sc 

lOsc 

6sd 

6sd 

6sd 

4sd 

4sd 

4sd 

8sc 

8sc 


lOsc 


8sc 

8sc 


8sc 

6sd 

Is 

lOso 

lOsc 

8sc 

4sd 

Is 

Is 



398 EBPOET—1884. 


jTaiQ'S—omtmued. 


I. Spark Spectrum 

1 II. Arc Spectrum 

Intensity and 

1 Character 

Huggins 

ThaltJn 

' Kirclilioff 

O 

Angstrom 

Coinu 

Liveing 
and Dewar 

I. 

11. 




5246-1 

5242-8 





5241 



5241-3 

5234*4 



Is 


5232 

*5232-2 

(5232-1) 

5232*2 

5229*0 



lOsc 


5226 

5226*4 

(52-26-1) 

5226-4 


§(5226-0) 

lOsc 

r 

§5218 


5216-4 

5215-4 

5214-2 



Is 





*5207 S 


t5207-8 



i esd 


5202 

5203-9 


5203-9 



; 6sd 



5201*7 


5201-7 

5197-9 



j 4.scl 



5194-3 


5194*3 



! CsC 


5192 

*5191-9 

(5191*9) 

5191-9 



i 8sc 


5190 

5190*7 

(5190*7) 

5190-7 

6185-1 



1 4sc 


5180 



5179-2 



Is 



5171*3 

5170*9 

5171-3 



4sc 


bgSlSS 

t»f/ol68*5 

(5168-5) 

5168*5 



6so 

r 

b4oJ66 

\5166-9 

I (5166-9) 

5166-9 

6165*8 

6164*9 


(5166*9) 

8sc 

: 




5161*8 

I (51C1-6) 

5161*8 

6168*5 



4sc 





5151*2 

*5150-0 





5148 



5147*2 

5145*6 

5141*8 



i is 

i 

i 


5139 

*5138*8 

i 5138-8 

5138*8 

6136*7 



Bsc 


5133 


! (5133-0) 

6133*0 

5130-9 

5126*6 

5124*3 

5123*2 

5121*0 

5109*9 


i 




i 

! 


*5107*1 


6107-2 



6sc 


*5099 



6098*3 

5096*3 

5082*4 

5078*8 



2ii 





5077*9 

5075*9 

*5074-1 


(5072) 


r 




5071*8 

6068*1 

6066*3 



r 

[ (5064*5) 


*5064*3 


5064*5 

6059*8 


4sd 




5051*1 


50510 



8sc 



'' $ tia, see Hicitel; tlae solar line ba is double b*, see lilaffnesiam; the solar line is double. 
§ l]^uble. •J' See Chromium; the solar line hero is doublet 




ON WAVE-LENGTH TABLES OF THE SPECTRA OP THE ELEMENTS. 399 


Iron— cmtinued. 


I. Spark Spectrum | 

1 

! 

II. Arc Spectrum j 

[ntcnsityand 

Character 

Huggins 

ThaMn 

Kirchholf 

o 

Angstrom 

Cornu 

Liveing 
and Dewar 

I. 

IL 


^'‘5019-5 


5049*5 

5047*6 

5043*4 



8sc 



5041*3 


5041*3 



Gsc 

r 


*5040-2 


5040-2 

5038-2 

5027-2 

5026*2 

5021*5 



6sc 


5017 


(5017*8) 

5017*8 

5014*3 

5011*6 

5006*5 



3s 



*5005*3 


/3005-3 

1.5004-9 



4sd 





5003*2 






5002*1 


5002*0 

4998*8 



2stl 



4903*4 


4993*4 



2sfT 



4990-4 


4990-4 



4sd 



4988*4 


4988*4 

*4984*7 



2sd 





4983*4 
4982 5 
4981*9 
4977*8 
4972*2 
4969*4 
4969*0 
4967*7 
4967*2 
4965*2 
4961*8 


j 



4058 

*4956*8 

r4956-7 

4956-9 


(4956*9) 

lOso 

r 



14956-5 

4954*1 

4952*2 

4949*3 


1 

(4954*1) 


r 




4946*8 

*4941*4 








4938*8 

4938*4 

4932*8 

4929*3 





4923 

*4923*2 

4923 3 

4923*2 



6sc 


4920 

4919*9 

4920-3 

4919*9 


(4919*9) 

lOso 

r 


4918-3 

4918*7 

4918*3 

4909*4 

*4907*0 


(4918*3) 

8sc 

r 




4902*2 







/4891-2 

(4891*0 


(4891*6) 


r 

4803 

’^4890-5 

1(4890*4) 

14890*2 
4888*0 
4886*3 
4885*8 , 


(4890*2) 

lOsc 

r 






400 


BEPOET— 1884, 


Iron— continued,. 


I. 

Spark Spectr 

am 

II. Arc Spectrum 

Intensitj^am 

Character 

Huggins 

Thalen 

Kirchlioflf 

O 

Angstrom 

Cornu 

Livcing 
and Dewar 

I. 

IL 




4884-2 

4880*9 






4877-5 

4878-0 

4877-5 



6sd 



r^487i-4 

/C4871-5) 

74871-4 


(4871-4) 

8sc 

r 


1 4870-6 

\ 4870*8 

14870-6 


(4870*6) 

8sc 

r 




4863-5 






‘^4859-2 

(4S59-4) 

4859-2 

*4834-6 



4sd 





4842-2 
4839-0 
4835-0 
4831-8 
4802*2 
4800 0 
4797*5 






4788-7 


4788-7 



2sd 



4785*9 


4785-9 

4771*9 

4767*3 

4745-2 

4740*2 

4736-2 

4733-3 

4730-8 

4726*7 



2sd 



4709-5 


4709*5 



2sd 



4708*4 


4708*4 



2sd 



4706-6 


4706-6 



2sd 



4690-9 


4690-9 

4677-9 

4672-6 

4667-2 

4666-4 



Gsc 



4653'5 


4653-5 

4646-3 

4643-2 

4637-3 

4636-9 



6sc 



4632-1 


4682-1 

4624-4 

4618-8 



Cso 



4610-7 


4610-8 



6sc 



4602-7 


4602-7 



4sd 



4592-0 


4592-0 



Gsc 


4582 



4686-2 

t4680-8 



Is 





4678-1 

4660-0 

4546-3 

4533-3 






4528-1 


4628-1 



Gsc 





4624-2 

*4493-8 





■ 



4489-3 

4484-8 






t See Calcium and OoMiv 



ON -WATE-LENaTH TABLES OF THE SPECTRA OF THE ELEMENTS. 401 
Iron —continued. 


I. 

Spark Spectrum 

II. Arc Spectrum 

Intensity and 
Character 

Huggins 

Thalcn 

Kii-clihoff 

o 

Angstrom 

Cornu 

Liveing 
and Dewar 

I. 

II. 




4483-7 

114482-0 








4479-5 

4475-2 

4469*0 








|4458-fi 

I14447-] 








4442 3 
4441-7 
4430*0 
4426-9 






114414*8 

4414-fi 

4414-S 


(4414*8) 

lOsc 

r 



Hartley 

4-107-8 


4407*7 





andAdeney 

4406-9 





440G 

114404*3 

*1403-7 

4404-3 

4402-0 

4390-4 

4388-4 


(4104-3) 

8sc 

r 


4380 

114382 9 

t4382*C 

4382*9 


(4382*9) 

8sc 

r 


4379-2 
4375-4 
4369-2 
4367-6 
4358 2 
4332*5 


4379-1 








4343*1 

4338*0 

4343*1 



4sd 


4324 

114325*2 

$4325 0 

4325*2 


(4325-2) 

8sc 

r 


> 4314 0 

4314-6 


(4314 6) 

6sd 

r 

04307 

1 P307*2 

§4307*1 

1 4307 2 


(4307*2) 

8sc 

r 

4303 

: 4304-9 

i 4302-0 



3s 




4300 

4298*5 

1" 4208-3 
14293-3 

4298-5 

4296-8 



3sd 


4294 

4293*9 

4293-9 
4292-9 
4291-3 
4287 0 



3sd 




42S0-O 


4286 0 
4284-8 



4sd 




4281-7 

4281*9 



2sd 


4272 

' 114271 3 

4271-0 

r4271-6 
\ 4270*9 


(4271-6) 

(4270-9) 

8sc 





4268*0 
4267*3 
4266*9 
4264-2 
4263 6 

1 




4259 

114260 0 I 

! 4259-9 

1 

4260*0 

4255*2 

4253*8 



7sc 



114250-5 


4250*6 



lOsc' 



4249 8 ; 

1 4249-8 

4249*8 



8sc 



4404-3—Kircliliolf. f 4282'9—Kirchhoff. t 4325'e—Kirchlioff, _ § 4306-0—KirchlioS. 

(] Observed also by Lecoq de Boisbaudran ia tbe Spark Spectrum of Fenic Oliloride solution* 

1884. ■ DD 
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Iron— continued. 


, I* spark Spectrum 

11 

. Arc Spectrum 

Intensity an( 
Character 

Iluggins 

Thalen 

HarHey 
and Adeney 

o 

Angstrom 

Cornu 

Livoing 
and Dewar 

I. 

II. 


4247*5 


4247*5 

4245*2 

4238*8 

4238*1 

4237*4 



4sd 



1I4235-5 


4235*5 



6sd 



42330 


4233 0 
4229*0 



6sd 



*||4226'8 


4226*8 



2sd 



4221-7 


4221*7 



2sd 



4218 3 


4218*3 

4216*4 

4213*2 



2sd 



4200-9 


4209*9 

4208*3 

4207*0 

4206*3 

4205*3 

4204*3 

4203*3 



2sd 


4201 

!14201-5 

4201*4 

4201*6 

4200*0 



5sc 


5 4199 

1 

II419S-0 

4198*4 

r4198*l 

\4197*7 

4195*7 

1 4195*6 



3so 

lOsc 



j 

4191-2 


4191*2 



8sc 


I 

r4187*2 


r 4187*2 



lOsc 


j 

\ 4186*7 


\ 4186*7 

I 


lOso 



i 


4184*7 






4181*3 


4181*3 



4sd 


, 

4177*0 


4177*0 

4176*2 

4175*6 

4174*8 

4172*4 

4171*9 

4171*1 

4167*0 

4166*7 

4158*5 

4157*3 

4166*9 

4154*0 

I 


4sd 

j 

r 4151 

{14153*8 


4153*8 

4163*5 



6sd 


4151*6 


4161*5 

4160*1 



4sd 


! 

1 

; *142 

4148*6 


4148*6 

4147*0 



4gd 


I 114143*1 

4143*0 

4143*3 

4142*9 



6sc 




14138*9 

[ 


4133*9 

4132*6 

4131*9 



8sc 




* Se0 Calciam, 

11 Obswrea aJso by laooa ae Bofabanatan In &a Bpark Speatrtmi of IVailo OWoriao solution. 
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IROX —continued. 


I. Spark Spectrum 


4131 


4074 

40G7 


4017 




4131*5 


4117*8 

*4071*0 

*4002*9 


*4045 0 


4004*8 


Hartley 
and Adeiiov 


, 4071*5 
4063*0 


I 4045*4 


4005*0 


113968*7 


II. Arc Spectrum 

In tensity and 
Character 

0 
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i 
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Liveing 
and He^vat 

I. 

11. 

4131*5 
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4122*5 
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4121*3 

4120*4 

4117*8 

4084*2 



Ssc 


4071*0 

4071*1 

(4071*0) 
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r 

4062*9 

4054*3 

4051*8 

4062*9 

(4062*9) 

Ssc 

r 


4045*1 
4040 0 
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44‘.J4*1 

7 

4045 0 

I (4045*0) 

Ssc 

r 


4004*3 
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3!»‘.»7*8 
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3997*5 

3996*9 

3996-5 

3995*2 

3993*5 

3984*6 

3983*2 

3980*8 

3976*8 

3975*8 

3975*5 

3970*3 

3969*5 

3968*6 

3968*3 



3968*1 

39G6*7 

3967*0 

3965*5 

3965*1 

3964*5 

3963*6 

39621 

3959*2 

5so 



B'955*9 

i 

3955-7 

3955*5 

3954*2 

3952-1 



3951*4 

3941*8 

3951*6 
3950*1 
3948*8 
3947*8 
3947*2 
3946*7 
3946*0 
3944*2 
3943 8 
3942*5 
3941*5 j 

1 

1 



♦ Observed also in the Spark Spectrum ol Ferric Cijloride solution by LecoqL de Bois-taudran, -wlio 
gives also lines at 0095,0045,5980,59S0,5805 and 5829, jj See Calcium, 

DBS 
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I. 

Spark Speetriini 

II. Arc Spectrum 

IiiT-cnsitTand 
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Huggins 

Thalen 

Hartley 

1 and Adency 
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Cornu 
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I. 
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t 

! 
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3940*3 
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3934*7 
3934 3 




1 *3933-1 

! 
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3032-9 

3931*7 

3930*2 
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; 3920*8 

3929*5 
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1 3927*3 

1 

\ 

3927*0 

3925*3 

3924*9 

3sc 




3922*5 


1 3922*0 

:;922*o 

3sc 






I 3920*0 

3919*4 







! 3918*4 

3918*3 







I 3917*8 

3917*7 
3917*5 
3916 5 
3916'0 
3912*9 
3910 2 
3907*3 
3906*2 







3905*9 

3906*0 

3903*3 
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f3902*6 


3901*9 

and Dewar 

3sc 



1 

i 

) 3S99*a 

1 1 


3898*4 

3897*0 

(3898*4) 

* 3sc 



1 

i 

i 

L3895*1 


3894*7 

3892*6 


3sc 



i 1 

i 1 

j 

|‘38S8*1 


3888*0 

3887-4 

3886*4 

\ 

\ 

3sc 



i 

i 

[3885*7 


3886*0 

3884*7 

3880*3 

(SSSltO) 

7sc 

r 



i 

3878-1 


3877*4 


Tsc 



1 

\ 

pi872*2 


3871*3 

3870*6 
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i 

i 

[3865-2 


f 3865*5 
< 3865*2 
[3864*8 
3860*6 

1 





/ 3850-6 


3859*3 


7.S0 

r 



1,3856-1 


3855-7 

3853*7 

3852*7 

3851*8 

3850*0 


7sc 

r 





3819-1 


3849*7 

3845*9 

3844*6 

3841*0 


3sc 





^ See Calciiwu, 
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I. Spark 

II. Arc 

Intensity and S 

I. 
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II. Arc 

Intensity and 

Spectrum 

Spectrum 
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Spectrum 
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Hartley 
and Adeney 
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11- 1; 

! 

Hartley 
and Adeney 
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I. 

IL 


'3810-3 

! 3840 5 i 
\3S40-1 

7ssC 

} 

« 

3688*0 

3687-3 

3687-2 

2nd 

6sd 




3838-5 


,'i 



3685-8 




13834-0 

3833 6 

7rfC 




3685 0 




^3827-1 

3827*7 

7sc 

r ' 

f 

3683-0 

8683-9 

3nc 


* 

3825 5 

3825-3 

7sc 

1 

1 


3681-7 




,3824 0 

3821-1 

5sc 

r ! 

1 

3679-5 

3680*3 

5sc 


L 

3820-3 

*^3819 7 

7sc 

J-' i 


3676-5 

3677-6 

She 




3819-2 





8669-3 

3sc 




3816-9 


' 



3662*1 

Isd 



13815-8 

3815-3 

7sc 

r ' 



3662*0 

2sd 



3814-0 





3656*2 

2sd 


3812*6 

3812 6 

2so 




3651*7 

3nc 



'■3801-4 

3805-0 

3nc* 

, 


3619-G 

3619*1 

3nc 




3802-0 


1 



3618*6 

7sc 

1* 



3799 4 


i 


3647-6 

3616*9 




3798-1 

379S-7 

3sc> 


(3640*0 


3sc 




3796-8 



13637-8 

3637-7 

3sc 



3794-G 

3794-9 

3sc 




3633-8 





3793-3 




3631-0 

3630-9 

7sc 

r 



3792-7 





3623 7 





3792-2 


1 



3622-7 





3790-5 





3621-0 





3780-8 


i 

j 0620-3 
(3618-6 

3620*6 

3sc 



3788-0 

3787-1 

3sc 


3617*8 

7sc 



3786-2 





3616*9 




3785-4 




(3609-2 

3609*7 

7sc 



(3767-0 

3766-8 

7sc 

1* 



3608*3 




3765*3 

3765-0 

2.SC 

1 


3605*6 

3606 0 

Sue 



3763-3 

3763-4 

7sc : 


i 


3604 6 



3767-9 

3757-7 

7sc 

r i 


\3602*4 

3602-1 

Slid 



3753-4 



' 

3598-4 

3601*8 

Isd 



[3710*4 

3749-5 

9sc 



3594*9 

35910 

3no 




3748-2 




3588-2 





3745*1 

3745*5 

7sc 

r 1 

( 

3386*3 

3586*2 

2sc 



13712-7 

3742*9 

4&C 

i 

i 

3584*8 

3581-9 

3ac 


( S73fi-9 

3736*6 

7so 


! 


3581-1 

3nc 


U734-7 

3734*4 

9isC 

r 1 

N 

3581*1 

{3580 6 

9sc 



3733*2 


1 


3569*6 

3568*9 

9sc 



3732*4 


[ 

356o'0 

3561*1 

9sc : 


u 

3727-0 

4 (3727-0 
‘13726*7 

7sc 

i r 

1 

; 

1 

3558-1 

3558*1 

3556*0 

one 1 



3724-1 


i 


3554*2 

3551*0 i 

5no 


f 3722-0 

3721-9 

Isc 

i r 


r3540*9 

3511*5 1 

5nc 


13719-7 

3719-7 

7sc 

r 



3510*1 i 




3716*4 





3539*2 




3715*5 




3534*8 

3535-4 

Sue 



[3709-0 

3709-0 

6sc 


- 

3531*2 


3nc 




3707-8 


r 


3528*2 

3527-0 

Isc 




3707*5 




3526*9 

3525*7 

5sc 



13703*5 

3705*5 

Sso 

r 


3520*7 

3520*6 

5sc 



3703*7 




1.3513-3 

3513*7 

5sc 



3703-2 





3505*8 




f 3700*0 
13694*2 

3700-8 

3693*7 

23C 

2sc 




3501*8 


r 


^ SSlS'O—Mascart, • f 3728*$—Mascart % 3580-2—Mascarfc* 
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1 I 

Soark 

j TI. Arc 

1 Intensity 

, I. Spark 

IT. Arc 1 

Spectrum 

1 Spectrum 

1 and Character 

, Spectrum 

Spectrum | 

Haxtley 
and Adeney 

i 

j Cornu 

1 

1 I. 

i 

i 11. 

Hartley 
and Adeney 

Cornu 


^3496*6 

3490*8 

5sc 

1 


- 3283-4 


' 3495-9 

i 3494-0 


i 

3270*9 

3282*7 



3492*3 

3491-9 

i 5 sc 

' r 

3276*2 

3272-2 


^3489*3 

i 3489 S 

i 5sc 

i 

3271*6 



; 3488*9 

j 


3268*9 

3269*3 



1 3488*0 


i 

326.V6 




! 3485*4 



3263 5 

3263*9 


f 347o*5 

i 3476*1 

( :>nc 

1 ^ 

.*{258 2 


1 .S474*a 

1 3474*9 

I 5 sc 

j 

f 3255 1 

82.52-4 


3470*3 

1 3470*4 

2sd 


i 3253*2 


3468*8 


2sd 

i r 

3240*1 

3246*8 


3465*4 

j 34G5-0 

, 5sc 

1 

i 

( 324()*3 

3246*1 


f 3460*9 

j 3 461*5 

2sd 


13243 0 

8242-8 


3i57-0 

j 3457*8 

] 2sd 

1 


3238*9 


3432*3 

i 3453-2 

! 2nc 

' 

3237*9 

3238*7 



1 344o-7 


\ 

3236*4 

3237*8 


3443*6 

J 3444*4 

1 3sd 

1 

32310 

3231*3 


. 3443*0 

3443*0 

* 3sc 

1 

, 3229*9 

.'i232-3 



3440*8 

1 7sc 

1 J 3227*0 

.8226.5 


3440*2 

. ( 3439*0 

i 

i 

3225*0 

.8224-4 

0 

! "‘i 3439*6 


r ' 

f 3221*5 

8221-0 


3436*9 

1 

5bC 

. 

13218*6 

3218*7 



! 3426*7 


j 

[3212*7 

3212*2 



1 3425*4 


1 

1 3210*9 

3210*8 



3424*8 


i 

1 

3210*5 



i 3422*8 



13209*5 

3209*8 



; 3420*9 


i 


3209*3 



j 3416*0 


j 

3204*6 

3201*3 



1 3415*5 


i 

3109*9 

3199*7 



1 3411*8 



3198*9 

3198*8 


340G 7 

' 3406*1 

5sc i 

r i 

(3195*7 

3196*3 


3i03-7 

3403*1 

2sc i 

1 

‘3195*2 



3400*2 


2sc ' 

I 

! 

(8192-7 

3192*7 


3398*2 

3397*6 

2sc 

1 

(3192*2 

3192*3 



3391*0 


! 

3186*2 



3392 0 


3sc 

1 

3182*3 


1 

3389*5 


3sc 

1 

R 8179-1 

§3179*8 


3383*3 


2sc 

1 

3176*8 

(3370*2 


2sc 

i 

3174-7 


13366*1 


2sc 

i 

3170*4 


P 

335S-T 

t3350*3 

Inc 


31G7-0 



3353*3 

3sd 

j 

3166*4 



33034 

3304*7 

5sc 

1 

3102*0 

3160 9 
3157*4 



3304*1 

3303*7 


1 

(3153*6 

3156*7 

j 

3237-3 

3296*0 

2sd 

' 

t31o0-9 


1 

3294*6 


2sd 

1 


(3144*4 


3291*5 

3290*8 

2sc 

' 

3143*9 

13144*2 



3290*0 


, 


3143*3 

* 

3288-8 

3289*3 

2sd 

1 


3142*6 


>3286-4 

+ ,3284*8 
+ 13284*6 

3sc 

, 1 

3134*6 



Intonsil-y 
nncl diaracte 

T. in. 


2scl 

asd 

2sd r 

.‘>sc 
asd 
asc 
7sd I 
2sd I 
2scl ! 

Ind , 

."sc. i r 

r>sc 

2.sc 

2s(l 

asd 

and 

7sc 

TiSO 

aso 

asc 

7sc 

2sc 

3.SC 

2sc 
2so 
2ac 
r>sc 
5sc 
5nd 
5sd 
6.s<l 
asd 
one 
asd * 

Isc 

Isd 

7wrl 

2s<l 

3sd 


7sd 

Isc 

2scl 


asd 


* 3440-1—Hascsfffcp t 3360*2—^scart. % S2S5‘C»-Hascarfc. § 3177*5—3irascart. 
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Iron— continueA. 


I. Spark 

11. Arc 

Intensity I. Spark 

II. Arc 
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Spectrum 

Spectrum 

and Character Spectrum 

Spectrum 
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Hartley 
and Adeney 
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I. 
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Isd 

3005*7 
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Isd 

3002*1 
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1.3002*4 

7sc 


3126*0 


2sc 



3120*7 
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2999*6 

3000*2 

5sc 

r 

j3116*] 

(3113*4 


3sd 

2998*1 

2999*0 

5sc 
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3.sd 

2996*3 


3sd 


f 3104*8 


2sd 

t 2993*7 

2994*4 

5sc 

r 

(31013 


3sd 

2989*8 


Isd 



(3090*8 

7sc 

2986*2 

2087*1 

Isc 


S« 3099*5 

\ 3099*5 


r 2984*6 


7sc 



(3099*2 


2984*0 

2984*1 

7sc 

r 

3006*7 

3sd 

§§2982*8 

2982*0 

3.SC 

2 r 

3090*7 

3000*4 

3sd 

(2980-S 


3sd 


3089*3 


2sd 

12979*8 

2979 7 

Bsc 


3082 8 

3082** 

3sc 

r 2977*8 

2976*8 

3sd 


3078*6 

3079*3 

5sd 

r 2974*8 

2973-8 

2na 

r 

3076*7 


7sd 

2972*1 

2970*7 

5sc 

r 

3075*5 \ 


5sd 

2969*4 

2970*0 

5nc 


3070*3 J 

3072** 


r 

2967*4 


r 

3066*6 

3065 5 

2nd 

2966 0 

2965*6 

5 sc 
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5so 

(2964*3 


3sc 





1 2963*2 


3nd 


3064*3 


2sd 

2960*2 

2960*5 

Isd 


3061*3 


5sd 

2959*0 
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3058*5 ] 

3057*3 
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2957 4 
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3056*3) 
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^ 29o6-5 
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3056** 
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2953*8 

7sc 

r 

3054*8 
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2950*5 

5sd 


3052*1 
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! 2948*4 

2947*8tt 
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3044*2 

3046*5 
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U 2946*9 




Liveing 
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(3011*5 

3041*5 
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r and Dewar 
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\ 3040*8 

3040*7 

2nc 


2944*6 
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(3040*0 

3040*3 
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2944*0 
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3039*2 



2943*1 
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3036*4 

3036*2 
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2940*8 
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3032*8 
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2939*9 
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(3030*0 

3029*8 
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r 2938*7 

2938*7 
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13028'8 

3028*7 
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2937*3 
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3024-S 1 
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13024*6 
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(3018*1 
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3017*7 
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2sc 
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2924*r 
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3015*0 
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2923*2 
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(3012*4 
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2922*8 
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1 

13010*9 


2sd 

i921'5 
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3008*4 
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2920*0 


1 

3007*9 

3007*3 

3so 

r 2917-4 

2917*4 

1 

2 

3006*8 


3sc 


2913*6 
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3006*2 

3006*3 

3nd 

r 2911*5 

2911*5 

1 

10 X 


Liveing and Dewar. tt 2947*3—Llreing and Dewar. §§ 2982 * 0 —Comn. 
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1 

2835-2 


6 


2905-8 

2903-S 

1 

t 1 


2832 8 


2 


2903-5 

1 

i 1 


2832-1 


2 

2002-1 


■ 1 


2831-8 

2831-8 

I 

6r 


2901-3 

1 

1 2 

2831-0 


8 



2900-8 

i 

i 2 

2828-3 

2828-3 

2 

1 


2S9S-9 


1 2 

2827-3 

2827-3 

1 

1 


2897-8 

i 

1 

1 2827*0 


1 


2896 7 


‘ 2 


2825-1 

2825*1 

1 

6 

2891*5 

2891-5 

i 

i 2 


2823-9 


Ir 

2891-0 

2891-0 

2 

2 

2822 9 

2822-9 

1 

6 


2893-2 


3 


2820-1 


I 


2892-0 


1 

2810-0 

2819-0 

] 

1 


2891-2 


1 [ 

2817-0 

2817 0 

1 



2S89-2 


1 1 


2815-1 


1 

2887-6 


1 

1 

2813-1 


1 



2887-3 


1 1 

2812-8 

2812*8 

4 

8 


2885-8 


1 ! 

2812-2 


1 


2883-5 


1 

1 


2831-7 


1 

2883*8 

2883-3 

4 

1 

2810-0 


1 


2880*1 

2880-1 

2 

1 

2809-7 

2800-7 

1 

1 


2878-2 


1 


2807-9 


1 


2876 8 


1 

2806-7 

280G-7 

1 

6 

2876-1 

1 

1 


2805-1 


1 


2871-9 ; 

2S71-9 1 

2 

1 

2801-0 


3 



1 2873-() 1 


6 1 

2801-2 

2801-2 

2 

1 

2878-0 


1 


2803-8 


1 


2872-0 

^ 2S72-0 1 

2 

i ir 1 

2803-2 

2803-2 

1 

1 

2870-7 


1 

i 


2801-8 


1 

2869-0 

2869-0 ; 

1 

i 6 1 


2800-8 


6 


2868-0 


i 1 ' 


2800-1 


1 


2867-1 




2799-1 


1 

2SG6-5 


1 

i 

2798-8 

2708-8 

1 

1 


3866-2 


2r 1 


2797-9 


6 

2861 7 


1 


2797-4 

2797-1 

2 

2 


2863-6 I 


1 i 

279G-3 


J 



28631 1 


4 ! 


2794-5 


6 


2862-1 


1 1 

2793 3 


1 


2862-1 


1 



2792-2 

1 

2860*0 

? 

1 

r ' 


2791-5 


1 


2858-3 


1 ! 

2700-3 


1 


2S57-0 


1 

i 


2T80-5 


1 

2856-7 


1 

1 

278S-0 

2788-0 

6 

10 

2855*3 


1 

i 

2785-1 

0 

2849-3 


1 

1 


2781-2 

1 

2848-2 

2848*2 

1 

1 1 

2783-1 

10 


2848-0 

2818-0 

2 

1 ; 

2781-6 

2781 6 

1 

2 

2845-3 

2816 5 


1 i 

2778-0 

2778-9 

8 

1 

2845*3 

4 

2 1 


2778-3 

1 

2843-6 

, 2843-6 

4 

8 i 

2777-0 

2777-0 

2 

4 

2813-1 

2843*3 

1 

1 1 

2777-7 

1 


2840-3 

2840-3 

1 

1 i 

2776*9 


1 










OS TVATE-LESGTH TABLES OF THE SPECTKA OF THE ELEMESTS. 409 

IiioN— continued. 


I. spark 
Spectrum 

IT. Arc 
Spectrum 

Intensity 
and Character 

I. Spark 
Spectrum 

II. Aic 
Spectrum 

Intensity 
and Character 

Liveing 

Liveing 

I. 

IT. 

Liveing 

Liveing 

I. 


and Dewar 

and Dewar 

and De-war 

and Dewar 

II. 

2776-1 


1 


2726-0 


1 


2774-5 

2774-5 

2 

1 


2725-5 


2 


2773 1 


1 

2724*3 

2724-3 

6 

2 

277-1-9 

2771-9 

2 

8 

2723*1 

27231 

4 

lOr 


2771-1 

1 


2722*3 


2 


2770-3 

2770*3 

1 

1 

2721-7 


1 



2769-4 


1 

2721-5 


1 


2769-1 

2769*1 

4 

1 

2720*3 

2720-3 

4 

lOr 

2768-8 

2768-8 

4 

1 


2719-7 



2767-2 

2767-2 

10 

6r 

2718-5 

2718 5 

6 

lOr 


2766-8 


1 

2718*0 

2718-0 

1 

2 

2765-3 


1 



2717-4 


1 

2764-7 


1 


2715 7 

2715-7 

6 

1 


2761-0 


1 


2714-9 


1 

2763-6 


1 



2714-4 


1 


2703-0 


4 

2713-8 

2713 8 

10 

10 

2762-4 


1 



2713-5 


1 


2761-9 


4 

2711*9 


1 


27G1-7 

2761-7 

6 

6 

2711*5 


6 



2759-7 


1 

2711*2 

2711-2 

4 

G 


2757-2 


4 

2710*1 - 

2710 I 

1 

4 

2756-9 


1 


2709*7 

2709 7 

1 

1 


2750-2 


6 

2708 7 


4 


2755-5 

2755-5 

10 

lOr 


2708*1 


6 


2754'3 


Ir 

2706-7 

- 2706-7 

4 

1 


2753-9 1 


1 

2706-0 

2706-0 

6 

10 


2753-5 j 


1 


2705-6 


6 

2753 0 

2753-0 

10 

1 ;! 2703-6 


10 


2752-1 


1 



2702-6 


1 

2750-8 


2 


2701-2 

2701-2 


1 


2750-6 


I 

2699-8 


1 


2740-8 

2749-8 

2 

8r 

2698-6 

2698-6 

2 

1 4 

2749-0 

2749*0 

1 

Ir ! 


i 2697*7 


I 1 

2746-6 

2746-6 

8 

8 

2697-0 

i j 

4 

i 

2746-1 

2746-1 , 

0 

8 


2696*6 j 

! 1 

1 


2744-2 


2r 


2695*9 

, 1 

1 

2743-7 

2743*7 I 

2 

6 


2695*6 

i 

4 


2743*3 ’ 


1 


2095-0 

] 

2 

2742-8 

2742*8 1 

8 

Or 

2094-7 


1 


2742-0 

2742-0 ' 

2 

lOr 


2694*4 


1 

2741-1 


2 



209 i-0 


2 

2730-1 

2739-1 

10 

10 

2693*4 


1 


2736-9 

2736 9 

1 

6 

2092 1 

2692-1 

10 

1 

2736-5 

2736-5 

10 

2r 


2691*7 


1 

2735-0 

2735-0 

2 

6 

2691-2 


1 



2733-9 


1 


2690*9 


1 


2733-T 


1 


2689*5 


2 

2733-1 

2733*1 

4 

8 


2689*3 


2 

2732-5 


1 


2GS8-S 

2688*8 

6 

6 

2731-5 


1 



2687*3 


1 

2-730-2 

2730-2 

G 

2 


2686*8 


1 

2729-1 


1 



2686*0 


1 

2728-3 

2728*3 

2 

1 

2685 T 


1 



2727*5 


1 

26S1-2 

2684*2 


i 1 

. 2727-1 

2727*1 

1 10 

4 


2683*6 

: 

1 





410 


KEPORT— 1884 . 


Ieoh— eonUntted. 


I. spark 
Spectrum 

1 ir. Arc 

j Spectrum 

Intensity 
and Character 

1 I. Spark 

1 Spectrum 

IX. Arc 
Spectrum 

Intensity 
and Character 

Lireiai^ 

Livein^ 

1 X 

TT 

Liveing 

Liveing 

J 

II 

and De'vrar 

1 and Deu’ai* 

1 


and Dewar 

and Dewar 



2682-k 


1 2 


2631*0 

2631*0 

10 

10 

26S2-{) 

! 

j 2 


2630*7 

2630*7 

10 

10 


! 2(>81*5 


1 

2629*7 

2629*7 

2 

1 


2080*8 


1 

2629*2 

2629*2 

2 

1 

26S0-4 


9 


2627*9 

2627-9 

10 

10 


2079*9 


1 


2626*8 


1 

2678*5 

1 207S*.> 

' 1 

8 

1 2626*2 

2626*2 

1 

1 


: 2077*2 

1 

1 

1 2625*2 

2625*2 

10 

10 

2676*1 

1 

1 1 


!l 

2623*6 


1 


2675*1 

] 

1 

1! 2523*1 

2623*1 

1 

6 


2074*0 

! 

1 

11 2622 6 


1 



2872 4 

i 

1 

2621*2 

2621*2 

6 

6 

2671*8 

2071*8 

' 

1 

2620*4 


2 


2670*8 


: 1 


2619*9 

2619*9 

2 

2 


20G9‘0 


1 

2618*6 


4 


2669*7 


1 



2ol8*3 


1 

‘ 2669*2 


1 

■ 


2617*6 


1 


20GS*7 


1 

2617*2 

2617*2 

10 

10 

2668*5 


1 



2615*0 


1 


26G7-3 


1 


2614*0 


J 

26S6-T 


1 


2613 3 

2613*3 • 

10 

10 

2686-1 

2G66*1 

10 

10 


2612*3 


1 


20G5*r 


2 

2611*4 

2611*4 

10 

10 

2664*2 

2664*2 

10 

1 

2610*7 

2C10-7 

1 

1 


20G4-0 


1 


2610*3 


1 


26G35 ! 


2 

2609*3 


1 


2662*2 


1 



2609*1 


1 

2661*6 

2(361*6 

1 

4 

2608*7 

2608*7 

1 

1 


2660*8 


2 


2608*2 


1 

2657*8 

2657*8 

6 

1 i 

2606*7 

2606*7 

6 

G 


2656*4 j 


1 

2608*5 

2606*5 

1 

1 

2655*7 

2655*7 ! 

2 

2 

2606*1 


2 


2654*-4 

i 

1 


2605* 6 


1 


2653*5 


1 



2605*3 


6 

2652*2 


1 


2605*1 


2 


1 

2650*9 1 


! 1 

2604*9 


2 


2(>5a*4 

2650*4 j 

2 

1 


2604*4 


1 

2619*2 

I 

4 


2603*8 


1 


2617*5 

2647*9 i 

1 

4 


2603*5 


1 

2615*8 

I 

1 



2599*7 


1 


2645*2 


2 

2598*9 

2598*9 

10 

10 

2614*9 

2644*9 ? 

6 

1 

2597*8 

2597*8 

10 

10 

2613*8 

2643*8 

1 

6 


2596*0 


1 

2611*7 


1 



2595*2 


1 

2611*4 

2641*4 

] 

4 

2594*5 


1 


2610*7 


1 



2593*5 


1 

26;19*3 


4 


2593*1 

2593*1 

6 

6 

2667'3 


6 


2592*2 


6 



2636-6 


1 


2591*7 


1 

2666*1 

2636*1 

1 

1 

2591*0 

2591*0 

6 

6 

, 3635*5 

2635*5 

1 

6 

2590*0 


1 


2665*1 


1 


2588*2 


1 


2662*0 


2 


2687*5 

2587*5 

6 

6 


2633*3 


1 

2585*4 

2585*4 

10 

10 

26620 

2632*0 

1 

2 

2584*0 

2584*0 

i 

8 




ON -WATE-LIiNGTH TABIES OP THE SPECIEA OP THE ELEMENTS. 411 


Iron— continued. 


1 , Spark 

IL Arc 

Intensity 

I. Spark 

II. Arc 

j Intensity 
i and Character 

Spectrum 

Spectrum 

and Oliaractcr 

Spectrum 

Spectrum 

Livcing 

Liv(>in^s? 

7 

II. 

Livcin" 

1 Livcin^? 

I. 

II. 

and Dewar 

and Dewar 


and Dewar 

j and Dewar 

2582*0 

2582*0 

6 

4 

2549*0 


2 



2581*7 


4 






2580*9 


1 

2548*1 


2 


2580*6 

2580*3 

1 

1 

2547*0 

2547-8 

1 

1 


2579*9 


1 

2546*6 

2546*6 

2 

2 


2679*5 


i 

2545*8 

2545 *8 

1 

Sr 


2579*3 


1 

2544*9 


2 

2578 9 


1 



1 2544*5 


4 


2578*7 


1 

2543*7 

1 2543*7 

1 

6 


2578*3 


1 

2543 0 

2543-0 

6 

1 

2577*4 

2577*4 

6 

6 

1 2542*4 


1 

t 

2576*5 


4 


2541*7 

2541-7 

1 

6 


2576*2 


6 

<1>.>I1-C 


4 


2575*7 

2575*7 

1 

4 

2540*8 

2540*8 

1 1 

8r 


2575*3 


2 

2540*4 


2 



2574*8 


2 


2539-1 


1 

2574*0 

2574*0 

0 

1 

2538*6 

2538*6 

10 

2 

2572*8 

2572*5 

1 

1 i 

2538*0 

2536*9 

4 

6 

2371-2 


3 


2536*6 

2536*6 

10 

2 

2570-6 


4 


2535*2 

2535-2 

6 

8r 


2570*1 


2 

2534*2 

2534-2 

8 

Ir 

2569*4 

2r>C9*4 

1 

1 

2533*4 

2533*4 

8 

6 

2568*6 

2568*6 

1 

1 

1 

1 

2532*6 


1 

2568*1 


2 



2532*4 


1 

2566*7 

2566*7 

6 

6 

2532*0 

2532*0 

1 

2 

2566*0 


4 



2531*1 


1 


2565*1 


1 j 

2530*4 

2530*4 

1 

4 


2564*2 


1 

2529*9 


1 


2563*2 

2363*2 

8 

8 1 


2529*6 


63: 

2562*3 

2562*3 

8 

8 : 

2529*2 


8 



2561-9 


1 ' 

2528*9 

2528*9 

1 

6r 


2561*5 


1 


**‘2528*1 


1 


2560*9 


1 


2527-9 


1 


2560*3 


1 

2527*1 

2527-1 

2 

8r 

2560*0 

2560*0 

4 

1 

2526*7 


2 


2550*6 


2 


2526*0 

2526-0 

8 

2 

2558*9 


1 

'1 

2525*1 

2525-1 

8 

1 


2558*3 


1 ;i 


2.524-7 


2 

2557*2 


1 

,t 

•**'2523*9 

■**‘2523-9 

1 

8r 


2556 6 


1 > 

2523*3 

2523-3 

1 

2r 


2556*0 1 


1 “ 

2522*5 

2522*5 

8 

ID 

2555*2 


2 

[' 

2521*5 

2521*5 

6 

1 


2551*9 


1 i. 

2520*8 

2520*8 

6 

1 

2554*8 


3 

11 

2519*3 

2519*3 

1 

2 

2553*4 


3 

!' 

■■*‘2518*8 

*2518-8 

G 

6r 

2552*8 

2552 8 

1 

1 i 


2518-5 


Ir 


25o2*3 


1 ji 

2517*8 

2517*8 

1 

6 

2550*8 

2550*8 

1 

1 i; 


2517-4 


2 

2550*3 


3 

!■ 

251G*S 

2516-8 

6 

1 

2549*7 


2 

i 


2516-3 


1 


2549*2 


8r } 

*2.515*8 

*2515*8 

1 

10 

2349*1 


3 

i 

2514*7 

i 

4 



^ Probably due to Carbon. 





412 


EEPORT— 1884 , 


lEON— contimted. 


I. Spark 
Spectrum 

II. Arc 
Spectrum 

Intensity 
and Character 

I. Spark 
Spectrum 

II. Arc 
Spectrum 

Intensity 
and Character 

Liveing 

Liveing 


IT 

Liveing 

Liveing 

I 

IT. 

and Dewar 

and Dewar 

1. 

li. 

and Dewar 

and Dewar 



2ol4-3 


1 


2479-2 


1 


’*‘2514-1 

6 

6 

2479-0 


1 



2513-2 


1 

2478-3 

2178-3 

6 

10 

25I2‘2 

2512-2 

4 

6 

2477*9 


1 



2.512-0 


6 

2477-1 


2 



2511-6 


1 

! 24/6-5 

2476-5 

1 

2 

♦2511-4 

--^2511-4 

10 

1 

; 2476-0 


1 


2510- (] 

2510 6 

2 

8r 


2475-S 


1 

*2508-8 



r 2475-5 


1 



250S-5 


! 2 

2474*9 


1 


2507-0 


1 


1 2474*5 

2174-5 

6 

6r 

2507-0 

2507-6 

1 

; 6 

'2472-9 


2 


*250fi-G 

’“2.506-6 


i 


2472-7 


1 


2506-2 


: 1 

2472-4 

2472-4 

2 

8 

2.V05-S 


6 

1 

2471-9- 

2471-9 

4 

6 


2505-2 


i 1 

, 

2470-5 


1 

2504-9 

2504-9 

1 

; 1 

2470-3 


8 


2508-0 


6 

} 

, 2469-0 


6 


2503-1 


6 

i 

2468*4 

2468-4 

1 

6 


2503-0 


i 1 

2467-8 


2 


2502-1 

2502-1 

8 

Ir 

1 

2467-2 


2 


2501-4 


2 

: 2466*4 

2466-4 

8 

2 

2500-9 

2500-9 

1 

8 

j 2465-4 


6 


2500-7 


4 


1 2464-7 

2464-7 

4 

6r 

2498-7 

2498-7 

10 

1 

1 2464-5 


4 


2497-5 

2497*5 

S 

1 li 2463-7 


4 


2496-3 

2496-3 

1 

6 II 

2463-4 


2 

2495-6 

2495-6 

4 

2 

2462 8 

2462-8 

4 

1 


j 2493-9 


1 

2462-3 

2462-3 

4 

1 

2493-7 

j 2493-7 

2 

2 

1 

2461-0 


6 

2492-9 

1 2492-0 i 

1(^ 

6 

: 2461-4 


6 


2492-0 

2492 0 ! 

1 ; 

1 

i 2461-0 

2461*0 

6 

1 

2491-1 j 


' 3 ! 


i 

2460-8 


1 

! 

2491-0 


Sr 1 

2400-2 

2460-2 

4 

1 

2490 5 1 

2490-5 

8 

lOr ■! 245S-5 

2458-5 

10 

1 

2489-5 i 

2480-5 

8 

lOr 

i 

2458-2 


1 

2489-2 ! 


4 


2457-4 

245T-4 

2 

8 

! 

2488-7 ! 


1 

2406-4 


1 


2-187-7 1 

2487-7 : 

0 

10 


2456-0 


1 

) 

24S7-1 : 


2 

2455 7 


1 


f 

24S6-8 1 


2 


2455-3 


1 


2486*4 j 


2 

2454-3 


6 


2486-1 

2486-1 j 

8 

2 

2453*8 


1 



2485-7 ' 


Ir 

2453-5 


2 , 



2SS4-7 1 


Ir 


2453-2 


6 

2483-7 

2483-7 1 

6 

0 

2452-9 


1 


2483-a 


1 



2452*3 


1 

2482-9 

2482-9 

1 

10 


2451*8 


1 

2482-4 


6 



2451-3 


X 

2481-8 

2481-8 

6 

ir ! 

2431-0 

2451*0 

2 

1 

2481'3 

2480*7 


I 

1 


2460-0 

2450-7 

2450-0 

4 

1 

1 

2480-0 

2480-0 

8 

Ir 

2449-6 


4 


2479-5 

. 2479-5 

1 

8 


2448-5 


1 


’ Erobal)ly due to Carbon. 






ON ■ffAyE-LESGTir TABLES OF THE SPECTRA OE THE ELEMENTS. 413 

Iron— continued. 


I. Spark 
Spccti-um 

11. Arc 
Spectrum 

Intensity 
and Character 

I. Spark 
Spectrum 

II. Aic 1 
Spectium ' 

Intensity 
and Character 

Liveiuff 

Liveinfj^ 

I. 

TT 

Liveing 

Livein^: 

r 1 

TT 

and Dewar 

and Dewar 

XI* 

and Dewar 

and Dewar 

L 

ii« 


2148-1 


1 

2413*0 

2413-0 

10 

10 

2447'5 

2117-3 

6 

G 


2431*4 


1 

2447*1 


() 


2410*7 

2410*7 

10 

10 

2440*3 

2116-3 

6 

1 

2410*2 

2410*2 

10 

10 

2445*9 


1 


2408*4 



1 

2445*4 

2113-1 

6 

1 

2407*6 

2407*6 

1 

1 

2444-9 

2144-fl 

1 

] 


2407*3 


1 

2444*3 

2111-3 

10 

2 


2406*9 


1 

2443*7 

2143-7 

1 

6 

2406*6 


1 


2442*3 

2113-3 

2 

8 

2406*3 

2406 3 

10 

10 


2411-5 


1 

2405*5 


1 


2441*0 


1 


2404*5 

2401-5 

10 

10 

2440*1 


6 


2404*2 

2101*2 

6 

6 


2130-8 


6 

2402*3 

2402 3 

2 

1 

2439*4 

2130-1 

1 

8 

: 21019 

2101 9 

2 

1 

2439*0 


8 


1 

2401*1 


1 


2137-0 


4 

2401-0 

2401 0 

1 

1 

2437*3 


1 


2100*0 

2400*0 

8 

1 

2436*9 


2 


2399*0 

2390*0 

10 

10 

2436*4 


2 


2398*5 


1 


2436*0 

2136-0 

1 

i 


2398*0 


1 

2435*6 

2433-6 

1 

1 

2396*5 


2 


2434*7 

2131-7 

0 

2 

2395*4 

2395*4 

10 

10 

2434*3 

2131-3 

6 

1 

2395*2 

2395*2 

6 

6 

2433*9 

2483-9 

1 

1 

23947 


1 


2433*2 


4 



2394-1 


1 

2432*5 


8 



2392*8 


1 

2431*8 

2131-8 

8 

1 

2392*4 

- 2392*4 

1 

1 


2130-7 


1 

2391*3 

2391*3 

^ i 

6 

2430*5 

2130-5 

1 

: 1 

2390*7 1 


1 ' 


2429*7 

2429 7 

8 

6 

2390*1 


2 


2429*0 

212U-0 

1 

i 1 

I 

2389*1) 


6 

2428 7 


1 


2389*2 


1 


2428*5 

2128-3 } 

1 j 

i 1 

2388*4 

2388*4 

10 

10 , 

2427-9 


8 - 


1 2388*0 


1 


2427-0 

1 

i ^ : 


; 2387*2 

2387*2 

^ 4 

1 

2425*4 

2425*4 ; 

2 

1 

: 2386*3 1 


4 


2425*0 

2425*0 1 

1 : 

1 

1 i 

2385*8 


1 

2424 3 


1 i 


2384 8 1 

2384*8 i 

2 

1 

2428*8 

2423*8 

10 

2 

i 2384*2 

2381*2 

8 

8 

2422*9 

2422*9 

4 

1 

1 2383*0 

2383*0 

8 

8 

2422*4 

2422*4 

G 

1 

1 2382*7 

2382*7 

I ^ 

fi 


i 2421 3 


1 

! 2381*7 

2381*7 

10 

10 


2420*7 


1 

1 2380*5 

2380*5 

10 

8 


2420*0 1 


1 

1 2379*0 

2379 0 

10 

8 

2119*7 

i 

1 


* 2378*8 


1 



2410*4 1 


1 

i 2378 2 


1 



2418 9 


6 


2377*6 


1 

2418*2 

2418 2 

i 2 

1 


2376-9 


1 

2417 5 

2417*5 

8 

1 

2376*2 

2376-2 

6 

1 


2417*1 


3 

2374*9 1 

2374-9 

10 

8 

2416*3 

2416*3 

' 2 

1 1 


2374*1 


1 


2415*4 


! 1 

2BT3-4 

2373*4 

10 

8 

2414*8 

2414*8 

! I 

! 1 

2373 3 


4 


2413*8 

2413 8 

i 5 

1 1 , 


t 2372*7 


1 
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IiiON— continued. 


I. Spark 
Spectriun 

II. Are 
Spectrum 

Intensity | 
and Cluiacter, 

I. Spark 
Spectrum 

11. Arc 
Spectrum 

Intensify 
and Character 

Liveing; 
and Dewar 

Liveing 
and Dewar 


1 

11 . 1 

i 

Liveing 
and Dewar 

Liveing* 
and Dewar 

I. 

n. 

2372*3 

2371*1 

4 

i 

4 i 

2326 9 

2329*3 

2326*9 

10 

1 

8 

2370 1 
2369*6 

2370*1 

4 

2 



2319 9 
23J9-G 


6 

1 

2369*1 


4 


2 

1 

2368*2 

2368*2 

10 

3 ■! 

2317*7 


2366*2 

2366*2 

() 

6 j! 

2317*5 


2 

2365*3 

2365*1 

2 

!i 

1 I'i 

2316*7 

2313*6 


1 

1 

2364*4 

2364*4 

10 

8 1’ 

2312*7 


8 

2363*5 

2363*3 

236*2*9 

2361*6 

2361*6 

6 

r> 

1 

a 

i' 

1 

2312*0 

2331*6 

2311*0 

2310*6 


1 

1 

2 

1 

2361*3 

2360*3 

} 

!‘ 

1' 

1 ■! 

2309*3 

2308*6 


3 

8 

2359*9 

2359*9 

10 

8 

2306*0 


4 

2359*7 

2359*7 

10 

S !i 

2305*8 


2 

2359 2 

2359*2 

1 

1 ! 


2304*4 


2 

2358*7 

2358*7 

10 

10 


2303 4 


6 

2350*7 


4 



2303*2 


6 

2355-6 


1 


2301*4 


6 

2355*3 

2365-] 

2 

1 j 


2301*0 


4 

2354 S 


2 



2300*4 


2 

2354*6 

2354*6 

6 

6 


2300*0 


6 

23f54*l 

2354*1 

6 

1 1 


2299*2 


1 

2363*3 1 


2 

1 


2299*0 


6 

2B52*i i 


1 

i 


2298*6 


4 

2351*3 < 

2351*5 

1 

1 I 


2298*0 


6 

2350*9 ' 

2350'9 

8 

1 1 


2297*6 


6 

2349*9 

2349*9 

1 

1 ; 


2296*8 


6 

2349*5 


1 


2294*2 


0 

23490 


1 



2293*6 


6 

2348*0 

2348*0 

10 

10 


2292*3 


6 

2347*8 

2347*8 

10 

10 


2291*4 


1 

2346*4 


1 



2290*0 


4 

2345*9 

2345*9 

1 

1 


2290*6 


1 

2344*9 


G 



2290*3 


4 


2344*7 


4 


2289*9 


2 

2343*9 

2343*9 

6 

4 


2288-8 


0 

2343*6 

2343*6 

2 

1 


2287*9 


1 

2343*1 

2340*1 

10 

10 


2287*4 


6 

2341*8 


1 

i 


2287*1 


6 

2341*6 


1 



2284*0 . 


6 


i 2341*2 


1 


2283*6 


4 

2340*0 

2340*0 

1 



2283*2 


2 


2339*3 


6 


2283*0 


. 2 

2339*0 

2339*0 

1 

8 


2282-8 


1 

2337*7 

2337*7 

10 

8* 


2281-8 


1 

2334*8 


1 


2280*0 


4 


2334*5 


1 


2279*7 


6 


2334*2 

1 



2277*6 


4 


2333*1 


1 


2276*9 


4 

2332*5 

2332*6 

10 

8 


2275*7 


4 

2330*9 

^330*9 

10 

$ 


2275-2 


1 





ON WAYE-LENaTH TABLES OF THE SPECTEA OF THE ELEMENTS. 415 


lEON —contimied. 


Arc Spectrum 

Intensity 

and 

Character 

Arc Spectrum 

Intensity 

and 

Character 

Arc Spectrum 

Intensity 

and 

Character 

Liveing 
and Dewar 

Liveing 
and Dewar 

Liveing 
and Dewar 

2274-9 

4 

2259*2 

4 

2214*1 

4 

2273-8 

4 

2255*4 

4 

2211*4 

1 

2272*5 

4 

2252-8 

4 

2310-4 

4 

2271*8 

4 

2251*6 

1 

2207*5 

4 

2271*5 

4 

2251-2 

1 

2200*2 

1 

2270*5 

4 

2250*6 

1 

2200*0 

1 

2268*8 

1 

2250-5 

4 

1 2199*3 

2 

2207*2 

6 

2248*8 

4 

2195*5 

2 

2266*8 

2 

2248*5 

4 

2191-3 

1 

2266*6 

i 

2245*3 

2 

2186*8 

1 

2265*7 

1 

2243*9 

1 

2186*1 

1 

2264*7 

2 

; 2242*2 

1 

2183*7 

1 

2264*2 j 

2 

! 2240*2 

1 

2181*5 

1 

2268*2 

1 

22.30*9 

1 

2178*0 

1 

2262*8 

1 

1 2229*7 

6 

2177*0 

X 

2262*4 

1 

2227*3 

6 

2173*4 

1 

2260*7 

2 

2225*2 

4 

2171*7 

. 1 

2260*4 

2 

2216*i 

6 

2167*4 

i 1 

2259*8 

4 

i 



1 

1 


Lanthanum. 

» Possibly due to Olilorine, t Double. % Obserred in the Arc. § See Didjiaiium. 
I Occurs in Roscoe and Schuster’s Terbium Spectrum. 


Spark Specti'iim 

Intensity 

and 

Spark Spectrum 

Intensity 

and 

Character 

Thalen 

Kirchhoff 

Character 

Thalen 

Kirchhofi’ 

6466-0 


4 

6855-0 


2 

6410*0 


4 

6851*0 


1 

6392*5 


8 

6847*5 


2 

6389-0 


2 

5828*0 


1 

6325*0 


2 

6821*5 


1 

6318-0 


2 

6820*0 


4 

6310*0 


2 

6807-0 

6806*2 La. Di. 

1 

6291*0 

6293*7 La. Di. 

4 

5804-5 

5805-1 La. Di. 

6 

6264*0 


2 

6794*0 

5795*9 La. DL 

. 6 

6261*5 


4 

6790*5 

5790*0 La. Di. 

6 

6249*0 


8 

6787*0 

5786*1 La, Di. 

> . 6 

6187*0 


2 

6769*0 

5707-7 La. Di. 

8 

§6132*0 


2 

5761-0 


4 

6128*0 


2 

6743-0 


4 

6124*0 


4 

5740-0 


4 

6111*0 ‘ 


1 

67340 


2 

*6107*0 


4 

6718-5 


2 

6099*0 


2 

6702-6 


1 

6006 0 


4 

6673-0 


6 

5973*0 


6 

66S6-6 

1 

4 

6929*0 


8 

6646-6 

j 

2 

5873*0 


1 

t5631-0 


6 

§6867*0 ; 


1 

5602-0 

.j 

1 ; 

6862*6 

6860*6 La. Di. 

4 

5599-0 


i 
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Lasthajutm —oontmwi 


Spark Spectrum 

Intensity 

an<l 

Character 

Spark Spectrum 

Intenaitv 

and 

Thalen » | 

KiichhoiY 

Thalen 

Kircblioft' 

Character 

5587*0 


6 

4949*0 


4 

6567*5 


4 

4915*0 


1 

5564-5 


4 

4934-0 

4933-9 La. Di. 

4 

5549*5 


4 

4920*8 

4921-5 La. Di. 

10 

5534*0 


3 

4920*0 

4920-7 La. Di. 

10 

5516*0 


.> 

4899*0 

4899-1 La. Di. 

10 

5513*5 


1 

4878*0 


1 

5505*0 


2 

4860*0 

4800-2 La. Di. 

8 

5502* 0 

5501-9 La. Di. 

2 

4849-0 


6 

5500*5 

5500*6 La. Di. 

8 

4842*0 


2 

54H3-0 


1 1 

4838*5 


2 

5491-i> 


i 

4823*5 

4822-7 La.Di. 

10 

5482*0 

.7184-1 la Di. 

1 

4808*0 

4809 5 

8 

5479*5 


1 

4803 0 


8 

5475-0 


1 

4799*5 


1 

5463*5 


1 

4796-0 


1 

5458*0 


1 

4759*5 


1 

5454*5 

5452-G La. Di. 

8 

4757-0 


1 

5381*0 

J ,3380-6 { 

8 

4747*5 

4746*3 La. Di. 

8 

5380*3 

8 

4741*5 

4741-0 La. Di. 

8 

5373-6 

5376*1 

8 

4738*5 

4740-0 La. Di. 

8 

5339*5 

3340*1 

8 

4727*5 


6 

5302*5 


8 

4719*0 


6 

5301*8 

5301*0 

1 5301*3 La. Di. | 

8 

8 

4716-0 

1114715-0 


2 

4 

5279*5 


2 

4702*0 


8 

§5«76-0 


2 

4699*0 


2 

5270*5 


4 

4691*5 


8 

5259*0 

1 

2 

4690*0 


2 

5252 5 

1 

4 

4687*0 


2 

5234*0 


4 

4670 5 


8 

5225*0 

1 

1 

4668*0 


8 

5211*0 

1 

4 

4662*5 


8 

§5203*5 

! .5203*6 

4 

4661 0 


8 

j 5191*8 La. Di 


4654*3 


10 


1 5190*7 La, Di. 

1 

1 

4619*0 


8 

5187 5 

5188*0 

8 I 

4612*5 


8 

5182*5 

5182*5 

30 

4605*0 


G 

5175 5 


j 

4579 5 


8 

516G*5 


In * 

‘ 4573 5 


8 

5162*5 


1 i 

4569*5 


C 

5158*5 


1 : 

4567*5 


6 

5157*0 ^ 


^ 1 

4557 5 

\ 

10 

5156*0 


1 

4548*.‘> 


2 

5144*0 


O ] 

4541*5 


1 

5122*0 

5122*2 La. Di. 

6 1 

4525*5 


8 

5113*5 

5113*8 La. Di, 

6 

4524 0 


6 

5096*5 


4 

4522*0 


10 

5066*5 


In 

4499*5 


2 

5061*5 


In 

§4455*5 


4 

6055*5 


2 

4452*0 


2 

5049*8 


2 

4430*0 


10 

4998*5 

4999*8 La. Di. 

6 

4427*0 


6 

4990'5 

4994*2 La. Di 

2 

4384*6 


6 

4985*5 


2 

4382*6 


8 

4969*0 

4969*6 La, Di. 

4 

4377*0 


4 

4961*5 


2 

4363*0' 


4 , 
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Spark Spectrum 

Intensity! 

and 

Character 

1 

Spark Spectrum 

Intensity 

and 

Character 

Thalen 

Kirchhoff 

Thalen 

Kirchhoff 

4354*0 


8 

4142*0 


6 

4330*0 


10 

4121*0 


10 

4322*0 


6 

4098*5 


4 

4295*0 


10 

4086*0 


10 

4286-0 


10 

4076*5 


10 

4280 0 


4 

4048*0 


4 

4274-5 


4 

4042'0 


8 

4268*0 


10 

4031*0 

fLookyer 

7 

4263*0 


8 


3995*0 


4248*5 


4 


3988*0 


4238*0 


10 

3987*0 


4 

4235*0 


6 


3948*1 


4216 5 


8 

3946*5 


6 

4202*5 


2 


3928*3 


4196*0 


10 


3926*6 


4191*5 


6 


3920*5 


4184*0 


2 


3915*5 


4151*5 


10 





t Arc Spectrum. 


Lead. 


* Observed also by Lecoq de Boisbaiulran in the Spark Spectrum between metallio poles, 
t 0 ’’Served also by Lockyer : tbe ‘indices* denote the ‘lengths’ of these lines. 

§ See Tellurium. 11 See Silver. 4387*3 Eirchhoff. 



I. Spark Spectrum 

II. 

Arc Spectrum 

Intensity and Character 

Huggins 

Thalen 

Kirchhoff 

Liveing 
and Dewar 

I. 

II. 

6790 





3s 


6655 


l-eeoe-as) 

0655*8 


lOsc 




|■6452•3<*' 

6453*7 


6sc 




1-6059-2® 



2sd 


6034 


1-6040-2® 

6042*6 


6nc 




|•6009•2C2) 



2nd 


*5997 


|•6001•7^O 

6000*3 


6nc 


5895 


F5895-10) 



2iid 


5876 


^5S74*H=J) 



6no 


5853 


P5856*6(2) 



4nc 


5823 





n 


5776 


-6779-1® 



2nd 


*5608 


‘5607-1® 



lOnc 


*5548 


[•5546-1™ 

5544*8 


8nc 




^5523*61*^1 



4sd 


*5372 


^5372*616) 

5373*4 


lOno 


5274 


•5274*6 2) 



2sd 


, 


•5206*7(21 


I 

2sd 


•5199 


•5201*2(2) 



6sc 


5190 


■5189*2(3) 



2sd 


6163 


•5163*2(3) 



4sd 


*504i 


•5045*1(21 

5043*4 


8nc 



f 

‘‘5004*6(2) 



6sd 



i*4802*lU> 



2nd 



t4796-6'0 



2nd 



1884. E E 
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Lead— continwd,. 


I. Spark Spectrum 

II. Arc 
Spectrum 

Intensity and Character 

Hnggiii'^ 

i Tlinlpn 

i Hartley 

liiveing 

I. 

' TJ 


1 1 and Adeney 

and Dewar 


1 

i763 

t4760ao> 

1 


4nd 



t4573-l 

1 


2nd 



t4401-5H) 

I ■ 


2nd 




i 4399-4 


2sd 


*4380 

t43S0-6‘^' 

1 4386-4** 


9nd 


4271 


. 4271-4 


3sd 



t*4246-0H' 

4245-3 


9b'-d 




! 4180-9 


2sd 



f»41G7-3»> 

1 


6sc 


4066 

t4062'.‘)isj 

i r 4061-5 

(4062-5) 

6so 

r 


t'40o8 0(«' 

i t ^057-6 

(4058-5) 

nsd 

r 


! 4:020-0 

4019-0 

7sc 

r 


j 39615 


2sd 



1 3951-7 


2sd 



! f 3934-0 


3sd 



13927-5 


2sd 



1 3910-4 


2sd 



1 r3853-2 


Bsd 




J 3842-9 


7sd 




] 3832-6 


7sd 




13827-5 


7sd 





3801-0 

3sd 




3785-9 


7sd 




3738-9 

3739-3 

7sc 




3734-3 


2sd 




3717-0 


3nd 




3709-0 


2nd 




3688-8 


Ssd 





3683-3 


8r 



3682 9 


1 7sc 





3670-7 





3671-0 


7sc 




3666-1 


7sd 

i 



3639-2 

3639-3 

7sc 

8r 



/ 3691-9 


5sd 




L 3690-6 

3672-0 

Ssd 




3672-6 


7sc 




/ 3663-9 


Bsd 




13662*2 


3sd 




3484-3 


3sd 




3455-9 


3nd 




3308-9 


2sd 




3296-8 


3sd 




/ 3278-5 • 


6sd 




\ 3276*9 


Ssd 





3260-0 





3242-4 


, Ssd 





3238-6 





3219-9 

3219-6 

Bnc 




3176-0 


9nd 




3137*3 


7nd 





3118-6 





r3088-6 


3sd 




13086-7 


3sd 




3061-1 


3sd 
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Lead— contbmed. 


1 I. Spark Spectrum 

II. Arc 
Spectrum 

Intensity and Character 

! Huggins 

Thaleii 

Hartlev 
and Adeuev 

Liveing 
and Dewar 

L 

n. 



3013-3 


7nd 




30:i0-2 


2sd 




3016-5 


3nd 





2081-0 


1 



2978-8 


2sd 





2973 5 


1 




2967-0 


1 



2949-2 


3nd 




2872 2 

2872-0 

7sc 




2837-8 


2sd 




2863-2 


7sd 





2850-5 





2832*2 

2832-9 

7sc 

lOn 



2822-1 

2822-5 

7sc 

r 



2801-4 

3801-1 

lOnc 

r 




2721-0 





2716-3 


3sd 





2706-1 





2697*3 

2697-0 

3sd 

b 



2662*5 

2662-7 

7sc 


T 


2650-0 

2650-5 

5nd 

n 



2637*5 


2sd 




2627-4 

2627-8 

2sd 




2613-4 

2613 7 

lOno 

8r 



2576-4 


7sc 





2575-7 


n 



3567*2 


3sd 




2561*6 


7nd 




f 2539*9 \ 


2b 


; I 


\ 2523*4/ 






2496-0 


2nd 





2476-5 


8r 



2475*7 


7sc 




2462-8 


2nd 




/112445-7 

2446*1 

3sd 

8r 


j 

\ 2443*6 

2443*7 

3so 

8r 



/ 2432-3 


2sd 




\ 2427*8 

2428*5 

2sd 

Sr 


i 

§2411*2 

2411*5 

2sd 

8r 


I 

2402-1 

2401*8 

3sd 

8r 




2399*4 


8r 



I 2393-7 

2393*7 

7sc 

lOr 



2390-8 


2sd 




2389-0 

2388*8 

2sd 




2333*3 


2sd 





2332*0 





2297-7 


2sd 




112247*9 


7 sc 




3238*2 


2so 




2204*3 


7nc 




2170-0 


3sd 



Beoqrterel has observed the following infra-red lines in the Arc Spectrum of 
Lead :---10598, 108TO, and-llSSO (strong); 12210 and 12291 (weak). 
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BEPOET— 1884. 


Lithium- 

* Observed also by Lccoq de Boisbandran in the Plame Spectrum of Lithium Salts._ 
t Observed aUo by Lecoq de Boisbaudran iii the Spark Spectrum of Lithium Chloride solution. 
X See i’gesium. Observed also iu the Lithium Arc Spectrum by Lochyer. 

5 Double. 11 e7UC-2 Kttteler; 6763 0 Miiller; 6708 Elihlmaini; 6703 Fizcau. 


I. 

Spark Spectrum 

II. Arc Spectrum 

Intensity and Character, 

Huggins 

Thakm 

j 

Kirchlioff 

Mascart 

Liveing 
and Dewar 

I. 

II. 

t*6705 

6705-5 

6704-4 

6705*711 

(6705-5) 

lOsc 

r 

t*6098 

6012-2 

6012-1 

6101*5 

(6012-2) 

6sc 

r 

t4972 

t4971-7 



(4971*7) 

4sc 

r 

t4602 

4602 8 


4602*0 

§4603-0 

lOnc 

nr 




4273-0 







t41.‘U-7 


nr 





3984-5 


r 





3013-3 


nr 





3862-3 







.3799-0 







1 32.32 0 







2741-0 


r 





2561*r> 


r 


i 



2475*0 


r 


1 



2425*6 


r 





2394*6 


n 





2373*6 


n 





2369*0 


n 


Magnesium. 

♦ Observed, together vith the Bands of the Oxide, by Lecoq de Boisbaudran in the Spark Spectrum 
of solution of Magnesium Chloride, 
t 4480 1, Hartley and Adeney. 

§ Observed also by Lockyer in the Spectrum of the Spark between metallic poles ; the * indices * 
attached to these numbers denote the comparative ‘ lengths ’ of the lines. 


I. Flame 
Spectrum 

II. Spark Spectrum 

III. Arc 
Specti’um 

Intensity and Character 

Liveing 
and Dewar 

KirchliofT 

Thaldn 

Liveing 
and Dewar 

Liveing 
and Dewar 

1. 

II. 

lit. 




5710*7 

6710-7 


8sc 

8so 

(6183) 


i5*6.i27*4<3J 

(5527-4) 

(6527*4) 


Sac 

6sc 

bi61S3-0 

§*6183-1 

6183*1 

5183 

lOsc 

ICscr 

lOsor 

(6172) 

b, 6172-0 

§*6172-1.. 

§*3166-9j4, 

6172*2 

5172 

9sc 

9sc r 

9scr 

(5167) 

bi 5160-9 

5166*6 

6167 

Isc 

Sscr 

Sscr 

Bands of Oxide 


4808 



2sc 




§*4703-6«' 

4703*5 

4703*5 


8nc 

8sc 

4570*6 


4586*6 

(4586*6) 



4no 




4570*5 

4670-5 

lOsc 

2sc 

lOscr 


; 4480*9 

§*f4481-0 

(4481) 



8nd 


1 Hartley 

Cornu 


4361*2 


4s 

8sc 


and Adeney 



4166*0 


4s 

8sc 




4057-3 

1 4057*3 


4s 

4sc 


3896*0 1 


3893-0 



4sd 

3865 

3892*0/ 


3893-0 


* 4b 

4sd 


3860 





4b 




b* See Iron; the Iraunhofer line b* is double. 
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M AON ESI u Jl —continved. 


I. Flame 
Spectrum 

IL Spark Spcctr 

urn 

III. Arc ' 
Spectrum . 

I utensity andCharacterj 

Liveing 

Hartley 

> 

laveinijf 


"t 1 



and Dewar 

and Adeiiey 

Coinii 1 

and Dewar 

and Dew ar 

1 

1. 1 

II. 

III, 

3858 





4b 



3855 

3855*5) 


3852 


4b 

4sd 


3848 

3849 5/ 


3847 


4b 

4sd 


38451 





4b 



3841/ 





4b 



<3838) 

3837*91 


3837*0 ) 

(3837*6)) 

1 (3837-6) ] 

10s 

lOse r 

lOsc r 

(3831) 

3832*1 


3831*5 \ 

(3831*5) 1 

! (3831-5) 

10s 

lOsc r 

lOso r 

(3829) 

3829*2, 


3829*0 J 

(3829*0) J 

1 (3829*0) J 

10s 

lOsor 

8scr 

3824 




t 

4b 



3815 




! 

4b 



3810 




1 

4b« 



3806 





4b 



3799 




i 

4b 



3790 




i 

4b 



3782 




1 

4b 



3777 




! 

4b 



3772 





4b 



3765 

3765*2 




4b 

2nd 


3756 





4b 


; 

3750 





4b 


1 

37301 





lOn 



3724 > 





lOn 



3720 J 





lOn 




3336*2^ 


3334*2 ) 

(3334*2)) 

(3334 2)) 


6sc 

8sc 


3331*8 


3330*0 } 

(3330*0) ]> 

(3330*0) S 


Gso 

Sac 


3329*1 


3327*0 J 

(3327*0) J 

(3827*0) J 


6sc 

7sc 



3278*4 


? 


5so 

? 


3139*3) 





2sd 



3134*2/ 





2sd 



3107*0 





4nd 



3096*2) 

3095*6 ] i 

1 (3095*6) ) 

(3095*6)1 


lOsc 

lOscr 


3091*0 * 

3091*9 y 

1 (3091*9) } 

(3091*9) 1 


8sc 

lOscr 


3089*9 J 

3090*0 J 

(3090*0) J 

(3090*0) J 


8so 

8sct 


3071*6 





5sd 



3046*0 





2sd 



2941*6 



2942 


2sd 

6sc 




2940*3 



2sd 






2938*5 



6sc 





2937*5 



6sc 


2935-8) 

2934*9) ! 

(2934*9) 

(2934*9) 


lOnc 

Isc 


2928*1/ 

i 2926*7 J ' 

(2926*7) 

(2926*7) 


lOnc 

Isc 


2913*8 

! ; 

2913*2 

2913*3 


8sd 

Iso 


2884*3 

1 

‘ 1 




3nd 


(2S50-3) 

2851*21 


1 2850*3 1 

2851*8 

2851*8 

lOscr 

lOncr 

lOncr 


2847*9 

> 





Isc 



2845*9. 


i 




Isc 



2815*3 1 






2nd 



2810*0 J 

> 





3nd 1 



2801*6^ 


2801*3 1 

2802*4 ) 

2802*4 


lOsor 

lOso r 


2796*9 


(2797*1) 1 

(2797*1) I 



9sc 

- 


2794*1 


2794*5 ( 

2795*2 f 

2795*2 


lOsGX 

lOsc X 


2789*6 


2789*9 J 

(2789*9) J 



9sc 



2781*8^ 



2782*2 'i 

2782*2 % 


6sc 

5scr 


2780*2 

1 

2780*7 

2780*7 ■ 


6sc 

5scr 


2778*7 

j 

2779*4 V 

2779*4 y 


8sc 

6scr 


2776*9 

1 

2778*2 

3778*2 


6sc 

. dsci 


2775*5 J 

1 

1 

2776*9 J 

2776*9) 


6sc 

5801: 
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jilAG-NESIUir—<?/»?? 


Sp^tX ir. Spark Spectrum 

III. Arc 
Spectrum 

Iiitenfti h’ and (di nracter 

Liveiug ! Hartley 

and Dewar landAdeney 

< lornu 

LivHug 
and Dewar 

Divein.u 
and Dewar 

T. 

IL 

nr. 




3767'61 



nse 




2764'S/ 



5sc 

! 2736-01 



2730 ] 


2s(l 

Oner 

2734-3 J 



2732-5 )> 


2scl 

Oner 

j 



2731 J , 


4 nor 

I 



2G9B 'I 



<lsc 

1 


i 2695 . 



6.SC 

1 


1 2G03-5 J 



4 sc 



• 2672-5 ] 



5ncr 



! -'(570 1 



i nnor 

i 


1 .2068-5 j 



! 3nc 

! 2038-4 


1 

1 


4nd 


i 

1 


i 2C49 1 



1 4 sc 

1 



2646 j 



1 4 sc 

! 



2633 ) 



1 3nc 

1 



2630 / 



3nc 

1 



2605 



{ 2nc 


Becqxierel has obseiTed the following infra-red lines in the Arc Sped rum of 
Magnesium: 8990, 10470?, 12000 (probably double) and 12120—t]\e last three 
presenting the aspect of the group b. 


MaROAIsESE. 

® ObseiTctl, together with the Rands of Manganese Oxide, by Lcooq de Roishaudrau in the Spark 
Spectrum of 3Ianganese Chloride soliition. 

t Observed also by Lockyer; the ‘indices’ attached to tlieso numbers denote the comparative 
‘lengths’ of the liues. 

1} ' Could not be identified,’ Lockyer. 


I, Spark Spectrum 

II. Arc Spectrum 

Intensity 
and Character 

1 Huggins 

Thalen 

AngstrSm 

Cornu 

Liveing 
and Dewar 

I. 

il. 

6344 








6122 






b 


*6031 

tG030-9(fl 

6020-9 

6020*9 


lOsc 


♦6014 

t6015-8® 

6015*8 

6015-7 


lOso 


6012 

t60l2-7W 

6012*6 

6012*5 


lOsc 


5556 






Is 


*5513 

fSol 




2sd 


*3467 






Is 


5432 


^5443*1^3) 




2sd 


*5419 


|■3419•6H) 




6sc 




-54X2-61^) 




6sd 


•5407 


•6406-C«) 




2scl 


6404 






1 


6S96 






4sd 


*6393 


•3393-6M) 




4sd 


*5377 


•6376*7r4) 




esc 



* 

5359-1 




4sd 


5348 






Is 


*5338 : 

t6340-3«) 




6sc 


5295 






b 
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Man OANese— continved^ 


I. Spark Spectrum 


Huggins 


*5254 


*4824 

*4785 

*4765 

4762 

*4754 

*4738 

*4728 

*4710 

*4503 

4499 

4490 


4477 

*4464 

4461 


4457 


4455 


4451 

4449 

*4436 

*4415 

*4281 

*4267 

*4259 

*4237 



Thalen 

O 

Angstrom 


•3254'2i‘) 

5251*2 


■5233-8'« 

5233-4 


■3195-4«' 

5195*0 


•4822'9f« 

4822-5 


■4782-7«> 

4782-6 

/• 

•4763-9H1 

4765-9 

11 

•4764-8I.U 

4764-8 

ri 

•4761-6H1 

4761-4 


•4760 8'“ 

4760-8 

•4753'3i‘> 

4753-3 


■4738-1'" 

4738-1 


■4729-lt-“' 

'4729-1 

• 

■4726-1 • 

4726-1 


■4708'8i’i' 

4708-8 


•4503-G’'» 

4503-3 


•4301-3® 

4501-1 


•4498'3® 

■4495-3® 

4498-2 


■4491-3® 

4491*0 


•4489-6'»> 

4489-4 


^4479-0<2> 

4479-0 


•4472-5<» 

4472-2 


•4470-6® 

4470-5 


•44G4-1(« 

4464-0 


^4461-6'-'» 

4461-4 


^4461-iw> 

4461-0 


■4459-9® 

4460-0 


^4457-8® 

4457*4 

f'i437'4<® 


t4457-l<») 

4456-8 

t4456-3<»i 



4455-7 


4455*1 
i 4454*5 

t4452-l 

4452*1 

t44SQ'3'-''' 

4450*5 

t4436-3«i 

4436-4 


■4435'4*® 

4435-5 


•4414-8'»' 

4414*8 


•4280-3'3' 

4280-4 


■426S-0'3i 

4264-9 


■4258-2® 

4258*1 

• 

■4234-8<» 

4234-6 


|.4227-0t-0 

4227-0 

si« 

■4083-3'»> 

4083-3 


■4083-0t3' 

4082-7 


■4079-6<3) 

4079-6 

* 

•4062-9:» 

4062-9 

* 

■4054-4'2^ 

4064-3 


-4048-2® 

4048*0 

* 

-4040-613) 

4040-6 


-4034-0(31 

4034-9 


•4032-9® 

4032-9 


■4031-8(») 

4031-8 


■■4029-5® 

4029-4 


II. Arc Spectram 


Liveing 
and Dewar 


(4822-9) 

(4782-7) 


(4753-5) 


Intensity 
and Character 


C(wnu 


I. j II. 


4sd 

4sd 

4sd 

lOsc r 

lOsc t 

2sc 

lOsc 

lOsc 

2sc 

lOsc r 

6sd 
6sd 
6sd 
6sd 
2sd 
8sd 
Ssc 
2sd 
2sd 
6sc 
2sd 
8so 
8so 
6sc 
6sc 
6sc 
2sd 
6sd 
4sd 
2sd 
4sd 
2sd 
6sc 


(4032-9) 

(4031-8) 

(4029-5) 


2sd 

6sc 

6sc 

2sd 

8so 

6sc 

6so 

6sc 

lOsc 

lOsc 

6sc 

2sc 

6sc 


4048-7 

4040*6 

4034-9 

4033-8 

4032*7 

4029-9 


2sd 

6sc 

Ssc 

6so 

2sd 

2sd 

6so 

6so 


H H H 
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REPOUT— 1884. 


Man GAN ESE— continued. 


i I. Spark Spectrum 

II. Arc Spectrum 

Intensity 
and Cliaracter 

Huggins 

Thalen 

o 

Angstrom 

1 

1 Lockycr 

Cornu 

I. 

IL 

1 

1 

t308S*2^3) 

:-5988*0 

:3986-a 

B98G-0 

3981-6 

* 3991-7 

3989*2 

397G-2 
3974 8 
3933-4 

3931-9 
3950-9 
3942-2 
3928-8 
3925-7 
3923-4 
3922-3 
3921-8 
3920-8 
3917*5 
3910*7 
3910 4 

3932*0 

3881*8 

3824*0 

3806*4 

2sd 



Mercury. 

* Observeil by Lecoq tie Bonbaudiuii in the Spark Siiectnira of aFerciiric Chloride solution, togethc 
with the following udditional lines 5647, 5020, 5561, 5529, 5498, 5314, 5292, 5269, 6246, 5222. 
t Possibly due to au impurity. 


Spark Spectrum 

Huggins 

I 

Thalen j 

Kivclihotf 

G383 



6360 



6144 

6151*2 

6131*0 

G088 



5885 

5888*1 


5871 

5871*1 


5817 



5800 



5788 

*5780-6 

5790*3 

5768 

*5768*1 

5768*1 

56T8 

*5678*1 

5678-2 

5594 

*5595-1 


5460 

*5460*6 

5459-8 

5425 

5426*1 

5425-8 

5364 

5364*6 


5381 

6278’6 


53X8 

5217*2 



5206-2 


6133 

5131-2 



Hartley 
and Acleuey 


Intensity 
and Character 


1 

1 

lOsc 

1 

8uc 

4^a 

1 

lOnc 

lOnc 

8no 

6nd 

lOnc 

8nc 

4nd 

2nd 

2nd 

^nd I 
4nd I 
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Meec ury— continued. 


Spark Spectrum 

Intensity 
and Character 

Huggins 

Thalen 

Kirchhoff 

Hartley 
and Adeiiey 

4959 

4958-1 



6nd 

4918 

*4916-1 



4nd 

4826 




1 

4357 

*4358-1 

4350-6 

4358 0 

lOsc 




4348 0 

2SC 




4341-0 

2sc 




4077-5 

Hnc 


*4078-5 


/ 4046-5 

lOnc 

4066 

*4047-0 


13984-0 

Ssc 

3990 

3982-2 


3869-0 

3nc 




3820-0 

3nc 




r 3807-0 

2sc 




1 3800-0 

2sc 




3790 0 

Ssc 




f 3770-0 

3sc 




‘1 3754 7 

2sc 




, 3751 0 

Ssc 




3681-9 

3nc 




f 3662-9 

5nc 




3654-4 

6iic 



\ 3632 9 

7nc 


' 

f35C0-l 

Ssc 




\ 3542-3 

Ssc 




3492 6 

Isd 




3473 4 

isd 




3451-4 

Isd 




3380-5 

8nc 




3365-5 

2sd 




3351-2 

3iic 




3341-2 

Ssc 




3326-4 

2sc 




3207-1 

3sc 




f 3130-4 

lOnc 




! \ 3121-5 

iOnc 




! t3094-0 

2sc 




: 3021-0 

8nc 



: 2966-4 

lOnc 


1 

• 2946-6 

Ssc 


• 

2935-5 

3sd 



2925-2 

3sc 



i 2915-3 

3sc 



1 2892-9 

Ssc 



* 2846-8 i 

lOnc 


i 

! 2832-1 

2sc 


1 

! 2819-7 

Snc 




, 2810-0 

2nd 




1 2804-5 

6sc 




2798-5 

3nc 




i 2790-0 

Bsc 




1 2773-2 

2nd 




j 2760-8 

3sd 




' 2751*5 

6sc 




1 2702-0 

2nd 




; /2657-6 

3nd 




i \ 2652-2 

Snc 




2644-6 

2nd 




I 2640-6 

2nd 
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Mebcxjry— continued* 


Spark Spectrum 

1 Intensity 1 

! and Character j 

Hartley 
and Adenoj' 

2602-3 

r 

1 6sd j{ 

2584-2 

2sd j 

2575*3 

‘ 2nd 1 

/ 2535-8 

lOsc 1 

12533-8 

Snc 

2322-7 

Ind 

2314-3 1 

i Ind 

2491-4 ■ 

Ssc 

i r 2484-2 i 

2nc 1 

\ 2477-7 1 

Ind 1 

S 2488-0 1 

2nd Ij 

1 2467-0 1 

2nd 1 

2483-7 j 

2nd 

2459-3 1 

Ind i 

/ 2414-3 

Ssc || 

12407-3 i 

Ssc l| 


Spark Spectrum 

Hartle}’’ 
and Adeney 

2390-0 
2355-2 
2342-2 
2340*0 
2315-2 
2296-5 
2292*6 
r 2264-2 
< 2263-3 
L 2261*4 
2254-0 
2231 0 
2225-7 
2190-9 
2148-0 


Tnlensity 
and r’lianictor 


I no 
3 no 
Inc 
Ind 
Inc 
Isc 
Inc 
6 sc 

()SC 

Snc 

Ssc 

Isc 

Snc 

Isc 

Isc 


Moltbbenitm. 


I. Spark 
Spec tram 

II. Arc 
Spectrum 

Intensity 
and Character 

1 I. Spark 
Spectrum 

II. Arc 
Spectrum 

j Intensity 
and Charact 

Thalen 

Lockyer 

I, 

II. 

1 ThaMu 

Lockyer 

rr 

IX. 

G029-2 

5887-6 

5856-6 

579M 

57501 

6887-6 

6649-1 

5631-1 

5369-1 

6540 1 

5531-6 

5505-1 

5360-1 

4079-1 

4867-6 

4829-6 

4818-1 

4757-6 

4730-6 

4706-6 

4336-1 

44T5-1 

4483-6 

4411-6 

4SS0-6 

4326-0 

4277-5 

4376-0 

3999-8 
3997*5 
3993*2 
■ 3992-4 

j lOsc 

1 lOnc 
! Ssc 
Csd 
6sd 
6sd 
4sd 
4sd 
lOsc 
2scl 
lOso 
lOsc 
4nd 
2sd 
4nd 
4sd 
4sd 
4sd 
4sd 
4sd 

4sd 

4sd 

4sd 

4sd 

4sd 

4sd 

6nc 


] 

* 

3991-0 

3990-6 

8985-5 

3982-1 

3981-r, 

3981-0 

3980-6 

3979-7 

3979-1 

3978-3 

3976-8 

3974-8 

3967-6 

3057-(! 

3934-2 

3932-9 

8946-0 

3944-2 

3942-6 

3942-2 

3934-0 

3929-3 

3928-0 

3922-9 

3921-2 

3917-0 

3916-7 

3916-0 

3914-8 

3902-4 

3901-8 

1 

i 









ON -WATE-LESGin TABLES OF THE SPECTRA OF THE ELEMENTS. 427 


Nickel. 

^ Obserred also by Lceoq do Uoibbaudran in the Spark Spectrum of Nickel Chloride solution, as also 
the following lines:—r)827, 5?50l, 5756, 5716, 5695, 5665, 5041 (double), 5621, 5609, o-lsS, 51'=>ij 
5048, 4998, 4950, 4808, 47G2, 4722, 4606, 4591, 4571, 4550, 4471, 4461, 4327, 4288. 

t Observed also by Lockyer; the ‘indices’ attached to thc'so iinmbeis denote the coronaiative 
^ lengths’ of the hues. I 5891*9 Tliollon. 



I. Spark Spectrum | 

II. Arc Spectrum 

Intensity and Character 

Thalen 

Kirchhoff | 

o 

Angstrom 

Cornu 

I. 

ir. 


617o'9'3 

<>175-5 : 

6175 9 


6nc 


CL1o-5<L 

G115-7 I 

6115-2 


dsd 

'A-. 

■6107-7«’ 

C108-2 1 

6107-1 


4sd : 





GOll-2 

I 





<>006*3 

f 





599<b8 

1 





5995*7 

! 





5899*8 

1 

t5S92*l(^> 

5892-2 

5892-1 

|589I-i) 

lOsc : 





5883*7 

i 


585a-G'2^ 

5857-3 



4sd 1 


■647r)-0f« 

5475-8 
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IsTickbl— coniinved. 
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Nitrogen — eonUrmed. 
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Nitrogen— continued. 
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Lockyer has observed the following lines in the Arc Spectrum of Osmium between 
wave-lengths 3900 and 40003990*4, 3975*5, 3962*7, 3918*3. 
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OXTGEX. 


Observed also by Pliirlrer. t 464S*.9 and 4G41*4 Kirchlioff. 

% Observed also by Salet, Arho gives also lines at 6450, 6120,4475. 

§ Observed also by Angstrom. !] Observed also by Lecoq de Boisbaudran. 

ir This band is made lip of lines at 5205*0, 5213-n; 5216*9, 5225*3, 5231*2, 6239-0, 5247*7, 5255*0, 62G2-7^ 
5269*5,6276-0. S2b4*4, 5292*5, ^ 

** 6171*1 Kircbhoff; 6170 Angstxbm. 

ft This baud is made up of lines at 5552*8,5558*4, 5564*5,5570*1, 5575*8, 5581*2, 5591*4, 5601*2, 5611*2, 
5618'8,5629*6. 
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OxY GEN —eantl n ved. 
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For ultra-violet lines, possibly due to oxygen, see * liir/ 

Pliicker gives also oxygen lines at 6452, 6118, 5340, 5315, 5144, 4S4S, 4327, 4262; 
4243, 4171, 4136, 4104, and 4094, of which 4243 has also been noted by Lecoq de 
Boisbaudran, 




1884. 
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Palladium. 

‘ Observed al=o by Locoq do Eoi-ibandran in the Spiirlc Spectrum of ralladium Chloride solution 
together isith the tollowiug Imes 6773, 6177, 5495, 4917, 4170, 4088. 
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Lockyer has observed the following lines in the Arc Spectrum of Palladiuni 
between the wave-lengths 3900 and 40003991-5, 39.SPS, 3957-7. 


Phosphorus. 


I. Band Spectrum 

II. Line Spectrum 

Intensity ’ 
and 

Character 

Lecoq de Bois- 
baudran 
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Phosphoeus— ued . 
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1 

Intensity 

I. Band Spectrum i 

II. Line Spectrum 
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! 
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Lec'oq de Boia- 
baudraii 

1 
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i 
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1 

) 

Salet j 

I. j 
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i 
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i 
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2 
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Sb 

2 
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Sn 
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b- 
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4 
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3n 
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1 


5358 

5365 
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8 
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10 
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4 
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j 

1 
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10 

i 
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b 

! 
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b 
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b 

i 
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b 

1 


4423 
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2 

i 
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2 

j 
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EEPOEX— 1884, 


Platinum. 


^ Observed also by Lecoq de Boisbandran in the Spark Spectrum oC Plaliiium Clilorido solutiouj, 
togetlier with the following lines6757, U319, 6219, 5758. 4999,4659, 4415, 4194, 4165, 4118. 
t Double. 


Spark Spectrum 

Intensity 
and Character 

Huggins 

Tiialeu 

Kirchhoff 
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6522-3 

6sc 
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In 
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4s 
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Is 
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ii 
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5952 
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4s 
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4s 
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4s 
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4 
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4sfl 


5475*6 
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4sd 
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lOsc 
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! *1533 

4551*9 
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5s 
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4498-2 

Ssc 

’ *4441 

4442*1 

4442-3 

4sd 


*4389*5 


4sd 
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1 4sd 

'■...— 


Lockycr has observed the following lines in the Arc Spectrum of riatiniimi 
between the wave lengthvS .‘1900 and 40003995*9, 3979*7, olK).!'!, 39r)2'5, 3947*3, 
3924*4, 3922*0, 3910*2, 3903*8, 3903*7, 3903*0, 3900*2. 


Potassium. 

* Observed also by Salet. 


I. IHame 
Spectrum 

IL Spark Spectrum 


III. Arc 
.Spectrum 

Intensity 
and Character 

Lceoq de 
Boishaudran 
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Potassium —w/’r?. 


I. Flame 1 
Spectrum 

II. Spark Spectrum 

HI. Arc 
Spectrum 
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and Oiiai-jicter ■ 
i 

Lecoq do 
Boisbaudran 
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II. , III. 5 

1 

r5831 

r^^'oSSl 

5831 

5829*1 

1 

f(5831) 

3s 
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i 
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lOsc 
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8nd 
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i 
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2b 
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5n 
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1 
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• 
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2b 
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! 
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n 
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'1 4856 



n 
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n 
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XL 
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n 
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4s 
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3b I 

8n 

r 
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8r 
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8r 




5 
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[ 


7r 




j 

J 

3101*0 

1 

i 


6r 




1 

3033*0 

i 

j 


6r 




! 
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i 

I 


4r 




! 

1 
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1 


3r 




1 ! 
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i 


2r 


Becquerel Las observed infra-red lines at 7700,10980,11020, and 12330* 
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RcBiDroii. 

* Double. 


I. 

Flame Spectrum 

II. 

Spark Spectrum 

III. 

Arc Spectiiim 

liiten.sity 
and Charader 

Lecoq cle Boisbaudran 

Tlialen 

Kirclilioff* 

Liveing 
and Dewar 

I. 

II. 
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8s 
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(is 



^\6650 ' 
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3s 
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4776-1 
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4569*6 




2scl 



4551*1 




2fc.<,T 
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(4216) 

Osr 



o4202 

4202-0 


(4202) 

lOsr 

8nc 



SAjMAEIUM, 


* Possibly due to Cliloriuc. 

t These lines occur in Roscoe's ‘Terbium’ Spectrum, Jouvn. Chenu Soc. xli. p. 283. 


Spark Spectrum 
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and 

Character 

Spark Spectrara 

Intensity, 

and 

Character 

Spark Spectrum 

Intensity 

and 
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Tbalea 

Thaleu 
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2n 
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4 
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*5221-0 
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1 
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6 
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1 
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4 
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1 
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5 
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4 
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1 

6421-0 

1 
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1 
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1 

5415-5 

1 
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1 
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1 
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1 

5696*0 

2 

5404-5 1 

3 

t5l65-0 
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1 

,5143-0 

1 
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In 
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4 
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2 
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In 
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6 
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2 
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1 
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1 
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4 
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’ 1 
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4n 

t5302*0 

1 
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’ 1 

6516*0 

5 
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1 
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Samarium — continued. 


Spark Spectrum 

Intensity 

and 

Character 

Spark Spectrum 

Intensity 

and 

Character 

Spark Spectrum 

Intensity 

Thalen 

Thaleu 

Thalen 

Character j 
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In 
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3 

t4427*0 

1 i 

5080*0 

2 
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1 

4424*5 

S i 
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4 
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4 
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1 
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1 

4975*5 

2 i 
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a 
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1 
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4 
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i 
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1 
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3 

4393 0 

1 
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1 
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In 
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2 
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4 
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SCAKDroM. 


Possibly doublo. t Probably due to the Oxide. 
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and 
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54S4-0 

6 

5076-5 

1 

4374-0 

10 


5886-5 

b- 

5481-0 

6 

5070-0 

4 

*4364-5 

1 


5877-0 

b- 

6451*0 

! 1 

5063'5 

2 

4324-5 

10 


5848*5 

b- 

5445-3 

4 

5030*5 i 

10 

4320-0 

10 


5842*0 

b- 

5391*3 

6 

4991*0 

1 

4314-0 

10 


5809*0 

b- 

6874-5 

4 

4979-5 

1 

4306-0 

1 


5801-5 

b- 

6853*0 

6 

4973-0 

1 

4296-0 

1 


5772-0 

b- 

5348*5 

6 

4953*5 

2 

4248-5 

10 


-5736*5 

b- 

5341*5 

1 



i 



Selekitjm. 
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Selenium— eontimiecl. 
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SlLYEB. 

“ Observed by Lecoq cle Boisbaudran in the Spark Spectrum of Silver Mtrate solution, tn^other Avitb 
the iollowiug 5022, 4907,406S, 4669, 4622,4570, 4518, 4434, 4396, 4208. 

t 5463*5 and 5207*1, Mascart. t See Tin. § Observed also by Locki'tJ*. 

II See Lead. v* see Copper. 
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Sodium. 


■ Observed also by Lecoq de Boisbaudran in the Spark Spectrum of Sodium Sulphate. 

T Observed by Lockyer, The ‘indices’ attached to these numbers denote the compai'ative ‘lengths’ 
of the lines. 
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Becqnerel has observed infi“a-red lines at 8190 and 11420 in the Arc Spectrum of 
Sodium. 


Stbontixjm. 


Observed bj Lecoq de Boisbatidran, together with the bands of Strontinm Oxide, iu the Spark 
Spectrum of solution of Strontium Chloride. 

t Observed also by Lockyer: the ‘indices* attached to these numbers denote the comparative 
‘lengths ’ of the lines. 

t See Barium. § See Calcium. ll See Iron. ^ See Manganese. 


I. 

Spark Spectrum 

II. Arc Spectrum 

Intensity 
and Character 

Huggins 

Thalen 

KirchhofF 

Lockyer 

Liveing 
and Dewar 

L 

IL 

7108 

, 




4s 


6885 





4h 


6790 





4 s 


6641 





Is 


6606 





2s 


*6648 

t66S0-3a) 




4sd 


6502 

-fesoi-s® 

6502*7 



8sd 


6435 





b 


6410 

+6407*30) 

6407*4 

, 

lOsc 


6388 

*i*6387*3(2) 


! 

Osd 


6383 

+6380*3(3) 

1 

j 

4sd 


6369 



} 

Is 


: 6347 



I 

3s 


6343 



1 

is 


6311 



1 

b 


6274 




Is 


6251 



' 

b 


6220 



1 

h 






ON WAVE-LENGTH TABLES OE TUB SPECTRA OF THE ELEMENTS. 445 
Stro ntitjm— co7iti mied. 


I. 

Spark Spectrum 

i 

II. Arc Spectrum 

Intensity 
and Character 

Huggins 

Thalcn 

1 

Kirchhofi: f 

i 

Lockj'cr 

Liveing 
and Dewar 

I. 

ir. 

1 

6172 


i 

1 

i 


Is 

; 

6098 


‘ 

1 


2s 

; 

6908 





b 


5977 



1 


b 


5971 

t5970*7^^^ 




2sd 

' 


t5850'l<2) 

i 



2sd 

i 

I 

5810 



i 


Is 


5700 





In 

! 

5617 





2n 

! 

5023 





3s 

! 

5579 





Is 

1 

5513 





Is 

i 

'^5510 

t5540*p2) 

5539*4 



Osd 

1 

6531 

|6533*ta» 

5533*6 



8sc 

i 

*5519 

■j■5522•6^2) 

5520-0 


(5522-6) 

8 sc 

i 

*6500 

t5503-6<2) 

5503*0 


(5503*6) 

Ssc 

r j 

5496 





b 

1 

5487 

t5485*lCJ) 

5484*8 



6sd 

1 

"5480 

t54S0*lf^> 

5180*8 


(5480*1) 

lOsc 

r 

»5460 

' 



5s 


3423 





2s 


6383 





3b 


*5254 

t5256-l'i> 

5256 6 


(5256-1) 

Ssc 

r 

*3238 

t5238-70) 

5238*1 


(5238-1) 

lOsc 

r 1 

*5228 

t5228*7^i> 

5228*3 


(5228-7) 

Osd 

r ! 

5224 

t5225'70) 

5225*4 


(5225-7) 

6sd 

X j 

3221 

t5223*7^i' 

5222-8 


(5223-7) 

Osd 

r ! 

5217 




2s 


«5165 

i 



(5155*0) 

2s 

^ i 

5102 

1 




1 


*4967 

t4967*6'^’ 




4sd 

' 

4962 

|4961-6^i> I 



' (4961-6) 

8so 

r 

4943 




lb 


*4893 ^ 




(4893-0) 

Is 

r 

*4875 ; 

t4S76-I«^ 



: (4876-1) 

1 Osd 

X 

4872 

t4S72'pt> 



(4872-1) 

’ Osd 

r 

4865 



(4865-0) 

' 2 

1 

r 

4853 





2 


*4830 

t4831-6<i) 



(4831-0) 

j Osd 

i r 

*4811 

{481 



(4812-1) 

1 6sd 

i 3^ 

*4781 

t4783*6a) 


1 

j (4784) 

i Osd 

, 

4750 


i 

] 

1 Is 


4742 

*4721 

f4740-6a) 

t4721*l<i> 


1 

I 

(4741) 

1 (4721) 

j Osd 
6sd 

1 1 

1 

*4604 

t4607*6i--^^ 

4007*4 


1 (4607-6) 

lOnc 

r 1 

4438 


4437-0 I > 

t 

2n 


4367 



4305 0>2> 

1 

Is 


4361 




! 

In 


4337 



4330-0''^^ 


2n 

1 

4319 



til 4325-0'^ 


2n 

1 

*4303 

t4305-3'2) 

4S04*9 

4303-3^^> 

1 (4305-3) 

lOno 

1 


§t4226*3-> 



1 (4215-3) 

Gnd 


*4215 

t4215’3'-' 


4215*3<‘) 

lOnc 

r 

*4161 


! 

4161-0-w 

j ,(407S-3) 

One 


*4078 

f4078-5t^^ 


4077*0''»^ 

lOno 

r 


j 

rf403x-r^8) 

i t 11403i-5C*‘ 










44G 


EEPOBT —1884. 


S T'RO'^Tivii—co7iti7ined. 


Arc Spectrum , 

Intensity 
and Character 

Lockyer 

4029 4'^^ 

3969-1 

‘ 3939-5*1' 

Liveing and Dewar 

1 ... i 

‘ i 

1 ! 


^o705"0 


:?G53*0 

3»>47'0 

35270 

3498*0 

3404-0 

3458*0 

3379-5 


I 


n 


3364-5 

3305-2 

2931-1 


Becquerel has observed infra-red lines at 8700, 9610, 10030,10340, and lOOSO in 
the Arc Spectrum of Strontium. 


On the Gonnection beUveen Sunspots and Temstrial Phenom&na?- 
By Professor Schuster, F.R.S. 

[A communication ordered by the General Committee to be printed i7i ecctimso 
among the Eeports.] 

[Plates 

The very remarkable connection between the state of the solar snrface 
tind magnetic phenomena on the earth has naturally suggested the ques¬ 
tion whether other meteorological phenomena show a similar relationship. 
The older speculations which date back almost to the discovery of sun¬ 
spots were revived, and an opportunity was once more given to the 
meteorologists to prove the often questioned utility of their long-con¬ 
tinued series of thermometer and barometer readings. They have made 
use of this opportunity, and we shall see what the result of their labours 
has been. 

It may he well to state at once what, in my opinion, we are and what 
V7e are iiot to discuss to-day- We have not come here to discuss the< 
u ^priori probability of a connection between sunspots and the Tveather, 
•or, as it is often erroneously expressed, an influence of sunspots on the, 
weather. The only question before us is the proof or disproof of such a' 

‘ This paper was read in order to initiate a special discussion on the Connection 
of Sunspots with T<errestrial Phenomena, on the morning of Monday, September 3. 
The following paper hj Professor 0. J. Lodge initiated a similar discussion on^ 
Friday, August 29, on the Seat of the llectromotive Force in the Yoltaic Cell. 
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connection hj a strictly statistical inquiry. We are, further, not to discuss 
whether the connection, if it exists, is sufficiently large to affect materially 
the character of our summers or of our winters. The scientific interest 
is the same whether the influence be large or small; and though the dif¬ 
ference in temperature between years of maximum and years of minimum 
sunspots may only be the hundredth part of a degree, we must be satis¬ 
fied with the result as soon as it has been sufficiently well established. 

Few people only are aware of the many careful and unprejudiced 
investigations that have been made on the subject; and there is a great 
deal of misconception, even among those who take a special interest in 
it, as to the uniform drift of these investigations. There can no longer 
be a doubt that during about four sunspot periods ( 1810 - 1860 ) a most 
remarkable similarity exists between the curves representing sunspot 
frequency and the curves of nearly every meteorological phenomenon 
which is related to temperature. This is not, in my opinion, a matter 
open to discussion; it is a fact. But it is equally certain that during the 
thirty or forty years previously to that time no such relationship exists, 
sand that since 1860 the connection has again, in some cases, become less 
distinct. The question which arises now is this: Does the absence of 
any apparent connection at the beginning of this, and especially at the 
end of last century, which, as far as we can judge, may be partially re¬ 
peated at the present time, render it probable that the relationship which 
held good for nearly, if not quite, half a century, is only accidental; or is 
it more reasonable to suppose that there is a true connection, but that 
other causes are at work sufficiently strong altogether to hide the regu¬ 
larity for a succession of years at a time ? This is a point on which 
everybody will follow the dictates of his own common sense, and oa 
which, therefore, we must not expect any unanimity of opinion. In 
giving an account of the work 'which has been done, and of the questions 
which are pending, I shall not attempt to mention, much less to sum¬ 
marise, every paper that has been written on the subject. There is hardly 
one on which we possess more exhaustive summaries, and to them I must 
refer the reader who wishes a more detailed account.^ 


Hediictiou of Swispoi Measurements. 

In order to compare terrestrial phenomena with sunspot activity, we 
must first obtain a numerical measure of that activity. Messrs. De La Eae, 
Stewart, and Loewy have in their researches measured the spotted area 
of the sun; and recently the ‘ Solar Physics Committee ’ has deduced, as far 
as possible, this area from the measurements of Schwabe and Carrington. 
The spotted area of the sun, no doubt, is at present the most scientific 
measure of solar activity; but we do not possess the necessary data for 
its determination except for a very limited period. For the older obser¬ 
vations, then, at any rate, we must be satisfied with a simpler measure, 
and it has become castamary to adopt Wolfes so-called sunspot numbers. 
The sunspot number for a certain day, according to Wolf, is K (f+lQg), 

^ F. G. Halm: Ueler die Bezielmngeii Ser Sonnenfiecken^eriode z\i meteorologisehen 
Bnclmmmgen, (Leipzig, 1877.) Hermann Fritz; Me JBezielamgeti der Sonnen- 
Jieeketi m den magnetisclim und meteoroUgischen Mrsekeinungen der JErde iKafnrh 
Yerlu d. holh Maatsch. Wiss. Haarlem, 1878.) Siegmund Gunther: Der Minjlnss 
der HimmeUMTpeT mff WiUerniigsverhdMnisset Kiirnherg, 1884. 
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where/ is the number of groups of sunspots seen on the day, a solitary 
spot counting as a group; g is the total number of spots, and K is coefficient.;, 
depending on the instrument used. Patting K equal to one, for instance, 
a group of two spots would give a number 12, while two single spots 
would count as 22. The applicability of Wolfs equation is shown by the 
fact that all the results deduced from it agree well with those deduced 
from the direct measure of spotted area, and that especially the parallel 
behaviour of the sunspot curve with that of the daily variation of the 
magnetic needle becomes very apparent by using Wolfs number. Even 
for the later observations, for which we possess the sunspot areas, it is 
a matter open to discussion whether an empirical formula like that of 
Wolf may not give a more correct representation of solar activity than 
the actual measure of the area. Thus it is very plausible, as shown in 
the above example, that two spots, though covering the same area, should 
represent a greater total solar activity if they are situated at the different 
parts of the solar surface than if they are close together, forming one 
group. But, at the same time, there is something arbitrary in Wolfs 
number, each spot counting alike, whether it is large or small. We are 
forced at present to use Wolf’s numbers, as giving us the most complete 
and homogeneous series; but we ought not to remain satisfied in fatnro 
observations with the mere counting of groups and spots without esti¬ 
mation of their areas. Wolf has, in order to equalise the irregular varia¬ 
tions, taken as a sunspot number for a given month the mean of the 
nnmber deduced from that month, the six preceding months and the six 
following months, giving half the weight to the most distant month on 
either side. The numbers thus obtained he calls compensated sunspot 
numbers. He has calculated the numbers for each month from July 
1749 to June 1876.^ I shall adopt these numbers here as the measure 
for solar activity. 


Conneoiion betiveen Swisjpois and Terrestrial Magnetism. 

It is a well-known fact that the magnetical needle, in addition to its 
more irregular displacements, shows each day a periodical movement. 
Towards seven or eight o’clock in the morning the needle begins to travel 
west; at abont one in tbe afternoon it has reached its gi'eatest dofiection; 
it then begins to travel east until abont eleven at night. During t].io 
night it is pretty stationary, moving, however, more quickly again in the ’ 
early hours of tbe morning. 

The hour at which the needle turns, as well as the extent of its daily 
period, depends on the season. The range of this diurnal variation is 
greater in summer than in winter. At Kew, for instance, the greatest 
western deflection during the winter months averages nearly seven 
minutes and a half, while the average deflection between October and 
March is only about five minutes of arc. In tbe Southern Hemisphere 
the motion of the needle is reversed, and in the equatorial regions there is 
con^quently a belt, shifting with the seasons, at which the variation 
vanishes. 

Biudolf Wolf, General Sahine, and Alfred Gautier pointed out almost 
simultaneously, iu the year 1852, that this daily variation of the mag- 

^ Mcmin Astr, xliii p, 200 (1S7W877), 
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netic declination was coincident with that of sunspot frequency, and 
that its daily range increased and decreased with that of the spots. 
The increase of the amplitude is approximately proportional to the 
variation at different places of the earth’s surface, so that on the average 
the daily oscillation is from 1-5 to 1*7 times as large at times of sunspot 
maxima as at times of sunspot minima. If we compare together tlie 
curves of sunspot frequency and those of the daily range, we find that not 
only do the maxima and minima correspond with each other, but that the 
shape of the curves is throughout very similar, the irregularities of one 
being generally repeated in the other. The connection seems so close that 
Wolf has attempted to represent it by means of a mathematical formula.. 
Denoting by m the dally range of declination, and by w Wolfs number 
for sunspot frequency, the following equation is found to hold very 
nearly: M = a + ^vv. a and h are two constants, which depend on 
the place of observation. Wolf has determined them for thirty places, but 
the question of the constancy of these factors can only be settled by 
farther observations. According to Ellis and Balfour Stewart, the curves 
of daily declination range lag rather behind those of sunspot frequency; 
even sudden outbursts of solar disturbance seem to be represented in the 
magnetic curves by an increase in the daily range, which takes place 
nearly simultaneously. 

The intensity of the horizontal component of the earth’s magnetism 
has a daily range, showing an oscillation which is larger at times of sun¬ 
spot maxima than at times of sunspot minima. 

Hansteen ^ has investigated the changes in the daily average of magnetic 
declination and of dip, and has found that they present a period corre¬ 
sponding to that of sunspot frequency; the horizontal intensity is larger, 
and the dip less at times of fewer sunspots; and these two elements vary 
together in such a wmy as to suggest the probability that the vertical 
force remains comparatively unaltered, so that the change in the dip seems 
produced by a change in the horizontal force only. At Kew,® however, 
the change in the horizontal force seems inappreciable, while the dip 
is increased at times of numerous sunspots, which latter result agrees 
with that of the Munich observers, and seems to point to a change in the 
vertical force. At Toronto,^ on the other hand, both the dip and the 
horizontal force seem to increase simultaneously with increase of sun¬ 
spots, so that here the vertical force seems to alter more rapidly than the 
horizontal component. But it must be remembered that changes in the 
dip and in the horizontal force cannot be determined to the same degree 
of accuracy as change of declination, and these last-mentioned results axe 
therefore not established with certainty, Fritz has investigated the ques¬ 
tion whether the state of the sun’s surface affects the rate at which the 
secular change of declination takes place, and has found that at Paris, 
Brussels, and Munich the secular change takes place most quickly when 
there are many spots on the sun. The Kew results show, however, an 
increase in declination at times of many spots, which denotes a retardation 
in the secular change. The increase which is given by the Toronto 
measurements, on the other hand, supports the view expressed by Fritz, 
as the declination at Toronto at the present time increases. 

* Asi. Nacht, No. 1069 (1857) 

® See the article * Terrestrial Magnetism ’ in the Mncycl, Brit, (Balfour Stewart), 
p. 94. 
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Cum 2 represeats the Frequency of Auroree BoresJes seen in Europe between lat, 46° and 65° h’. 
Curve 3 represents the Frequency of Aurorse Boreales seen in America between lat. 0 and 60° N. 


Curve 4 represents the Frequency of Auroiee Boreales seen in Europe up to the Arctic Circle. 
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la addition to the move regular cHatiges in the magnetic needle we 
observe occasionally greater magnetic disturbances, which have been called 
magnetic storms by Humboldt. These magnetic storms are both more 
violent and m.or*e frequent at times of maxima than of minima of sunspot 
frequency. Loomis ^ has tried to determine whether pai'ticiilar magnetic 
storms are coincident in time with increased solar aetiyity. He took over 
a hundred magnetic disturbances, and determined the spotted area on the 
sun on the days of the storms as well as on the preceding and succeeding 
days, and found an increased area on the same, and the four or five 
preceding days. It would thus seem that a greater number of spots was 
accompanied or shortly followed by magnetic disturbances. 

One or two occuTrences, though not directly connected with our subject, 
deserve mentioning. On September 1,1859, Mr. Carrington at Bedhill, 
and Mr. Hodgson at Redhill, both observed two brilliant patches of intense 
white light in the neighbourhood of a great spot. The phenomenon was 
an altogether exceptional one, and was accompanied by a magnetic dis¬ 
turbance, which was repeated with greater energy the same evening, and 
hrillant aurora were seen over a large part of the terrestrial globe. 

Professor Young ^ has also on one occasion noticed an exceptionally 
strong outbreak of protuberances on the sun to be accompanied by a 
magnetic disturbance. 


Connection between Suns^pois and the Aurom Borealis, 

* It was suspected in the first half of last century already that the 
aurora appeared more frequently in years in which the number of spots 
on tbe sun was peculiarly great. After the discovery of the periodicity of 
siinspots the connection was placed beyond doubt by Wolf,^ Fritz,^ and 
Loomis.^ We owe to Fritz ® the most detailed investigation of the subject, 
aud we shall here give a short summary of his results. In the first place, 
the eleven-yearly period of sunspots can be distinctly traced in the fre¬ 
quency of aurorm observed in our atmosphere. This holds for the auroroo 
seen in Europe as well as in America. It is true for those observed in 
the arctic circle as well as those observed in the temperate zone, and, as 
far as the scarcity of the material allows us to judge, the same connection 
exists for the anrora australis. Tbe sunspot curve presents the appear- 
, ance of a phenomenon similar to, if not identical with, that of boats, 
which at certain intervals raises the maxima values high above their 
means. This phenomenon appears in an exaggerated form in the curve 
of frequency of tbe aurora borealis. It is, indeed, much more marked 
than the eleven years period itself, a fact which it is important to bear 
in mind in any attempt to speculate on the nature of the connection, for 
it shows that the number of aurorae is not proportional to the number of 
sunspots, like the increase in amplitude of the daily variation, but that 
irhile a smaH number of sunspots hardly shows any effect, a slight in- 
esrease in them is often accompanied by a very large increase in tbo 
i^umber of aurorae. The inequalities in the sunspot curve show thus a ten¬ 
dency to be exaggerated in the curve of aurorie, and the exaggeration is 
che greater, the greater the number of sunspots. Plate I*, which is copied 

** Amencm Jmmal of Science^ vol. L ® The /S'm 

. Wolfs MUheihfn^m^ No. X (1S69>. im. No. XT. (1863). 

» (1865). « TOer die BeidBlmnge% &o. ' 
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from a memoir by Fritz, will repay a careful study. Wliile especially in 
curve 4, wbiob takes in the largest number of observations, we can trace 
the rise at each, spot maximum, it will be seen that the amplitude of the 
oscillation is very irregular, but suggests the existence of a secular period. 
The length of that secular period cau be approximately estimated by 
taking account of some older observations. In this way Fritz has 
£xed its period at fifty-five years, but this is a point on which it is safe 
to speak with caution. 

Curve 1 of the plate represents the sunspot frequency. In curve 2 
the European observations of aurorse between latitudes 46° and 55° were 
taken into account. Curve 3 represents the frequency of auroras observed 
in America between latitudes 0° and 60°. Finally, curve 4 takes in all 
European observations extending to the arctic circle. 


General Discussion. 

A very remarkable connection between sunspots and terrestrial 
phenomena is thus established, and the question naturally arises whether 
we can form any idea as to the nature of the connection. Though this 
may seem hopeless at present, we can at least form an opinion as to how 
the connection cannot be explained. In the first place, we must not think 
of a direct magnetic effect between sun and earth. The sun is too hot 
to be bodily magnetised; and even wei'e it made of bard steel magnetised 
to saturation, it would not sensibly affect the magnetic needles of the 
-earth. It has been suggested that the sun may be electrified to a high 
potential, and by its induction affect the magnetic elements of the earth. 
It has also been maintained that the space between the sun and earth is 
a. good conductor of electricity, and mitst thus bring their electric states 
into connection. I reserve for another opportunity the discussion of 
the possibility or probability of either of these hypotheses ; at present it 
will be sufficient to say that I am unable to conceive how, even granting 
their truth, they can possibly explain the increase in the diurnal variation 
at times of many spots. 

We do not at present know what the daily variation of the magnetic 
laeedle is due to, and therefore it seems premature to consider what 
causes may modify the effect. The solar influence bears on it the stamp 
of a temperature effect, while the lunar influence seems tidal. It is 
difficult to say, without very careful consideration, what the thermo¬ 
electric effects in the earth^s crust might be. The electro-motive force 
no doubt is very small, bub then the resistance is small also, and the 
■current might be quite appreciable. Tides in the earth^s interior, like those 
assumed by Professor W. G. Adams, ^ do not apparently exist to any appre¬ 
ciable degree, but there must be a tidal stress, and though very small 
the consequent strain might produce a difference of resistance in different 
directions, and thus alter the channels of the electric currents. The 
superposition of such a thermal and tidal effect seems to me to he the most 
hopeful hypothesis at present, but I have not followed it out sufficiently 
to be able to do more than to throw it out as a suggestion. These and other 
considerations, however, lead ns on to inquire whether these magnetic 
and electric effects are not perhaps only secondary, and that the sun acts 

^ iRuyal Institution, June 3,1881. 
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primarily only by its radiation. This is the idea which forms the foimda- 
tion of Professor Balfour Stewart’s work on the subject. Ho has also 
thrown out the idea that connection currents in the outer j^arts of our 
atmosphere may, by their motion across the lines of magnetic force, induce 
sensible currents. I do not believe that our present knowledge of the 
passage of electricity through gases quite warrants the assumption oI‘ 
such a possibility, for though we may make the electric resistance in. 
some parts of the vacuum almost as small as we please, the total 
electro-motive force which is capable of setting up a discharge at all must 
always be considerable. At any rate, it is absolutely necessary, befoi*o 
going further, to decide wdiether we can trace a connection between’tlio 
number of sunspots and those terrestrial phenomena which depend on his 
temperature. It is only when we are in possession of all the facts that 
we may hope for a solution of the mystery. 


Connedioii of Suiif^iwU ami Teihj^eralure, 

We owe to Gautier^ the first detailed examination of this question, 
which led him to the result that the years of many sunspots are probably 
rather colder, those with few sunspots ratlier warmer, than the avemgo. 
Other investigations led generally to a similar, occasionally, however, to a 
contradictory result, until Koeppen, by means of a very exhaustive in¬ 
vestigation, has given us some decisive results. Koeppen ^ has brought 
together the temperature records of nearly 250 stations from different 
parts of the earth. 

These were divided into five groups, according to their geographical 
position—namely, tropics, sub-tropics, the warmer parts of the tempcrat(^ 
zone, the colder parts of the temperate zone, and the cold zone. Each of 
these groups was examined separately. The carves are plotted down in 
Plate II., and will show a very remarkable relationship to tlio sunspot 
curve. The connection is most marked for the tropics, then gradually ar-» 
we move away from the equator it becomes less and less distinct. The 
following table, which compares together the years in which the maxima 
and minima took place, will also render the connection very clear, ff'he 
table in which the ectropical regions have been united i.s tak(‘u out of 
Hahn’s monograph. It is well known that sunspot periods ditfer iu length, 
and that the time between a maximum and a minimum is aliorter than 
that between a minimum and a maximum. This peculiarity is extwddy 
'reproduced in the temperature curve, as the comparison ('.rahlo XI'.} made 
6y Koeppen will show. The numbers express the years intervening 
between two successive turning-points of the curve. 

The difference between the average temperature in a year of maximum 
and one of minimum sunspots is by no means small; it reachoH C, 
in the tropical regions, and a little over half a degree in the ootropical 
groups. The maxima and minima of temperature in the tropics seem to 
take place a little before the corresponding phases of the sunspot curve, 
while the ectropical regions show a retardation of the phase. The curve 
shows some irregularities about the year 1860, bat especially towards the 
'beginning of the century it is very much distuibed; and, worse still, 
between 1780 and 1790 the effect seems exactly reversed. This latter 

1 Ann. Chim, Pliijs., Ill, Xlt (1844), 

* MUclHft der oeat Ges. Met,, voL viii. pp. 211 and 257, 
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jract would throw grave doubts on the reality of the connecliou, had it 
not been pointed out that just at that time the sunspot curve was very 
irregular* It has been shown by Koeppon that tlie maximum of tempera¬ 
ture in 1779 and the minimum in 1785 occurred when it ought to have 
done under the supposition of a regular course of sunspot activity. Tt is 
useless to speculate liow such a state of things could have been brouglit 
about, we can only wait the further develo])Tncnt of events. 

Taijlr I. 
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Hahn has paid special attention to the summers and winters which ai*o 
remarkable either by an exceptionally high or an exceptionally low tem¬ 
perature, and he lias shown that, on the whole, both hot summers and 
warm winters occur near times of minimum sunspot frequency, while cold 
winters and summers both occur most frequently directly Jifter a time of 
great solar activity. But the facts do not show themselves sutlioiently 
regular as to warrant at present any prediction on the general natux*o of 
any particular summer or winter. 

The results obtained by Koeppon have been confirmed in many ways* 
Stone ^ has shown that the mean tompomture at the Cape of Good Ho|)o 
shows a decided tendency to imitate the curve of Hunspot fro(|uonc)^ and in 
such a way that to a groat number of spots corrospondH a miuitnmn of 
tomporature, Pia/z/J, Smyth ^ tells us in the same way that the thernio- 
motors sunk into the rocks of Ualton Hill show a decided period of eloveu 
years. Thci maxima of temperature occun-ed in 1846, 5 ; 1858, G ; and 
1808, 7. Those times fall shortly after the minima of spots, winch took 
place in 1843, 5; 1856, 0; and 1807, 2. It is to be observed that thermo¬ 
meters introduced into the ground are specially fitted for the examination 
of long period oscillations* The rate at which the amplitude of an oscih 
iation decreases with the depth, increases cpixckly with the length of the 
period, and the deeper thermometers are introduced into the ground, the 
more will all short period inequalities bo sifted out, and only the longer 
ones will remain. The amplitude of long oscillations will of course be 
reduced also, and there are limits, therefore, depending on tho sensitive- 

* iV^r. Ihyal Boe. xix., 389. 
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316 SS of the thermometers at which the best results will be obtainec^. This 
is the place to mention a very interesting and important investigation, 
lately published by Professor W, Foerster,^ the Director of the^ Berlin 
Observatory, He has found that the position of one of the pillars of the 
observatory is subject to periodical angular displacements, and that these 
can be represented by means of two periods, an annual one and one of 
eleven years’ duration. This latter has agreed for three sunspot periods 
with the sunspot curve. Its amplitude is as much as fourteen seconds 6f 
arc. Professor Foerster seems to believe that the effect is due to an accu-\, 
mulation of heat within the pillar. His explanation seems to me to be 
contrary to the laws of thermo-dynamics, and I think it is much more 
likely that the change in inclination is due to general disturbance in the 
level of the surrounding district, which itself would be a consequence of 
the eleven years period of underground temperature. Comparing together 
the effects of winter and summer with those of ihe sunspot period, it is- 
found that a sunspot maximum brings with it a maximum of temperature.. 
The phases show a retardation, as was to be expected. The contradiction 
of two so well-ascertained ejects as those of Koeppen and Foerster is 
very curious. Its further investigation mil no doubt lead to interesting 
results. 

Professor Balfour Stewart has taken a different lino from that of pre¬ 
vious workers. He takes as his variable quantity, not the temperature of 
the place, but the daily range—^that is to say, the different^ between the 
maximum and the minimum temperature of the day. He also confines 
his attention to the shorter periods of sunspot and magnetic inequalities^ 
The duration of these shorter periods has been previously determined. 
Whether these periods are real or apparent only is not material, as long 
as we confine our attention to the same period of time. His latest reduc* 
tions, undertaken jointly with Mr. Lant Carpenter,^ have led him to the 
following results:— 

1. Sunspot inequalities around 24 and 26 days, whether apparent or 
real, seem to have periods very nearly the same as those of terrestrial 
inequalities as exhibited by the daily temperature ranges at Toronto and 
at Kew, 

2. While the sunspot and the Kew temperature range inequalities- 
present evidence of a single oscillation, the corresponding Toronto tem¬ 
perature range presents evidence of a double oscillatrou, 

3. Setting the celestial and terrestrial members of each individual 
inequality so as to start together from the same absolute time, it is found 
that the solar maximim occurs about eight or nine days after one of the 
Toronto maxima, and the Kew temperature range maximum about seven* 
days after the same Toronto maximum. 

Soliir Badiailm. 

The most direct method to settle the question of variability of the 
solar radiation would be to measure directly that radiation. The peculiar 
difficulties which hare hitherto stood in the way of continuous records 
of solar radiation are now gradually being overcome, and we may hope 
^ before^ have some decisive evidence either for or against the 

var^ulity. Our knowledge at present is very vague. Professors Eoscoe 

^ No. 2545, p, 1, ® Proc. Pbyal Boc* xxxvii, p. 314. 
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and Balfour Stewart have reduced some observations made by Mr, 
Campbell.^ There is a slight preponderance of strong radiation at times 
of the maxima of spots. Mr. Blanford has come to the same conclusion 
from the results of some Indian observations. But in both cases the 
effects of atmospheric absorption could not be eliminated, and for this 
reason we must not attach any very great importance to the result. 
Professor Balfour Stewart has constructed an apparatus which it is hoped 
will allow any observer to take continuous records of solar radiation, A. 
committee of this Association has been formed to test the instrument, 
which after some alterations introduced by Professor Stokes will very 
likely prove both efficient and easy to handle. Dr. Proelich ^ has in the 
meantime made some very praiseworthy efforts in the same direction, 
and has come to the conclusion that the solar radiation differs at different 
times by as much as eight or ten per cent. The range of observations 
has hitherto only extended over the space of a few months. The radia¬ 
tion seemed the stronger the weaker the daily range of magnetic declina¬ 
tion ; that is to say, the sun seemed hotter when it showed smaller signs 
of sunspot activity. Dr. Proelicli’s experiments have been criticised by 
Dr. H, Vogel as well as by Professor Langley, and indeed there is muclx 
to be said against the certainty of his result. Professor Langley objects 
that the logarithmic law of increasing absorption with increasing thick¬ 
ness of absorbing layer is only true for a ray of monochromatic light, and 
may not necessarily be true for a mixture of such rays. This is un¬ 
doubtedly coiTeot, but Dr. Proelicli answers that he has by observation 
proved the law to be correct. Looking over the curves as given by Dr. 
Proelicb, it seems, however, that, although the law holds very nearly, a 
very slight deviation from it might account for the differences observed 
by him. We have, in fact, to use the formula fco extrapolate by, and a very 
slight error would produce considerable differences in the final result. 
But although the question of variability of the sun has in this way by no 
means been proved as yet, I believe that Dr. Proelich’s method well 
deserves farther development, and that he would obtain most valuable 
results by taking up again his original intention of observing at high 
altitudes. It is only by reducing the atmospheric effects as much as 
possible that we can hope to eliminate it altogether. There are places in 
the Western Himalayas, not voiy difficult to get at, where it would be 
possible to camp out at an altitude of eighteen thousand feet. An expedi¬ 
tion fitted out to take regular observations on solar radiation for a suc¬ 
cession of several months would bring home most valuable results. 
While we are looking for changes in the total radiation of the sun, we 
ought not to forget the instruments devised by Sir Henry Eosooe to 
measure and register the actinic effects. Por it is quite possible that 
the increase and decrease in radiation will make itself principally apparent 
in the more refrangible rays. 


Atmospheric FTessiire, 

The relation between solar radiation and the atmospheric pressure at 
any given place on the earth’s surface must necessarily be a very com¬ 
plicated one, and must vary greatly with the meteorological conditions of 

^ pToc,Il()y 0 l Sac, xxiix. p. 578 (1875). 

® ^lectrotechnische SeitseJinft, v. p. 3 (1884). 
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tlie country. We shall therefore only give a sliort summary of the results 
which have been obtained. In 1878, Mr. Fred. Chambers ^ pointed out that 
between the years 1848 and 1876 the curve of mean pressure both in 
summer and in winter showed a similarity to the sunspot curve. The 
greatest barometric pressure occurs a short time after the minimum of 
sunspots. Allan Broun ^ showed that the results for the Bombay observa¬ 
tory are confirmed by the records of other Indian observatories. Mr. Archi¬ 
bald^ soon afterwards gave evidence of a periodical variation of 
atmospheric pressure at St. Petersburg, where, however, the maximum 
pressure occurred two years after the sunspot maximum. The matter 
was fully entered into by Mr. Blanford,*^ who has confirmed the previous 
results. At the Indian stations, especially at those situated near the 
equator, the maximum of atmospheric pressure seems to occur at or a 
little after the sunspot minimum, while the reverse is the case for all 
stations in Western Siberia and Russia. The range of time for which 
these relations have held good is, however, so restricted, that wo cannot 
do more than simply record them, and wait for further confirmation. 

It seems curious that some barometric observations show moro rela¬ 
tionship to the longer sunspot period, which is so well marked in the 
aurora borealis. Wolf has first pointed out that the excess of the atmo¬ 
spheric pressure in July over that in June decreased from 1770 until about 
1805, then increased again till shortly after 1833, decreasing from that 
time to 1860. 

The daily variation of the barometer has been investigated by Horn- 
stein, and • also seems to show a long period, having its maxima and 
minima in good agreement with the corresponding phase of the long 
period of the aurora borealis. It would not be wise to attach too great a 
value at present to these coincidences. 

A very interesting point has been brought to light by Mr. Joseph 
Baxendeli,® of Manchester, He finds, in the first place, that, as was to 
be expected, the barometer stood on the average higher when the wind 
came from the ncfrtb, east, or south-east, than when it blew from the south¬ 
west, west, or north-west. 

He next compared together these difierences in different years. In 
the second horixoutal row of the following table we give the difference in 
pressure during easterly winds (north-east, east, and south-east) on the 
one hand, and westerly winds on the other. It is seen that this difference 
was greatest in 1860, then gradually decreased till 1867, and then was 
again greater in 1868, This agrees well with the variation in the num¬ 
ber of sunspots which took place during the same time, as is seen by 
comparison with the numbers given in the fourth horizontal row, which 
indicate Wolfs sunspot numbers. 
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* Sisaure, vol. xviil. p. 567 (1878). 2 

* IHd. vdL sx. p. 29 (1879). 4 

* Manchester PMh si. 1873, p. 122, 


Bnd. voL sis. p. 6 (1878). 
IbU, vol. xsi.p. 477 (1880). 
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The numbers show that during the year of few sunspots the barometer 
stood higher with westerly than with easterly winds. The third row- 
gives the difference in the height of the barometer with north-westerly 
as compared with south-westerly winds. The observations used were 
those taken at the Eadcliffe observatory. It would be interesting to see 
how matters have been going on since 1868. 


General Hcmarlcs on the Reduction of Observations. 

The task of proving a periodicity in meteorological phenomena coinci¬ 
dent with that of the sunspots is by no means an easy one. For such 
a periodicity, if it exists, is clearly mixed up with other and larger varia¬ 
tions, which may hide the period in question. It becomes, then, necessary 
to inquire what are the processes of reduction that are most suitable for 
the purpose. In the first place, wherever it is necessary to hide short- 
period inequalities, we may do so by taking means over suitable periods. 
For instance, in investigating the effect of tho sunspot period, it is quite 
justifiable to take mean values of the quantities we are investigating 
over three or five years. We shall thereby reduce the amplitude of the 
longer inequalities, but they will be more clearly defined, as we have de¬ 
stroyed completely all inequalities of less than three or five years. No 
exception whatever can be taken to such a process as this; and if the 
curve thus smoothed dovrn shows evidence of similarity to the sunspot 
curve fora sufficiently long period of time, we may take the connection to 
be a real one. 

In some of the investigations, however, it seemed advisable to take a 
slightly different plan. Thus, for instance, Professor Balfour Stewart, in 
his consideration of temperature ranges, has compared certain daily values 
with the average of the same values over twenty-four days. Now, in this 
process the different periods are very unequally affected. Professor 
Stokes ^ has given us the formula which enables us to see the 'way in 
which such a reduction influences the amplitude of different periods. If 
the amplitude of the original period is taken as one, then the amplitude 
of the reduced period is given by— 


sin — sm — 

_N _ _N 

u sin - m sin - 

N TJ 

where n and m represent the periods over which the averages have 

been taken. 

Applying this formula to the case under considei’ation, I find that, 
while a period of twenty-four days approximately would have its ampli¬ 
tude reduced in the proportion of 1 to 0*96, a period of eighteen days 
would bo increased in the ratio of 1 to ITS. For Dr. Stewart’s purpose 
it would have been better, therefore, to have taken his means over about 
thirty days instead of twenty-four, as it was the inequalities of twenty- 
four days that he was specially investigating, and wishing to increase 
relatively. 

* In a paper by J. H. Poynting, JProe. Btat, Boc>, London, 1881 
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It happens occasionally that any one single sunspot period does not 
give a olear periodical variation of some meteorological quantity; this 
does not prove that no connection .exists, hub only that, if it does, it is 
hidden under some larger irregularit}^ To show a connection we should 
have to take a longer series of observations into account, and see whether 
the average at sunspot maxima shows a different value from the average 
of snuspot minima* It is in investigations such as these that we must 
be specially careful nob to he misled by accidental coincidences. Fourier 
has taught us that any variable quantity, however irregular, can be re¬ 
presented by a series of harmonic variations, and there need be no 
physical ideality at all attached to such a periodicity. Let us suppose, for 
instance, that we want to see whether some quantity shows a periodicity 
of ten years. The simplest w'ay to proceed would be to break up our 
series of observations into parts of ten years^ duration ; each part would 
contain ten terms if yearly means are employed, and we could now 
take the average of corresponding years; that is to say, the average 
between the years 1, 11, 21, and so on; then the average between the 
years 2,12, 22, and so on. We should then get ten values, and if these 
values were to show a regular increase or decrease, we might conclude 
that a ten years periodicity really existed. But that is by no means 
necessarily the case. Any quantity, however irregular, will, according to 
Fourier, be decomposed into periods. A marked increase and decrease 
would only prove that the quantity when so decomposed has the ampli¬ 
tudes of all submultiples of ten years smaller than the amplitude 
of the ten years period. But the amplitudes of periods less than ten 
years have often, in the investigatious to which 1 am referring, been 
already reduced or destroyed by the peculiar way of taking means. So 
that nothing at all is really pi’oved. It is even difficult to see, consider¬ 
ing that we have such a small number of sunspot periods at our disposal, 
how any satisfactory plan of reduction can be devised. It will be better, 
therefore, at present to attach only very secondary value to coincidences 
which do hot make themselves perceptible in each period. Should it ever 
be proved that there is really a change in the sun’s radiating power in 
diflerent years according to the number of sunspots, the case would be 
altogether changed. We might then take it for granted that all met- 
eorolo^eal phenomena present the same period, and the process of 
averaging between different periods would justly help ns to fix the 
amplitude and the phase of the oscillation. 

I therefore in what follows, for the reasons just given, pass very quickly 
over, or altogether omit those coincidences which seem to be subject 
to the above criticism. 


Liiensitij of TFmd. 

The most important investigation under this head is no doubt Mel- 
drum^s comparison of the number of gales in the Indian Ocean in different 
years. The following table speaks lor itself. The greater number of 
cyclones during times of many sunspots appears very clearly. 
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Year 

Number of 
Cyclones 

Wolfs Sunspot ' 
Numbers 

Year 

Number of 
Cyclones 

Wolfs JSuuvSpot 

N umbers 

1847 

.5 

97-4 i 

1801 

11 

77*7 

1848 

8 

124 9 Maximum 

1862 

10 

61-0 

1849 

10 

95*4 ! 

1863 

9 

45*1 

18o0 

S 

69 8 

1864 

5 

45*2 

1851 

7 

63-2 

186,5 

7 

31*4 

1852 

8 

52-7 

1866 

8 

14*7 

1858 

8 

.88*5 

1867 

6 

8-8 Minimum 

1854 

4 

21*0 

1868 

7 

36*8 

1855 

5 

7-7 Minimum ' 

1869 

9 

78‘(; 

1856 

4 1 

.5-1 ;i 

1870 

11 

131*8 Maximum 

1857 

4 

22-9 

1871 

n . 

113*8 

1858 

0 ! 

.56*2 

1872 

13 

f)9*7 

1850 

15 

90-3 

J873 

12 

67*7 

1860 

18 

94-8 Maximum ' 



t 


Poey Las inyestigated in a similar mannei* tlie cyclones in tlie West^ 
Indies, and Lis resnlts are favourable to Meldnim’s conclusion. 

We also possess a large number of reductions of strength and directioni 
of wind on land. These, on tbe whole, seem to show that intensity is 
stronger at times of maxima sunspots, but the connection is by no means- 
certain. 

Hatvfalh 

The investigations of the amount of rai nfall are very numerous. They 
have generally but not uniformly led to the result that the fall is greater 
in years of many spots, but the reductions are often subject to the 
criticisms which we have discussed, and I must therefore refer those who* 
take an interest in the subject to the original papers. 


Hail. 

It is remarkable that the haiifall statistics have led to a much more 
decided result than the investigations on rainfall. We owe to Fritz some 
extensive investigations on the subject; instead of giving his tables, it 
will be better to plot down his results so as to obtain curves of hail¬ 
stone frequency. Curve 1 (Plate III.) gives the sunspot curve ; curves 2,3, 
and 4 give that of hailstone frequency. In curve 2, five yearly means 
of observations taken at Milan, Udine, Vienna, and Prague are combined. 
Curve 3 represents similar means of observations taken at Stuttgart, 
Bremen, Basle, In curve 4 the observations of Cuba, Stuttgart, 
Bremen, Chiswick and London, Boston, Piovidence, are taken into 
account. A few series of observations which wc possess from last century 
are decidedly favourable to the same conclusion. The connection between 
sunspots and haiifall is fairly well established. 


Clouds* 

Humboldt supposed that there exists a carious connection between 
the aurora borealis and the clouds which are known under the name of 
cirrus^ or cirro-stratus. Though Humboldt's view has not been proved, 
there is yet a greal deal to be said in its suppc3:t. It becomes interesting, 




54^^Re^’ortBntAssoc M4 Pinto III 



Curve 1 represents Snnspot Prequeiicy. 


Carve 3 represents Mfall Frequency* at Stuttgart Bremen, and Basle. 
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tlieiJ, to inquire whether the frequency of these cirri or cirro-stratus 
changes with the sunspots. The connection has, indeed, been fairly well 
established ; and the greatest number of cirri are nearly always observed 
when many aurorjo are observed—that is, generally, when there are many 
spots on the sun. Kow, the cirri are clouds in which the water is, in all 
probability, in a frozen condition ; and we are thus brought directly from 
the sunspots through the aurora to temperature effects. The meteorolo¬ 
gical quantities hang, indeed, so closely together that, as soon as we admit 
a connection between sunspots and aurorae, we admit their connection 
with other meteorological phenomena. We ought not then to asV, ‘ Is 
there a relationship between sunspots and the weather? ’ but rather, * Is 
the relationship sufficiently large to be observable by means of our ordi¬ 
nary instruments ? ’ 

If cirri occur most frequently at times of frequent aurorae, and if cirri 
are due to clouds of ice needles, we ought to see most solar halos at times 
of many aurorae. This has been shown to be the case by Sophus Trom- 
lioldt. Between the years 1857 and 1873 the number of solar balos varied 
exactly in the same manner as the number of aurorm ; they also showed 
the maximum in each year at the time of the equinoxes. 

Investigations have also been made with regard to other clouds, and it 
has generally been found that the greatest num&r of clear days in Central 
Europe occurred at times of few spots on the sun. 


Tlmnderstorms, 


Professor von Bezold^ has recently published a most interesting 
memoir on the distribution of lightning flashes which have done damage 
to dwellings in the kingdom of Bavaria. As the insurance is altogether 
in the hands of the Government, the kingdom is peculiarly fitted for 
such an investigation, there being a fairly complete set of statistical data 
available for the last fifty years. 

The following table will show that the numbers of fires caused by 
lightning is quite sufficient to base an inquiry on them. It will also 
plainly show the very remarkable fact that the flashes of lightning which 
have done damage have enormously increased in the last fifty year's :— 


Petioil 

1833-1843 

1844-1865 

1866-1873 

1880-1882 


Fires by lijshtning 
355 
. 1,142 

1,550 
401 


Yearly averatre 
32*3 ^ 
51-9 
. 103-3 

. 133-6 


This astonishing fact, which seems to hold true not only for the 
Hngdom of Bavaria, had already previonsly been ootnmented upon, and 
formed the subject of a separate investigation by Holtz. It is by no 
means due to the greater number of houses insured in recent times, for 
HX the last fifty years that number has increased only thirty-five per 
^nt., while the number of houses struck has increased over three hun- 

Sezold thinks that there is evidence to 
that during the second half of last century the number of houses 
imaged was also larger than in the first half of the present one. But, 

* AM, Kais, Alad, Muneheny vol, sv. (1884 . 
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in addition to this continued increase of damage done by lightning since 
1833, there seems a clear connection with the sunspot variation. The 
years of maximum sunspots were 1837, 1848, 1860, and 1870; but we 
find minima in the per-centage of houses damaged in 1S3G, 1849, 1860, 
and 1870. These are, however, not the only minima, but between each two 
of them there is another, so that we generally have a comparatively small 
number of houses damaged in tbe years of sunspot minima as well. In 
other words, the curve of houses damaged shows with perfect regularity 
a double oscillation for each sunspot period, the maxima of sunspots cor¬ 
responding more closely to the better defined minima of lightning flashes. 
It is curious that Fritz had come previously exactly to the same conclu¬ 
sion in reducing the number of thunderstorms observed in the Indian 
Ocean. He had then taken the result to be unfavourable to a connection 
•with sunspots; but now that the same law is found to hold so accurately 
in Bavaria, it certainly deserves very close attention. Professor von 
Bezold has pointed out that the annual curve of thunderstorm frequency 
shows a similar double period. There is a very decided maximum in 
summer, but secondary maxima exist in January. It ought also not to 
he forgotten that the aurorm show evidence of a similar double period. 
During the years of minima of spots there is often a small increase in their 
number. 


Harvests^ Famines^ and Commercial Grises. 

The question of harvests is principally of historical interest, for be¬ 
fore the relationship of solar phenomena to torrestrial magnetism was 
suspected, Sir William Herschel tried to find a connection b^etween sun¬ 
spots and the price of wheat. He came to the conclusion that the price 
of wheat was generally higher at times of few sunspots. When Herschel 
obtained these results, the periodicity of sunspots had not been disco¬ 
vered, and he had therefore to take the years during which, as shown by 
the records, sunspots had been looked for but not discovered, and to com¬ 
pare them with the years which followed and preceded. The investiga¬ 
tions which have been made since Herschel’s time have not led to any 
decisive results, and do not therefore deserve any more detailed account. 
The wine harvests give, however, very curious results. I have pointed 
out that the best years of Rhine wine in this century are all very close 
to years of minima of sunspots.^ The years 1783,1811, 1822,1834,1846, 
1857, and 1865 are known iov the quality of their wines; and we have 
sunspot minima in ¥785,1811, 1823,1834, 1844, 1856, and 1867. 

Fritz has subjected the quantity of wine yielded by the vineyards in 
Prussia to a careful analysis. The result proved a very decided period during 
this century. The quantity was always larger in the period between a 
sunspot minimum and the following maximum than at times of decreasing 
sunspots. The numbers obtained for other countries give the same re¬ 
sult, the years of largest quantity gene:^ally falling near, but a few years 
previously to the sunspot maximum. If the quality is taken into account, 
we find the best qualities preceding the years of greatest quantity, and 
falling, therefore, as already pointed out, near the years of sunspot 
minima. It is certainly a suggestive fact that tbe vine, which depends so 
much on solar radiation for the proper ripening of its fruit, should sliow 


1 Fatnre, v., p. 501, 1874. 
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STicli a decided sunspot period, bofcli in the quality and in the quantity of 
its produce. 

Dr. Hunter has endeavoured to connect together the years of famine in 
Southern India with the sunspot minima. The question of famines is, of 
course, intimately connected with that of rainfall, which latter, as I have 
pointed out, has not hitherto yielded any very decided results. The diffi¬ 
culty consists in the local circumstances which at diSerent places com¬ 
plicate the result very much; and while it is therefore impossible to deny 
a certain value to Dr. Hunter’s conclusions, we shall do well to suspend 
cur judgment until another sunspot cycle will have given us more ample 
material. 

Stanley Jevons ^ has pointed out a periodicity in commercial crises, 
and has endeavoured to connect it with the sunspot period. 

The regular recurrence of crises at an interval of a little over ten years is 
very striking, hut the disagreement of the period itself with that of the sun¬ 
spots is fatal to the hypothesis of any true connection. Jevons was misled, 
hj a paper of Allan Broun, to adopt a wrong average period for the sunspot 
activity. Sunspots were very irregular at the end of last century, and there 
seemed at one time a doubt whether we ought to count two long or three 
short periods between the years 1885 and 1804. Wolf adopted the former, 
and Allan Broun the latter view. Accordingly they obtained different 
values for the average sunspot period. There seems at present to be no 
doubt that IIT years is the true average period, as this is the length we 
obtain by leaving out of account altogether the period of in^egularity. 
The very regularity indeed of the series of commercial crises is an argu¬ 
ment against its connection with the sunspot period, which itself is rather 
irregular in length. We find, indeed, that those terrestrial phenomena, 
which are proved to depend on the pi'esence or absence of sunspots, par¬ 
take of. the same irregularities which are shown by the sunspot curves. 

An important contiibution to the discussion of the general question was 
made by Professor J. H. Poynting.^ His primary object was to determine 
whether there was a general meteorological cause operating, which, during 
<5ertain years, infiuenced the yield of certain crops in the same way all over 
the world. If this is so, the curves representing these yields ought to 
have approximately the same shape in every country. We need not hei^o 
«nter into the method wliich Professor Poynting has used to smooth down 
his curves. The result of his investigation seems to show that the price 
of wheat has varied approximately in the same manner in England and in 
Delhi. The curves representing the cotton crops in different countries 
ehow a stiii more striking resemblance to each other, and the yield of 
ootton seems to vary inversely as that of the wheat crop. All this is dis- 
iinctly in favour of a common meteorological cause affecting widely 
different parts of the earth in the same way. There seems, howey^r, no 
striking similarity between the crops and the variation of sunspots, except 
in the case of the silk crop in China, as shown by the curve of imports 
firom that place. 

Gosniical Phenomena, 

Although we are here directly only concerned with terrestrial matters, 
yet of importance to point out that the causes which are operat¬ 
ing wiH very likely be found to operate all through the solar system. The 

» mfire, xix. p. 588 (1879). ^ Froe, Stat Soc. vol. slvii. p. 240. 
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evidence of periodical changes in the appearance of the surface of Jupiter 
is very strong. Wolf was the first to draw attention to these periodical 
changes. More lately, Ranyard tried to show that the distinctness of the 
belts, as well as the appearance of certain spots in the atmosphere of 
Jnpiter, pointed to a connection with sunspots. Dr, Lohse has further 
investigated the matter, and has found a strong evidence of periodical 
variability in the belts coincident with sunspot changes. 

The celebrated astronomer Bruhns has made a remark which, if con¬ 
firmed, would throw a great deal of light on the whole matter. According 
to him, there were fewer comets visible during this present century at 
times of minimum than at times of maximum sunspots. As we know 
comets to be connected with swarms of meteorites, we might perhaps 
ultimately find the sunspot period itself to be due to the periodicity of 
such swarms, having their perihelion close to the sun. This was first sug¬ 
gested by Johnstone Stoney,^ and have brought forward arguments 
in favour of this view. The remark of Bruhns has, however, been much 
weakened by the subsequent inquiries of Wolf. Fritz, on the other hand, 
Las pointed out that the centuries iu which we know that many large comets 
have appeared have also been remarkable for the display of aurorae and 
of sunspots, while the seventeenth century was poor alike in comets and 
in aurorm. 

Gond 1181071. 

Having thus given a rapid survey of those meteorological phenomena 
which possibly or probably may be connected with occurrences on the 
solar surface, I must leave every one to draw his own conclusions. But 
few, I think, will not re-echo the following eloquent remarks of Professor 
Stanley Jevons;— 

‘ But why do we beat about the bush, when all that is needed is half a 
dozen of Pouillet’s heliometers with skilled observers, who will seize every 
day to determine directly the heating power of the sun. Whj do we not 
go to the great luminaiy himself, and ask him plainly whether he varies or 
not P If he answers Ho, then some of us must reconsider our theories, and 
perhaps endure a little ridicule. But if, as is much more likely, he should 
answer Yes, then the time will come when the most important news 
in the “ Timeswill be the usual cablegram of the solar power. Solar 
observatories ought to be established on the table-land of Quito or 
■Cusco, in Cashmere, in Piazzi Smy th^s observatory on the Peak of Teneiufie, 
in Central Australia, or wherever else the sun can be observed most free 
of atmospheric opacity. An empire on which the sun never sets, and 
whose commerce pervades every port and creek of the sunny South, can¬ 
not wisely neglect to keep a watch on the great fountain of energy. From 
that sun, which is truly “ of this great world both eye and soul,’’ we derive 
our strength and our weakness, our success and our failure, our elation in 
commercial success, and our despondency in commercial collapse.’ 


Pwc. Roy. SoG. xviU p. 1,1868. 


- OdservaUry 11. p. 263, 
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Oa the Seat of the Electromotive Forces in the Voltaic Cell. 

By Professor Oliver J. Lodge, D.Sc. 

(A comimmication ordered by the General Committee to be printed vi extenso 
among the Reports.) 

As this is the first formal discussion ever held in Section A, I may be 
permitted in starting to say with what hope I look forward to these dis¬ 
cussions in the future, and how anxious I am that they should succeed. 
I have attended the meetings of the British Association consecutively for 
twelve years, and have been gradually more and more impressed with the 
small result the Sectional meetings have, as compared with what might be 
expected considering the magnitude of the men who frequently take part 
in them. In this Section room physicists from all parts of the British 
Isles, as well as from Europe and America, are more frequently to be met 
with than at the meetings of the Boyal Society itself, and the whole 
atmosphere ought to be favoarable to a free and informal interchange o£-* 
opinions, most beneficial, instructive, and stimulating to the younger men 
like myself. And to a great extent this is the case, especially when our 
present sectional President is at the meeting, whether in the chair or out 
of it. But still as a rule, mitigated it is true by a few brilliant exceptions, 
there is a long list of somewhat dreary papers to be worked through every 
day, the discussion on each being nipped in the bud in order to get on to 
the next and clear off the list. 

In favour of this practice of encouraging papers rather than discussion, 
it may be truly urged that useful discussion on abstract papers such as we 
are likely to have in this Section is almost impossible: only in case he 
has been recently working at a similar subject, does an ordinary physicist 
feel competent even to ask a pertinent question. But if papers on fun¬ 
damental or controversial topics were encouraged and definitely asked for 
in good time beforehand, workers might be encouraged to look up that 
particular subject specially, to read its literature, to make experiments 
on it perhaps, and generally to give it that careful thought without which 
‘ discussions can neither be lively nor fruitful. Abstract papers can at any 
time be communicated to one of the learned societies whoso business is 
with papers and their publication, and where the general public are not 
admitted. It was with these ideas that the Secretaries of the Section 
last year agitated for the inauguration of such discussions, and, thanks to- 
the energy of Dr. MacAlister, the first of them now begins at this unique 
and most interesting meeting. 

The subject chosen for the present discussion illustrates in a remark¬ 
able way the need for such conversations. It is scarcely crediblo at the 
present rate of progress that, eighty-four years after the discovery of the 
voltaic pile, opinion should still be utterly divided as to the seat of the main 
E.M.F. in it. I venture to hope that it may now be decided, ahd a sub¬ 
stantial agreement arrived at with respect to it. My business is to open the 
discussion, but it so happens that for some seven or eight years I have 
believed myself to see more or less clearly to the root of this particular 
matter, and a laborious review of the literature of the subject has only 
strengthened my conviction. Having therefore strong and definite views. 

I can hardly help letting them appear, and without assuming prematurely 
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ihsbt these views are agreed with, they may yet serve as links with which 
to connect the facts and the multifarious observations thereon. 

1. Tn the course of my reading on the subject, I have found only two 
great and epoch-making papers, that of Yolta in 1801, and that of Sir 
William Thomson in 1851. Other contributions are some of them 
keen, like those of Faraday and Clerk Maxwell; some of them laborious, 
like those of Hankel and Ayrton and Perry; but none contain anything 
essentially and powerfully new except those two: unless indeed we 
include in the subject the immensely important phenomena of Seebeck 
.and of Peltier, and Faraday’s fundamental law of electro-chemical decom¬ 
position. 

Yolta ^ showed that when two metals were put into contact and sepa¬ 
rated, the insulated one was charged with electricity sufficient to make 
gold leaves diverge. He also stated that the contact force between any 
two metals was independent of intermediate metals, so that the metals 
•conld be airanged in a definite numerical series; and he gave the first 
series of the kind— 

Zn'-^---^Pb w-J Sn'—^/-^Fe Cu Ag. 

5 112 3 

Moreover lie started a hypothesis to account for the action, a sort of im¬ 
pulsion or attraction of electricity by matter—an idea subsequently elabo¬ 
rated by Helmholtz. Fabroni^ objected to Yolta’s explanation of his ex¬ 
periment. He denied contact force and considered that the electricity 
was developed by chemical action. 

Then the fight began, and. lasted on and off some half-century. Ojg, 
the one side were Yolta, Davy, Pfaff, Peclefe, Marianini, Buff, Fechner, 
Zamboni, Matteucoi, and Kohlraasch. On the other >vere Fabroni, 
Wollaston, Parrot, (Ersted, Ritchie, Pouillet, Schonbein, Becquerel, De 
.la Rive, and Faraday. 

It was not all fighting ; part of it resulted in a more thorough investi* 
gation of voltaic phenomena, and very often the original point of dispute 
was lost sight of, and Yolta’s fact itself was doubted in the eagerness to 
disprove Yolta’s explanation. The experiments of Pfaff and P^clet,^ 
however, fairly well established the correctness of his observation, and 
Kohlraasch showed how, by means of a DanielFs cell combined with a 
-condenser, to measure Yolta forces absolutely, thus inventing a method 
which has been employed with modifications by Hankel, by Grerland, by 

^ Volta: (tehlerh ^VoHerhtclii iv. 616. See also a carefully edited version 
AnnaZcB de Chim, xl. 1 ser., p 225,1801. 

* Fabroni: Journal de Phydcine de Vahhe Pozier, xlix. 348. 

® Peclefc on the contact of good conductors.— Com2)tes Mendn$, 1838, p. 330.— Poyy* 
jinn. xlyi. 1839, p. 346. Ann. de Ghim. 1842 and 1841, 3 ser. ii. 23.3. 

Pfaif, letter to Gay Lnssac.— Ann. de C%im. 2 ser. xli. 236, 1829. Pfaff.—‘ For 
and against the production of B. by chemical processes, as a consequence of some 
^experiments on the E.M.F. of liquids and metals.’— Pogg. Ami. xli. 1840, pp. 110 and 
197. Experimentum crucis in favour of the contact theory.’— Pogg. liii. 1841, 

p. 303, Phis crux is on p. 306, and consists in substituting ZnSO^ for H^SO^ in a Grove 
cell, and showing that the current through a thin wire galvanometer is stronger than 
before. This, he says, leaves no further shift or evasion (Ausfluoht) for the chemical 
theory. It is a fact we have grown accustomed to, but it u rather surprising that 
the E.M.F. ^iven by ZnS04 should be even higher than that given by H2SO4. A con¬ 
venient * Austiucht ’ could nevertheless be provided for the chemical theory by pointing 
out that the combustion heat Zi,2N03ZS greater than ZnjSO^—£[2,8044 2(H,N0a), if 
indeed the fact he so. Another shift is to talk about basic sulphate and the sourness 
of ZnSt)4 : another is to use the word ‘ dissociation.’ 

1^84 
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Clifton, "by Ayrton and Perry, by von Zabn, and by most other exiieri- 
menters on the subject,^ 



Fig. 1.—Kohlrausch’s Early Form of Condenser. 

^ arc in^ated by silk threads. The fixed wire d, with which the raised pljih' 

elertrometer. The connections are arrangeSfor 

s^eTthf P M W if if is the 

same as tne , See Fogg, Ann. 1848, vol. 75, pp. 88 and 220. 

to measure the Volta effect between two metals, his classical 
1 1851, vol. 82, p. 1. I^ater he improvi'd 

the condenser, bringing it into the form shown in the following fifrure. ^ 





S^‘2.~KohIransnhsl^rFormofCondenser. Seei><^^.^„;,a863.T0h^ 

_ rr. , ^ 
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Wherever electrostatic methods were employed, and where the elec¬ 
troscope was the instrument of research, contact theorists had it all their 
own way, and it was only by apparent effort and twisting of experiments 
that the chemical theorists could maintain their ground. But when 
electric currents were dealt with and the galvanometer used, then the 
chemists had their turn, and they showed most conclusively that no mere 
contact could maintain a current unless heat disappeared or chemical 
action occurred: a fact obvious enough to us to-day on the principles so 
laboriously and finally established by Joule. By means of the galvano¬ 
meter the contact theory was so belaboured by Faraday that it ultimately 
seemed to give up the ghost, and the chemical doctrines triumphed. So 
much so that Yolta’s original fact, in spite of the evidence which had been 
accumulated, was again doubted; and one finds in text boohs culled from 
this period statements that Volta must have had wet fingers, or that he 
rubbed the plates together, or that there was moisture in the air. Also 
hints are given that films existed on the plates, that squeezed coats of 
varnish or lacquer might produce some electricity, and so on. It was 
pointed out moreover by Be la Bive ^ how minute a trace of chemical 
action could produce how much electiucity, and how little electricity could 
affect an electroscope. But it is to be noted that any chemical action caused 
by damp on the plates or moisture in the air would be of the nature of local 
action, and local action is not a satisfactory producer of manageable 
electricity. Sir Humphry Davy is very clear on this head. He shows 
that chemical action need iDroduce no electricity, instancing the burning 
of iron, nitre on charcoal, potash and acid in a crucible or an electroscope, 
<fec. I a plate of zinc placed on mercury and separated is found positive, 
but if left long enough to amalgamate, the compound shows no signs of 
electricity. Davy’s views are singularly advanced, and are worth 
quoting.^ 

into connection with a Lellman electrometer, the other with the earth. The observa¬ 
tion is repeated with a Daniell in the connecting wire, first one way then the otlier. 
Thus three equations are obtained, M/M'=ka, D + M/]vr-kj8 ,D—whence 

or vols. Isxv. p. 88; Ixxxii. pp, 1. and i5, and 

Ixxxviii, p. 465,1851 and 185.S. He gets his results much lower than later experi¬ 
menters ; only 4 a volt for Zn/Cu, and *58 for Zn/Pt. 

^ De la Rive .—TroAU 776.—xxxix.p. 311, 1828. 

® Davy: Bakerian Lecture, 1806. See jPM. Tmn%, 1807,'p. 30: ‘As the chemical 
attraction between two bodies seems to be destroyed by giving one of them an elec¬ 
trical state different from that which it naturally possesses • . . so it may be increased 
by exalting its natural energy. Thus while zinc is incapable of combining with oxygen 
when negatively electrified in the circuit even by a feeble power, silver easily unites 
to it when positively electrified , . . Among the substances that combine chemically, 
all those, the electrical energies of which are well known, exhibit opposite electrical 
states ... In the XDresent slate of our knowledge it would be useless to attempt* to 
speculate on the remote cause of the electrical energy, or the reason why different 
bodies after being brought into contact should be found differently electrified; its 
relation to chemical affinity is, however, sufficiently evident. May it not be identical 
with it, and an essential property of matter ? ’ Page 44: * The great tendency of the 
attraction of the different chemical agents by the positive and negative surfaces in the 
voltaic apparatus seems to be to restore the electrical equilibrium . , . The electrical 
energies of the metals with regard to each other, or the substance dissolved ip the 
water, seems to be the cause that disturbs the equilibrium, and the chemical changes 
the cause that tends to restore the equilibrium; and the phenomena most probably 
depend on their joint agency.* He then gives a very voltaic account of the action of 
the pfie—much in agreement with Sir Wm. Thomson—and endeavours to reconcile 
chemical and contact theorists by pointing out how essential a part chemical action 

H H 2 
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Qaito detached from any connection with the controversy, because at 
that time quite unintelligible to all but one or two here and there, two 
papers appeared in 1851 by the President of this Section, ■which were the 
triumph and apotheosis of the chemical theory of the source of the 
current in the voltaic cell.^ In one of these papers (that oii ‘ Mloctro- 
lysis ’) it is irrefutably established on the basis of the conseuwation oL' 
energy, that, making exception of such irinvcrsiblo cfFocts as are not 
readily brought into calculation, and allowiag for cciliiin possible 
reversible effects to be investigated thermo-electrically, theE.lM.P. of a 
cell is not only dependent on the chemical action going on, but is 
calculable numerically in absolute measure on purely chemical data 
supplied provisionally by Dr. Andrews. It is proper to say, however, 
that this brilliant theory is avowedly based on tlie laborious and acute 
experimental work of Joule on the conservation of energy in the voltaic 
circuit.^ 

In the other of the two papers (that on ‘ Thermo-eloctriciiy ’) it was 
shown that, from the fact that a current absorbed or generated licat at a 
metallic junction, an E.M.F. was necessarily situated there—in other words, 
that the Peltier effect necessitated the previously discovered Scebock one. 

The establishment of the conservation of energy, by Joule, for over 
placed beyond doubt the fact that the energy of the electric current pro¬ 
duced by a battery was due to, and was the equivalent of, the chemical 

plays in the production of a exirrent^ a most clear-sighted thing to do at that date. 
One more sentence may be quoted from this remarkable paper, though it is not 
quite so striking as tlie preceding. Page 49: * These idoas are evidently directly in 
contradiction to the opinion advanced by Fabroni, and which in the early stage of 
the investigation appeared extremely probable, viz., that chemical changes are the 
jrimarxj cause of the phenomena of Galvanism. Before the experiments of M. Volta 
on the electricity excited by mere contact of metals were published, I had to a certain 
extent adopted this opinion j but the new fact immediately proved that another jiower 
must necessarily be concerned, for it was not possible to refer the electricity ex¬ 
hibited by the opposition of metallic surfaces to any chemical alterations, particularly 
as the effect is more distinct in a dry atmosphere, in which even the most oxidisabh* 
metals do not change, than in a moist one, in which many metals undergo 
oxidation.* 


^ Sir W.Thomson: 1. ‘ On the Mechanical Theory of Bloctrolysis and Iho applicat ions 
of the Principle of Mechanical Effect to the Measurement of ElcclroTuotivo Forces in 
Absolute Units.’—P/iiZ.iUhy. December, 1851. JReprwt of Mailienmtlcal and PJujfiical 
PaperSiXol. i. pp. 472 and490. 2. ‘ On the Dynamical Theory of Jluat, part vi. I'h'ernio- 
eiectric Currents.’--Pr(?c. US., Edin.^ Eee. 1851; Trans. ILS. Edin., 1851 j tmd 

Phys. Papers, vol. i. p. 232 and p. 316. 


Helmholtz also clearly applied the conservation of energy to voltaic circuits in his 
memoir, Die Erhaltuny dor Kraft, lead before the Physical fclocioty of Berlin, July 23, 
1847. In this powerful memoir Prof. Helmholtz sails placidly through a great part 
of Physics, applying to various phenomena the then new principle of the conserva¬ 
tion of energy. He ro^rds all action as occurring at a distance, and shows, as is 
well Imown, that on this hypothesis central forces are the necessary and sufficient 
condition of conserved energy. This part may now be regarded as superseded; but 
in the more special portions, among other things, he develops the mechanical theory 
of the E.M.F, of voltaic cells, of thermo-electric piles, and of magneto-machines; 
anticipating in many respects the somewhat later though independent work of Sir 
W, Thomson on these subjects. Prof. Helmholtz’s memoir is easily accessible through 
a tMslatmn, by J[ohn] T[yndaU], which appeared in May, 1863, in the * new series * 
of Seientific Memoirs issued by Taylor & Francis. 

the heat evolved by metallic conductors of electricity, and in the 
cells of a toteiy clumg electrolysis,* i>M. JUdy. [3] xix. 260,1841; * On the electric 
origin of the heat of combustion,* zHd., xx. 98, and xxii. 204; ‘ On the heat dison- 
^ed m chem^l conabinations, PMl Mag, [4] iii. 481. See also Reprint of JouWs 
Papm hy the Phjmal Soczety of Zondon (Taylor & Francis), 
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actions going on tliere; but it was supposed, and is still supposed (tliougli, 
as I venture to tliink, quite erroneously) to leave untouclied the question 
as to the precise seat of the E.M.E. in a battery. 

However that may be, the success of the chemical theory of the 
electric current naturally caused it to be still more certainly assumed 
that the apparent contact force of Yolta could also bo accounted for by 
accidental chemical action, and that ■without some chemical action some¬ 
where no Yolta eiffect could be produced. This also I believe to be quite 
false ; provided always that the phrase ‘ chemical action’ be used in its 
ordinary sense as meaning combination, and that the word ‘ action ’ be 
not explained away as meaning anything whatever. 

2. The triumph of the chemical theorists with regard to the Yolta 
effect was, however, shortlived, for, from 1860, the invention of the 
quadrant electrometer put into the hands of electrostatic experimenters a 
far more I'efined and delicate instrument than could have been thought 
possible a few years before ; and the illustrious inventor of that instru¬ 
ment himself for ever put the truth of Yolta’s phenomenon beyond doubt, 
by the most simple and beautiful device of suspending a charged torsion 
arm over a zinc-copper junction. By comparing the deflection so pro¬ 
duced with that caused by a Daniell cell, an absolute measure of the so- 
called contact force was made; and it was shown that on uniting the copper 
and zinc by a drop of water, instead of by a metal, no deflection was 
produced. It was also shown that the deflection was greatest when the 
zinc was clean and the copper oxidised.^ 

But Sir William Thomson went further than this; he sounded a 
theoretic note, and in a sentence revived the whole controversy about 
the seat of power in the pile. The sentence is this: ‘For nearly two 
years I have felt quite sure that the proper explanation of voltaic action 
in the common voltaic arrangement is something very near Yolta’s, which 
fell into discredit because Yolta or his followers neglected the principle 
of the conservation of force. I now think it quite certain that two 
metals dipped into one electrolytic liquid w’ill (when polarisation is done 
away with) be at the same potential.’ And then he goes on to one of 
those brilliant and extraordinary speculations charactei*istic of no one 
else, and applies this apparent contact force to determine a lower limit 
to the size of atoms—an application obviously of transcendent interest, 
and of more importance than all the previous outcome of contact 
discussions put together.^ 

The whole subject now acquired a fresh interest, and the new series 
of experimental determinations of contact force began, 

3. Hankol’s and Grerland’s measurements belong to this period iu point 
of date (1861-1869), though in method and motive they probably are tht^ 
outcome of the earlier period.^ Hankel uses a modified Kohlrausch method 

^ Pwr. Lit. and Phil. Soe., Manchester. Letter from Prof. W. Thomson to tits 
president, Dr. Joule, Jan. 21,1862. ‘ Now proof of contact electricity.’ Sec reprint 

of papers on Electrostatics and Magnetism, p. 317. 

‘ There cannot be a doubt that the whole theory is simply chemical action at a 
distance. Zinc and copper connected by a metal wire attract each other from any 
distance, so do platinum plates coated with oxygen and hydrogen respectively. 1 can 
now tell the amount of the force, and calculate how great a proportion of chemical 
affinity is used up electrolytically before two such disks come \Yithin any specified small 
distance down to a limit within which molecular heterogeneousness becomes sensible. 
This of course gives a definite limit for the size of atoms,’—Letter to Dr. Joule, 3862, 
cited above. See also Thomson and Tait, Philf Fart II., Appendix E. 

® Hankel: Electr.UnfersucMtn^oi: Ahh. derMni^hSachs. GeselUclwft, Math"Phi 
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and a Botnenberger or Hankel electroscope; lie makes measurements 
of Volta force for namet’OTis metals, but his special merit is the deter¬ 
mination of metal-liqiiid contact forces without introducing blotting 
paper, glass, or fingers, as the earlier experimenters had done. 



Fig. 3.—Eankel’s Arrangement for observing the Yolta Effect between a Miital and 

a Liquid. 

The liquid L in a funnel tube a b, c is a copper plate, and lu the metal under observation, 
rirst r touches v for an instant, then c is raised and made to touch r', which leads to a 
Hankel eieetroineter. 

This gives cu/ii + 3r/L=:ka. 

I hen the liquid is run out of the funnel, a plate of the metal M is placed on its mouth, 
and the expeiiinent repeated. 

This gives cu/MsrkjS 

To eliminate k substitute n plate of zinc for m, and get 

cu'Znssky. Then finallv cu/zn. 

y 

III all these expressions air contact forces are as risual neglected. But it is very tempting 
to try if by increa-sing the number of such equations one cannot calculate some motal/air 
contact forces. Thus the special case when m is copper gives one more equation. We 
can then tal e zinc instead of m, and can also make the condenser plate of zinc instead of 
copper, and so on; but we get no fonrarder, fresh unknowns appear as fast as addi¬ 
tional equation.^, and some of the equations are liable to degenerate into identities. 

So far back as 1824 BecquereP attempted the investigation of metal- 
liquid contacts, and Buff^ made some measurements in 1842, but his 
results are scarcely likely to be reliable considering the poor experimental 
resources of that date. 

Professor Clifton employed EloWrausch’s method in 18?7, using a> 
Thomson electrometer and a Clark cell as standard of E.M.P, Ho hm 
only published a preliminary paper,^ in which he overlooks minutias siieb 
as change of contact force by time and adventitious circumstances. 

and 1S65, See also Pof/ff. Ami. cxv. p. 57, and cxxvi, pp, 280 and 440 ; 

cxsxi. p. 607. 

Gerland; « On the E.M.F. between Water and some Metals,’ oxxxiii. 

1868, p. 613j csxxni. 1869, p. 552. In his second paper, to get over the air effect, 
Oerland joins two metals through a galvanometer, and then dipping thorn into a 
liquid observes the first swing of the needle. He also compensates the E.M.F. by 
Poggendorffs method. He thus determines the value of— 

MjW M'/Liquid+Liquid/ M. 

^ Becquerel: Ann. de Chimie^ 1824. He put the liquid in a copper capsule on the 
|ffate of an electroscope, and connected it with the condenser plate by his fingers. 

* Buff: ZieMffi Ann. Cfiem. n, Pliarm. 1842. He made the lower plate of his con¬ 
denser the metal to be examined; on it he placed glass, and then filter paper 
soak^ in the liquid, which he connected with the metal plate by a wire of the same 
metal. 

» Clifton: Proe. Moyal Soe. xxvi. p. 299,1877, 



ELECTKOMOTIVE FORCES IN THE VOLTAIC CELL. 


471 . 


When he touches on theory he agrees with Thomson. Professor Clifton 
has examined the "Volta effects for the substances ordinarily used in 
battei’ies with great care, and has probably elicited the maximum of 
accuracy possible to his method. He gives the E.M.P. of numerous virgin 
cells in "which no current has circulated. 

Ayrton and Perry in 1876 devised in Japan a very ingenious but 
somewhat unwieldy modification of Kohlrausch’s method, and with the 
help of students carried out a most extensive and laborious series of 
determinations of metal/metal, metal/liquid, and liquid/liquid contacts.^ 



FiCt. i —Ayrton and I^eny’s Apparatus for measuring the Volta eScct with all sorts 

of substances. 


Tlio Mihatances are arranged on tlie lower platfonn, as, for* instance, the metal and liquid shown 
in the tigure at i* and t. The platform a a is capable of rotation through 180® on its rail¬ 
way n. 3 and 4 are carefully insulated gilt plates fixed to a bar which can be raised and 
, lowered. The experiment consists in lowering these plates close to the suifaces to be 
tested, and connecting them with each other for a short time; then raise them, rotate the 
platform through 180°, lower again, and connect them with a quadrant electrometer. 

On the appearance of Clifton's paper the year after, they issued a 
strongly-worded claim ^ in respect both of priority and completeness, a 
claim which seems to me well established, for their results are the most 
comprehensive yet obtained, and the energy needed to devise, construct, 
and use such an apparatus as the one they depict must have been 
immense, A convenient summary of their numbers is to be found in 
Everett’s ‘ Units, ’ second edition. The main result achieved by them is the 
experimental establishment of the summation law for all substances 

^ Ayrton and Perrj’: Brit. Assoc. Glasgow, 1876. Ko abstract printed. Part I. 
Froc, Boy, Soe. 1877 or 1878 is a preliminary account. Part II, describes a metallic 
voltaic cell of magnesium and platinum and mercury, also some experiments on elec¬ 
trolytes of high resistance. Part III. Phil Trans, 1880, is the complete account 
of their published electroseopic experiments. 

- AjTton and Perry : Letter published in 1877 by Meiklejohn, Yokoliama., 




















472 


repob.1—1884. 


(this is not to be confused-witb Volta’s summation or series law, which is 
only applicable to metals), viz., that the total B.M.F. of a closed c^cuit 
of any number of substances may be reckoned by adding up the Volta 
forces observed electrostatically for every pair o£ substances in cont^t. 
This law is, it seems to me, for reasons given later (7), very probable 
theoretically, but still it was quite essential to have it experimentally 
established, especially as they point out that it is often called in question 



Fig. 5.—End view of Aj'irton and Perry’rf Apparatus. 


without good ground. The establishment of this law is, I say, perhaps- 
their main work in this matter, besides the observation of the Volta effect 
for various difdcult substances, especially liquids and liquids. 

Clifton arrives at the same conclusion with regard to summation, and 
gives handy diagrams, reproduced in ‘ Jenkin’s Electricity,’ of the contact 
force at the different junctions. My own opinion is that the intended 
and obvious significance of these diagrams is theoretically wrong, but 
they embody certain experimental results conveniently, and they can 
be interpreted properly. 

Both Clifton and Ayrton and Perry appear to believe in tbe great 
constancy of the value Zn/Cu. Clifton gives it as -8516 Volt. (‘ Quelle 
preoision ! ’ somewhat sarcastically ejaculates Pellat, who himself finds it 
to vary between *63 and *92). Ayrton and Pony assert that it is more 
constant than a Daniel!. I believe that both Professor Clifton and Px^o* 
fessors Ayrton and Perry have made several experiments besides those 
recorded in their communications to the Eoyal Society, but as they have 
not been published I can give no account of them. 

the Theses presented to the Faculty of Science in Paris in 
1881, we find an important memoir by Pellat,^ which reviews the whole 

* Th^s p^eutees ^ la Faculty des Sciences cle Paris, pour obtenir le Grade do 
Doci.enr^s-Seienaes Physiques, par 31. H. Pellat, Professeur de Physique au Lycx^e 
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position very clearly, and records a series of determinations of Yolta force 
among metaJs, determinations which are evidently the most accurate and 
satisfactory yet made. He adopts the capital experimental method of 


sol 



PiO. 0. -Diagram of Pellat’s Method. 


LEGENDE. 


ivL oompensateur. 
o curseur. 

R rheostat. 

r piles Daniell fournissant 1g couraut clii 
compensateur. “ '••rHVBn 

p'p plateaux du condensateur (p fixe, p' 
mobile). 


intoi ruptoiir. 

F feuille d’or. 

A et a' plateaux attractifs de I’clcctroscope. 
b b batteries de 100 volts cliacuue pour 
charger les plateaux a 


The diagram Fig. G pretty 'vvcll explains itself. The contact at m is broken the instant before^ 
p' is raised. 



Fig. 7 shows how this was done in practice. Pulling the string a raises a sliding with a 
shoulder q fixed to it a millimetre below the bar is. The pin thus first breaks"contact near 
ir, and then raises the hinged bar b b, to which the upper plate m is attached. The upper 
plate, being ahvays in connection with a battery, requires no special insulation. The lower 
plate is carefully supported by a Thomson insulator i. The lower plate was considerably 
smaller than the upper one, and it was further protected from stray inductions by a guard 
screen. Screws c c served to regulate the distance between the plates. 


neutralising tlie charge of a condenser by a Poggendorff or compensation 
method, and thus converts Koblrauscb’s into a null mebhod, for which a 
very sensitive electroscope is all that is needed. The plates of the two 

IjOuxs le Grand, No. 461: Juin 22, 1881. See also Journal de Fliynqne, 1881, xvl p. 68,. 
and May 1880. ‘ Difference de potcnticl des couches fSlectriques qui recouvrent deux 
in6taux en contact,’ 
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metals set face to face are connected, not directly, but by a greater or 
less length, of a grjiduated wire conveying a current; and tlie position of 
the slider on tie wire is adjusted l>y continually separating the plates 
and testing nntil no charge at all is found. The step of potential on me 
wire is then precisely equal to the ‘ contact force ’ between the plates ; for 
this would have caused a charge in a situilar but uncompensated con*- 
denser, and the step of potential on the wire has neutralised it. 

Compensation methods of a sort had been used before by Gerlaiid ^ancl 
by Thomson. Gerland applied compensalidon to determine the E.M.ll of 
two metals dipped into a liquid, and Thomson applied it to the divided 
ring experiment, thus making it very analogous to that of Pellat. 

Peilat also adopts Sir Villiam Thomson’s view that tlie^Yolta effect 
is due to a true contact force between the metals, and that it represents 
a real difference of potential between them when in contact; at the 
same time he is careful to point out that no rigorous proof can be 
given of this, and that all that is reallj and certainly measured electro¬ 
statically is the difference of potential between what he calls the electric 
-coats (les Go'llches^ ^lectriques), or what be moi'e simply called the 
air-films, on the two touching metals. 

The following is a summary of same of Pellat’s nieasni'ements, gold 
being the metal vrith which all are compared, and the numbers being 
given in volts:— 

^Diffbbexce or Potential of the Electbic Coats which coveh a Mjstal 

AXD STANnAHC GOLD METALLICALLY CONNECTED AND BOTH IN AlR.’ 


Metals used 

E.M.F, in Yolts 

Mefcila used 

E.M.r. in Yolts 

With very 
dean but 
.seareely 
scratched 
surface 

With surface 
strongly 
scratched 
by rubbing 
with emery 

With very 
clean but 
scarcely 
scratched 
surface 

With surface ’ 
strongly 
scratched 
by rubbing 
with emery, 
or ill some of 
the last cases 
with cloth or 
lilter paper 

Zinc . . . 

-85 

1-08 1 

Iron . . . 

‘29 

•38 

head . • . 

-70 

‘77 ! 

Brass . . 

•29 

*37 

Tin . . . 

; -60 

•78 I 

i Coppe-r . . 

•14 

•22 

Antimony , i 

! -44 

•49 

1 Platinum . 

-•03 

+ -oo 

IJ'ickel , . 

-38 

•45 

1 Gold . . 

-*04 

+ *07 

Bisnintli * . 

-36 

•48 

1 Silver . . 

-•06 

+ -04 

Steel , . . 

■29 

•44 

1 




* I find indeed, th^t Sir W. Thomsoii completely anticipated PclIat in the appli¬ 
cation of galvanic eomi^nsation to the measurement of Yolta effects ; for in Nature^ 
April X4,1881 (vol. xxhi.p. 567), is printed an accsoimt, given in brief at the Swansea 
meeting of the British Assc^ation (see Tran, fij Sects., 1880, p. 494), which relates 
how the dmded ring esperiment natarally developed into more complete compen- 
satmn with slide resistances, and that an extensive series of measurements wore 
mMe on this plan in the years 1869-61 with results quite in agreement with those 
pnhhshed hy Hankel in 1862. Other experiments were made since 1861 with results 
coafirmatOTj of those of Pfaif, 1821, showing the Volta effect to be independent of the 
gas. The desenption of all these expethnents was therefore withheld till 
sometliiiig new should be obtamed by the method^ and was not published nntil Pcllat*s 
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4. Mean^'liile some experimentovs, starting witb a belief in the diemi- 
cal origin of the Volta effect, had made experiments supposed to support 
this view. Mr. J. Brown, of Belfast, in 1878,^ repeated Thomson’s divided 
ring experiment, as well as Kohlransch’s condenser experiment, in other 
gases than air ; and found a very decided difference, and even a reversal 
of sign, when sulphuretted hydrogen was substituted for air. The metals 
Brown used were copper and iron, and he obtained a one centimetre 
deflection in tlie direction indicating iron + in air, while in SH 2 he 
obtained a 3 centimetre deflection indicating that iron was —. On 
readmitting air the deflection again reversed, and so on, until the copper 
coated itself with a bine film of sulphide, when the deflection became 
undecided, owing, as Brown supposes, to ‘the cessation of chemical 
action.’ 



F[rr. 8,—Mr. 3. Brown’s Arrangement for observing the Yolta Effect in different 
Gases by Sir William Thomson’s Method of a bimetallic ring with an electrified 
needle hanging over it. 

In 1881 ho observed a time change (decrease) of the Volta effect at a 
copper-zinc junction, and reckoned that at the first instant after cleaning 
the potential difference would he as high as -9 Daniell, ‘which,® he says, 
‘ agrees with X Thomsen’s determination of the difference of the heats of 
combustion of zinc and copper and oxygen.’ He here gives a hint of holding 

paper had appeared in the Journal de I^hyn^%e, May 1880. Fig. 10 sufficiently exhibits 
Sir William’i. arrangement. In a postscript are described a few additional experi¬ 
ments of the same kind as those published in 1881 by Schultze-Berge, in which a 
platinum plate is soaked for a certain time in dry hydrogen or oxygen, and then 
used in the Yolta condenser. The observation is made that merely soaking a plate in 
gas is more effective than electroplating it with the same gas vrith an E.M.F. of 
a volt. 

^ J. Brown: Pkih Mag., August 1878, Feb. 1879, and March 1881 y see also Brit. 
Assoc., Tmiu, (fleets., 1881, and Meotricim, voL vii. p. 165. 
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a lieterodox notion I do not find in any other of his writings, and 

which I believe he has abandoned even if he ever really held it. 

In 1879 Brown tried a copper-nickel divided ring, substituting HCl 
for air, and here also succeeded in obtaining a reversal of sign. He also 
arranged a divided ring of wet blotting paper, and showed that there 
was a difference of potential when the two halves were touched with a 
zinc-copper couple (which is not remarkable), but he then goes on to 
draw a moral, and to say that the slit of the divided ring corresponds 
to the air-film, and the wet paper to the moisture film in the ordinary 
Yolta condenser experiment. The film of moisture on the zinc plate is 
thus shown to have a + charge, and that on the copper a negative. If 
it be objected that the better the plates fit, the better the manifestation of 
contact E, it is to be replied that it is not to be supposed that there is no 
air between them anyhow (says Brown). Probably, he says, gas pro¬ 
duces the difference of potential only so far as it forms a film on the 
snrface. When a metal and a liquid are experimented on it is probably 
really a 2-fiuid cell, the other fluid being that condensed on the surface of 
the metal. 

Brown thns goes strongly for the activity of the films, or condensed 
air-sheets, which certainly exist on the surface of solids, and which may 
play an important part in the matter; but he supposes that these films 
act by corroding or attacking the plates, and that such a film is neces¬ 
sarily existent between snrfaces nominally in contact if any Yolta effect is 
to he produced, so that if the metal faces really and truly touched all 
over, they would show no charge when separated. Moreover, he lays it 
down that the potential difference is only observed while chemical action 
is going on, but that so soon as it ceases, from any cause, at once the 
Yolta effect ceases too. In all this I entirely differ from him, but his 
experiments are very interesting and much to the point. 

They cannot, however, be regarded as settling the question—the very 
important and fundamental question—as to whether the Yolta effect 
depends on the atmosphere or medium surrounding the plates, or whether 
it is an absolute effect depending on contact alone. Experiments on this 
point are absolutely discordant, and it seems to be one of those points 
which it is very difficult to settle by direct experiment. For if by 
using a chemically-active gas instead of air, you get a positive result or 
change in the Yolta effect, the answer from the other side is; ‘Yes, of course,, 
because your plates are corroded and coated with sulphide or chloride, 
or something whose contact forces come in and modify everytliing.’ If, 
on the other hand, you get a negative result when you substitute some 
inert gas like hydrogen for air, then it is objected that you haven’t 
removed the air film which the plates had contracted from long standing 
in the air, and if you answer indignantly that you did, and that your 
hydrogen was perfectly pure, it is replied with a sneer: * Oh yes, it is 
' not so easy to get pure hydrogen as you seem to think.’ 

^ Moreover, suppose a positive effect on changing the gas toas esta¬ 
blished, what then ? Nothing is settled except that the metal /air con- 
force is proved to be somewhat different from the metal/gas contact 
force. There seems to be really no way of knocking contact force on tho 
hfad experimentally, and this probably because it is a reality: there 
%8 a contmt force at every funciion of dissimilar stihstances; and 
the a circuity whether it he inductive or conductive, is always 

the mm of imh emkict forces^ I do not say that the contact force at 
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any giYeii locality lias the value ordinarily assigned to it as the result of 
experiment. 

The earliest attempt made to examine the question as to whether the 
Tolta effect depended on the atmosphere was made by Pfalf ^ in 1829, who 



Fig. 9.~'Pellat’s Apparatus for experimenting in difCerent Gases and at dift’erent 

Pressures. 

The movable plate is now the lower one, and it is pulled clown by an electromagnet e a little 
way against the springs u, which tend to drive it up against the screw stops c. Contact 
is automatically broken at (j the instant before separation. The bell jar has 35 litres 
capacity, the diameter of each plate being 15 centimetres. It must be impossible to employ 
anything like pure gases in a bell jar enclosing such a bulky mass of heterogeneous mate¬ 
rial ; and the pressure was found not to go below 2 or 3 centimetres of mercury. Howe^'er 
he has since made a smaller arrangement of 1 litre capacity, with plates G centimetre.s 
diameter, and, what is more important, with the electromagnet outside, and nothing inside 
but glass, mica, and metal. In this the pressure goes down to a millimetre. But even 
this is not all that could be wished. Moreover the experiments described had been made 
with the larger apparatus. 

used dry and damp air, oxygen, nitrogen, hydrogen, carburetted hydrogen, 
and carbonic acid, and he found that there was no difference so long as 
no visible chemical action occurred; but it must be noted that the opposing 
faces of his plates wore varnished. De la Eive, on the other hand, asserted 

' Pfaff \ Ann, dc Ch'itn,^ 2 ser, xli. 236. The metals he employed were copper, tin, 
and zinc. 
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that there was no Yolta e:ffiect in the slightly I’arefied air then known as 
‘ vacuum.’ 

In recent times Pellat has investigated the subject, and has coino to a 
conclusion in agreement with Pfaff, viz., that the differences are very small. 
The metals used by Pellat were copper and zinc, and the gases wore air, 
dry and damp, dry oxygen, dry nitrogen, dry and pure hydrogen, di’y and 
pure carbonic acid. He finds slight variations, but exceedingly slight, 
and such as Pfaff, Exner, and Brown could hardly have detected. Ho 
says: ‘ Au surplus, il est fort probable que, si quelques-uns des auteurs 
precedents avaient tente les experiences que j’ai faites au sujet des gaz, 
ils auraient trouve des resultats negatifs; les faibles variations produitcs 
par le changement des proprietes du gaz que j’ai pit mettre ncttemont 
en evidence, grace a la precision des mesures, sont au-dessous des erreurs 
experimentales de leurs mebhodes, ou a peine superienres dans les cas les 
plus favorables.’ 

In all the above gases he has also studied the effect of varying the 
pressure. Low’ering the pressure slightly increases the observed differonoo 
of potential, but the change lags a little behind the pressure variation. 
Damp and dry air behave in the same way. In oxygen the effects of 
pressure are rather better marked. Nitrogen gives nearly the same 
numbers as air, but after, it has been in for some time the number.? are 
slightly lower than at first. Hydrogen gives a little greater effect than 
even rarefied air ; rarefying hydrogen does not alter it much. Carbonic 
acid gives the same numbers as rare air or dense hydrogen. As for liquids: 
plates wetted with alcohol give the same result as if immersed in plain air. 

Yon Zahn ^ also tried a condenser in various gases and found no dif¬ 
ference, hut when he tried a platinum zinc condenser in the highly 
rarefied air now known as vacuum, with some melted sodium in a branch 
tube to absorb all the oxygen, the Yolta effect was diminished, and only 
represented a potential difference of half a Daniell, I am not clear wliethex^ 
sodium can he trusted to ultimately absorb every trace of oxygen, but I 
should judge it would take a very long timeand as to I'arefaotion— 
dividing the numbers of molecules in a vessel by a million or two leaves 
them quite numerous enough to accomplish anything they want. 

Sir W, Thomson has also made experiments in different gases with 
negative results,^ These experiments are not described in detail, but 
they were made with the apparatus shown in fig. 10. 

^ The views of Ayrton and Perry on the subject of the effects of 
atmosphere underwent modification between their first paper and tboir 
third. In their first paper they say they have good reason to believe that 
there is no great difference of potential between a metallic or liquid 
surface and the air in contact with it. 

Clerk Maxwell in a letter to the ‘ Electrician ’ ^ pokes fun at thorn 
for lihis, saying; *A statement like this, coming from men whoso 
scientific energy is threatening to displace the centre of electrical 
development, and to carry it quite out of Europe and America to a 
point much nearer Japan, is worthy of all attention, even without an 
explimt statement of their good reason.” But Mr, J. Browri has shown 

Pbii Mag.’ August 1878) by the divided ring method of Sir W.. 

, ' * qa^ted M 

** -^ssoc., Tmm. of Sects,, Swansea, 1880, p. 404. See a previous 
April 28,1870, 




!Fia. 10.—Sir Win. ThomsDii’s Compensation arrangement for measuring Volta-force in air and gases by a mill method, devised and used 

in 1859, published in 1880. 

The upper plate of the condenser is uninsulated, and slides up aud down from one-fiftieth to a quarter or halt au inch horn the lower insulated plate, winch 
ia permanently joined to the eiectrometer. The upper plate is put in coiiiiminiuation with the loiver one mouieuturily through the blidc resistauce, and 
is then raised, the position of the sUdc being adjusted till no defieetion ensues, 
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Thomson, that whereas copper is negative with respect to iron in air, it 
is positive with respect to iron in II 2 S. It would appear therefore that 
the reason why the results of metals by the ordinary “ contact force ex. 
periments harmonise so well with the comparison by dipping both metals 
in water or an oxidising electrolyte, is not because the E.M.F. between a 
metal and a gas or an electrolyte is small, but because the properties of 
air agree to a certain extent with those of ordinary electrolytes. IVr 
if the active component of the electrolyte is sulphur the results are quite 
difierent, and the same kind of difference occurs when hydrogen sulphide 
is substituted for air,’ 

lu their third paper,^ therefore, we find Ayrton and Perry’s views 
<;hanged, and they clearly state that their experiments, like all those based 
-on inductive methods, leave the question of aii’ contacts quite undecided. 

They then go on to say: ‘One way of determining the E.M.F. of 
'Contact in volts between a substance and air, and a way we hope shortly 
to employ, is to repeat all these exact contact experiments in different 
gases [it is not quite true that this would give the results required, 
because it would only give differential effects ; very important to observe, 
no doubt, but not the same as observing the actual contact force of air or 
of gas]. ... We shall thus ascertain whether the contact difference of 
potentials of a substance and a gas differs much for different gases. 
Qualitative experiments in this direction have already been made with 
very interesting results by Mr. Brown, of Belfast, but bis experiments 
differ from ours in not being quantitative.’ [Only, as their experiments 
do not yet exist, Mr. Brown’s have still some value.] 

In vol. xii. of ‘ Wiedemann’s Annalen ’ ^ I find some interesting experi. 
ments by Schnltze-Berge on contact force between metals and gases. He 
uses a condenser and different gases, but the plates of his condenser are 
both of the same metal, and he coats one of the plates with a film of the 
gas, say chlorine, or hydrogen, or ozone, and leaves the other covered with 
air. To measure the potential difference he employs the compensation 
method of Pellat, and his aiTangement seems fairly satisfactory. But he 
does not explicitly enter on the question as to the seat of E.M.P. in the 
Yolta experiment (except in a controversy with Professor Exner). Ho 
assumes that a contact force between metals and metals and between 
metals and liquids has been established, and he wishes to extend it to the 
contact of a metal and a gas. Believing fii’mly in the existence of films 
of condensed gas at the surface of a solid, which films require time for 
their formation or removal, he deems it sufficient to soak one of the plates 
of Ms condenser in the gas to be examined, and then to take it out and 
measure the difference of potential between it and the other plate coated 
only with a film of air. Tried thus, ozone rendered gold, platinum, and 
bra^ negative as against the corresponding air-covered plate. Hydrogen 
imdered its platinum strongly positive, but its influence on gold was 
shgM, and on brass nneertain. Chlorine and bromine made platinum 
negative, and ammonia made brass positive. 

_. -I ,1 , ^ 


or ottiOT coaabinatioB. Against this' is"to Q urged the feTt" that 
aster reapooral from-the gas the effect dimiuished with time, and the plates 

* Phil 1880. 
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gradually returned to nearly tlieir former state. He tried if lie could 
remove tlie gas film from one of tbe plates by exhaustion under an air- 
pump, and the plate so treated exhibited a difference when taken out and 
compared with an ordinary plate; but be was cautious enough to repeat 
the experiment, leaving the plate under the bell jar for the same time and 
not exhausting. The same difference appeared, so he attributes it to 
possible grease. 

This is the right sort of way to make experiments, and if everybody 
experimented with proper care there would be vastly fewer papers pub¬ 
lished in Germany, and science would progress on the whole faster. 

At present it feels to me overladen with a mass of publication, mostly 
of necessity by men of not absolutely the first order, much of it with no 
sort of clearness or insight, but rough, crude, and ill-digested. A man 
makes a number of experiments; he does not stop to critically examine 
and weigh them, and deduce from them their meaning, nor indeed does he 
often take the trouble to examine whether any definite meaning can in 
their then shape be drawn from them ; hut he rnshes with them into 
print, producing a memoir of wearisome length and sometimes extreme 
illiteratencss of style. 

Some one else then has the trouble of wading through the heap to see 
whether any fragments of value may perchance be imbedded in it, and 
probably he is unable to come to much definite conclusion, because he 
cannot be in so good a position for criticism of the experiments as the 
original author was. He therefore wiutes a paper pointing out defects 
and errors in the communication. Others take up the same line, the 
original man replies, and so there is a controversy, and nothing is really 
settled at all. Finally, some one else independently goes over the whole 
ground from some distinct point of view, makes a few well-planned, clear, 
a»nd decisive experiments, describes them in a compact and readable form, 
a.nd there results a definite gain to science. But how much better would 
it have been if this last paper had been the only one published ! Unless a 
man is an experimental genius of the highest order, it is necessary for him 
to think for far more time than he experiments, if he wishes to advance, 
.and not to lumber, his science. If it be objected, as indeed it may with 
:great truth be, that one man’s life and capacity are not sufficient for this 
in the present state of knowledge, tho objection constitutes a strong argu¬ 
ment in favour of the proposition that the time has come for an organic 
sation of science and a more definite division of labour. 

To return to the experiments of Herr Sohultze-Berge. One is not 
ahle to say after all that they are very satisfactory, for they do not 
distinctly settle any question. The general conclusion he draws from 
them is the apparently safe one that the contact force between a metal 
and a gas is not in general the same as between a metal and air. Even 
this is not absolutely safe, however, because it might conceivably be that 
an air/gas contact force caused all the difference. Granting that this is 
unlikely, the experiments are in favour of a contact force between metals 
and air or gas, but they do not establish the fact any more strongly 
than, if so strongly as, Mr, Brown’s experiments had already done: the 
weak point in both is the possible corrosion of the plates and formation 
of films of alloys or compounds, which may be the real source of the 
observed difference of potential. 

And against the existence of a contact force between, metals and various 
gases, the experiments of Pellatand others are to be remembered, which re^ 

1881. II 



482 


REPORT— 1884. 


suited in the conclusion that a condenser made of two different metals 
showed nearly the same Volta effect, whether the atmosphere surrounding- 

the plates was air or hydrogen. ^ ci i i 

If it he assumed that the experiments of Brown and Schultzc-uergo 
establish their point, and that Pellat’s apparatus for different gasos (tig. V) 
is satisfactory (rather a large assumption), I am unable to reconcile the 
discrepancy, except by suggesting that Pellat did not take sutEcient pains 
to remove the condensed air sheet originally on both his plates. It is of 
course just possible that the difference between the potentials of the tw{> 
metals might be the same in two gases though the absolute potential ol'' 
both was different, but it is improbable. 

In this connection I must notice also a rather long memoir^ by Dr. W. 
von Zahn, published in 1882, which reviews the -whole subject, and de¬ 
scribes an elaborate series of measurements made with an apparatus 
something like what one might suppose Ayrton and Perry’s to become if 
it were arranged for use in different gases and in vacuo. He refers -with 
admiration to Pellat’s work in the preface, and I do not suppose imagines 
that his own numerical determinations can compare with Pellat’s for 
accuracy where they overlap, seeing that he only makes use of a sort of 
combination of Kohlrausch’s and Hankel’s methods, with a Haukel elec¬ 
trometer as a measuring instrument.^ He has tried, however, a large 
number of substances as well as ordinary metals such as powdered 
antimony, iron and nickel reduced by hydrogen, many kinds of carbon, 
PesOi, manganite, pyrolusite, copper oxide, lead ‘hyperoxide,’ iron 
glance, a-nd other minerals. He has measured the Volta effect in various 
gases and at different pressures, and finds, like Pellat, that it does not 
appreciably vary. 

He has also examined the effect of temperature on the Volta effect, 
though he appears to think that this ought to bear some close relation to the 
phenomenonof Seebeck, a natural mistake many years ago when made by 
Avenarius, whom it led most happily though fortuitously to the true, and 
by him experimentally verified, law of E.M.P. in a thermoelectric circuit.'^ 
However, Zahn finds that experiment lends no support to this view, and 
says that a larger series of results must be obtained before basing a theory 
on them. Von Zahn is a confirmed contact theorist, and ho victoriously 
assails several experiments supposed to be distinctly in favoixrof a chemi¬ 
cal view of the Volta effect. He says he publishes his results because of tbo* 
extiuordinarj discoveries being propounded by Professor Exnor (such as 
that a thermopile will not work in a vacuum),^ and because of the vague 

* VKtemicJnwgen llhir Contaefelelitnciidti von Dr. W. v. Zalm, Leipzig. Tcubnor,, 
1882. 

“ A Hanl^el electrometer is a modification of Bolmenbcrger s, in which a battery 
with middle to emth is substituted for the div pile; the plates on either side of the 
gold leaf are miniatelj adjustable, and rhe motions of the gold leaf are read by a 
mieroscope. It is sometimes prefeired to a quadrant for its small capacity and dead 
quick motion; it can be made very sensitive, but it can hardly be a satisfactory- 
measuring instrument. Pellat used it, but only as an electroscope. 

« Avenarius; * Die Thermoelektricitat, ihrem Drsprunge nacb, als identisch mil 
der 'Contactelektricitiit betrachtet,’ Pogff, Ann. csix. 1863. See also ihyy. Amu 
csxii., where he proceeds to calculate Volta effects from thermoelectric data*. 

I have been unable to find this extraordinary statement in Exner’s works, bnt- 
it is quoted again by Ayrton and Terry, PM. hkuj,, 1881, p. 41). Esner socras to 
have- said that the thermoelectric power of bismuth-antimony is destroyed by 
immersing the pile in pure nitrogen, and Young* of Princetown takes the trouble to 
examine whether it is so experimentally (see Plvll. Mag, x. 1880, p. 450), and findi^’ 
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and Tinsatisfactory views of pliysicists in general on the matter of 
Hart) ; but I am bound to say that, so far as I can judge. Dr. von Zahn’s 
own experiments are not of that conclusive and decided character that 
one had hoped for from his start, and he signally fails to sum up the facts 
in a neat and crisp manner. He adheres to the contact view, but his 
adhesion scarcely seems to me to be based on strong evidence; and in fact 



Fto. 11.—Von Zahn's Apparatus for experimenting in different Oases at different 
Pressures and Tcmxicratures, and also in high Vacua. 

The upper plate m is attached hy glass rods to a sledge h, which slides on %^ertical steel rods 
a, being pulled up by a string. Ou reaching its highest point it comes into eontUct with 
an iiivSiilatcd platinum wire s, which ctmnnuhicates with a Hiinkel elcotroiaetcr througli 
one of the insiilatcd exits R. The bottom plate is supported on the ring r. t the stop¬ 
cock for exhaustion and change of gas. Fig. 2 shows the appendage to the bottom plate 
for warming it 'by a current of steam. Fig. S shows the apparatus used for high vacua. 
The two plates are zinc and platinum, and the platinum is arranged to fall by its own 
w-eight when the whole thing is inverted. The diagram shows it in its higliest position, 
and’just going to fall back into its dotted position. The friction of its guide rod seems 
not wholly satisfactory. 

liis theoretical views seem a little superficial, considering the data at which 
^ he writes, so that one may admit pretty well all he says about contact 
and not chemical action as the cause of the Volta effect without being 
deeply committed to any specially true or specially false position,^ His 

idle thermoelectric power of metals the same at one-millionth atmosphere ns at 1. 
This, however, is not conclusive, if it be regarded as a matter needing experiment to 
settle, 

1 I am afraid this is not peculiar to Dr. von Zalxn. It may be that the German 
writers on the subject are too busy accumulating facts to care much about their pro-, 
else theoretical bearing, but I notice a' very loose and unsatisfactory way of putting 
forward secondary matters, as if they were the real points at issue, and of never really 

112 
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best axperimenb, and a very crucial one if only it could be perfectly per¬ 
formed ^ is tbe attempt to measure tbe Volta effect in an absolute vacuum. 
A pair of zinc and platinum plates are sealed up in a glass vessel 
in sueb a way tbat one of them is capable of moving up and down, and 
thus of varying its distance from tbe other. Gravity is employed to 
separate the plates, the whole vessel being inverted. The vessel is filled 
with dry nitrogen and exhausted for some days, occasional heat, P 2 O 3 , 
and melted sodium being employed to improve the vacuum. 

The result is that the Volta effect is very decidedly ‘ too small,’ going 
down to half a Daniell, so far as the measurements made by his not 
entirely unobjectionable method can be trusted; but he does not seem to 
think that this is much of an argument either way, and, not finding any 
further change after some days, he did not pursue the investigation farther 
by letting in some air and seeing whether the old value is restored, 
though he perceives clearly that this would be a crucial experiment. 
This abstinence is so remarkable that it seems necessary to quote his 
own grounds for it, and I do so in a foot-note.^ 

Zahn goes on to describe an experiment with bright sodium in vctouo 
instead of zinc, the sodium having been long kept melted in a laterally 
connected bulb before being introduced into position. He finds the sodium 
strongly positive to copper, but there can be nothing crucial about this 
experiment, I imagine, for metal in contact with glass may so easily give 
rise to disturbing electrifications. 

I believe he must have employed the best vacuum of any experi¬ 
menter on this subject, aud that he has therefore gone most near to 
■the proof of what I cannot help believing will be found to be the truth, 
viz., that the Volta effect in an absolute vacuum or perfectly inert 
gas (oid air sheets ei hoc gemis omne having been thoroughly removed) is 
veiy small. But if it be the case, as I believe it is, that the effect is 
almost independent of the quantity of oxygen present, so long as it is 
present, the difficulty of making the experiment so as to be sure of the 
absence of even the last few thousand or million oxygen molecules is 
almost overwhelming. The question of the dependence of Volta force on 
atmosphere remains thus undecided, and all the evidence which I can 
adduce in favour of such dependence is this incipient decrease observed by 

getting to the heart of the matter. It is singular that the four questions or heads 
11 nder which that eminent writer, Professor Wiedemann, proceeds to discuss the attemptvS 
which have been made to settle the question of the seat of E.M.F. are such that if 
a categorical answer to each were, by supernatural means, vouchsafed to us, we should 
be, I believe, none the wiser. Wiedemann, Eleli., vol. ii. p. 985, new edition. 

* ^ Andere etwas bessere Beobachtungsreihen gaben iihnliche Werthe. Boi alien 
war die Kleinheit von C. (the apparent Volta effect Zn/Pfc) autfallend. Nun stollt ja 
dieser Werth, wie oben besprochen, nicht die Potentialdifferenz Zink-Platin dar, fur 
seine Elieinheit muss aber eine anderweitige TJrsache vorliegen. Dieselbe kann ich 
sunSohst nur darin finden, dass die Zinkplatte bei Anfertigung und weiterer 
iJehandlung des Apparates sichtbar angelaufen ist (auf der einen Halfte sogar 
Mane Farbung angenommen hat). 

* Bs liesse sich allerdings vermuthen, dass diese offenbar zu geringo Differenz in 

der wirMich wesentlichen Verminderung von Peuchtigkeit und Sauerstoff gesucht 
w^ea mfete, so dass der Apparat naoh dem Oefifnen eine starkere Spannung zeigen 
wurde. wire dann wirkHch ein experwienfim cntcis zu Gunsten der ohemischen 

Theori^ Diese Intscheidung vorzunehmen wird aber erst dann nothwendig sein, 
wema rmjh l^gerer Zeit, wo das eingeschmolzene JSatrium noch mehr alle Beste von 
Sauersfeff haben wird, eventuell noch Wiederhitzen und dergl. der jetzige 

Z^tand des Apparatus mveranderfc wieder gefunden sein wird.* Von ZahrCd 
Memoir^ p. 48. 
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von Zaho, the little too-mixed-up observation of Mr. Hart (described 
later), the measurements of Scliultze-Berge, and the more decided ex¬ 
periments of Brown. It may indeed be readily held that the weight of 
experimental evidence tends the other way, since most experimenters on 
■che subject—Pellat, Schultze-Berge, von Zahn, and, I may add, Sir 
William Thomson—have left off just as pure contact theorists as they 
began. I would attempt an experiment myself, save that I am so pro¬ 
foundly impressed with the difficulty of making one in which no fault 
or loophole can be found, and which will hy everyone be deemed satis¬ 
factory and final; so I prefer to base my views on a general survey, 
and on fairly conclusive reasoning, ratber than on a crucial but almost 
impossible experiment. 

5. Perhaps this is now the place to refer to the somewhat erratic 
series of papers by Professor Franz Exner, of Vienna.^ He sots him¬ 
self to disprove the existence of contact force in the most straight¬ 
forward and obvious manner, and to establish the fact that there is no 
electrical evolution without definite and actual chemical action. To this 
end he announces the following propositions : (1) that two metals in a 
chemically indifferent medium show no electricity; (2) that the potontial 
difference of two connected metals in air is exactly half the difference of 
their heat combustion energies ; and (3) that two pieces of the same metal 
produce contact electricity as soon as they ai*e put into chemically 
different atmospheres. 

The experiments by wbicb lie supports these assertions have, every 
one of them, been elaborately and severely criticised hy Beetz, Hoorweg, 
Julius, Schultze-Berge, von Zahn, Ayrton and Perry, Pellat, and Wiede¬ 
mann ; and his numerical determinations of contact force appear to be 
unique. 2 

It is not necessary for me to enter into a discussion on the merit of 
his experiments, inasmuch as the mere fact of the existence of so great a 
body of hostile opinion is sufficient to show that they are not of a kind best 
qualified to produce conviction. The theoretical views which led Professor 
Exner to formulate his second statement above, that the potential dif¬ 
ference of two connected metals is equal to half the difference of their heats 
of combustion per equivalent, are, I am sorry to say, quite unintelligible 
to me. They depend on the hypotbetically necessaiy existence of films 
of oxide, between which and the metal there is supposed to be a consider¬ 
able difference of potential. Perhaps a few quotations from Professor 
Exner’s first paper on contact electricity will render his position clearer/* 

* Exner; der Altad. der Wis^euch. Wien : July 1878, ‘ On the ^Nature of 
Galvanic Polarisation’; July 1879, ‘On the Cause of the Prorliiction of 13. by the 
contact of Heterogeneous Metals ’; Dec. 1879, ‘ On the Theory of Inconstant Galvanic 
Elements ’; May 1880, ‘ On the Theory of Volta’s Fundamental Experiment ’; July 
1880, ‘ On the Theory of Galvanic Elements’; Nov. 1880, ‘ On the Nature of Galvanic 
Polarisation ’; July 1882, ‘ On some Experiments relating to Contact Theory.’ 

2 Beetz: Wiedem.an7d% Hoorweg, liW.,xi 138, 1880, and xii. 

p. 90; Julius, iMd.i xiii. 276 and 296; Sohultze-Berge, xv. 440, as well as xii. 
307 and 319; von Zahn, p. 41 and Preface, of his Memoir; Ayrton and Perry, Phil, 

' Mag. 1881, p. 43 ; Pellat, TJdm, No. 461, p. 17; Wiedemann, BleMncitilt, ii. 

992-995. 

« I quote from Mr. J Brown’s translation (P7«7. Mag,^ Oct. 1880) of a paper by 
Exner in Wiedemann’s Amialen of the same year, with some abbreviations. * An inves¬ 
tigation concerning the nature of galvanic polarisation has led me to a quite distinct 
view of the origin of the so-called contact electricity, a view which will be supported 
by experiments following. I have shown that the original cause of the polarisation 
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His views are but little really different from those of De la Rive and other 
,older ‘ chemical theorists,’ hut they are (especially in later papers) ex¬ 
pressed in so definite and decided a manner that they have excited a 
sharper controversy than vaguer and more hesitating writings could. 
This indeed may be regarded as their special merit. The main objection 
W’hich can be taken to them relates to the quantitative statomejits : these 
are vigorously made, but they seem unwarranted by facts accumulated b}^ 
all otfer observers, though indeed some of his own experiments certainly 
seem to support them. It has also been objected that he misinterprets 
some of his experiments. 

He has got hold of the notion that the heat of combustion has some 
sort of relatW to the Yolta effect, and there I am heterodox enough to 
agz*ee vrith him. But what the relation is, and how' it acts, and what 
sort of potential difference you ought to expect in accordance with theory, 
concerning all these things I am utterly at variance with him; and I 
deem it prudent not to attempt to represent views which I am unable to 
understand, because it is unlikely that I shonld do them justice. 

Professor Exner to strengthen his position adduces a large number of 
very simple experiments (such as connecting first one Daniell and then 
two Daniells to an electrometer, and observing that in the second case the 
deflection is double the first), and from them he obtains equations prov¬ 
ing algebraically that Zn/Cn = 0. Considered as conundrums these 
equations are ingenious, but it is a waste of time seriously to discuss 
them as Herr Julius has done in an elaborate manner. To suppose that 
such everyday experiments as these are in direct contradiction of the 
contact theory is scarcely complimentary to the great men who have held, 
and who still hold, that view. 

Di\ C. Gr. Knott in 1879 ^ examined the contact force between plates of 

cuiTent is to be sought for not at the contact of the electrodes with ions liberated 
oil them, but in the recombination of the latter, and the E.M.F. of the current so 
pioduced is measured by the heat value of this combination, just as the E.M.F. of 
uuy galvanic coll is measured by the heat value of the chemical process going on in 
It. y\"ith a so-called contact action the existence of the polarisation current, and 
obviously of every other current, has nothing whatever to do. The idea then 
Miggested itself to seek for the cause of the production of electricity in the experi¬ 
ment of Tolta, not in the contact of two metals, but in previous chemical actions of 
the surrounding media on their surfaces. I have expressed the opinion that, so- 
called contact electricity is produced by the oxidation of the metal in contact by 
the oxygen of the air just as in galvanic cells it is evolved by oxidation of zinc. If the 
supposition prove true—and it has proved true—the E.M.F.'^of his metal in contact xn 
air must be measured and expressed by their heats of combustion.’ 

Exner then points out how all Volta tension series are in oxidation order, and 
relates approvingly Be la Eive's wew that metals in air were attacked not only by 
wafepr vapour, but by dry oxygen, and that electricity is produced by any kind of 
chemical action in proportion to the intensity of the chemical affinity. Then ho 
givps his numerical theorj^ and supporting experiments, and finally conclude^s; < I 
believe we are entitled to say that no ScheiSwiffskraft exists at the contact of two 
metalsd The following must take the place of Volta’s law of the evolution of 
electrloltv: ® The difference of electric potential between two metals in contact is 
me^ured by the algebraic sum of the heat value of the chemical action going on at 
each.' . o o . 

theory and experiments, and all through the rest of the paper, Exner con-* 
mders the difference of potential equal to Jialftte difference of heat values, so, the 
must be a slight numerical slip. 

“' are among the most favourable I have been able to find. It 

from this, and from his other memoirs on the snbieot* 

IP 

,, ^ Knott: Min. 1870-Sd, Ko. 105, p. 362. 
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the same metal at different temperatures, using the condenser or Kohl- 
rausch method. He found that iron, copper, zinc, and probably tin, were 
negative when hot to the same metals cold; and the effect increases 
uniformly with temperature. But it is permanent, remaining after the 
hot plates have cooled down ; hence it must be due to oxidation. A slow 
oxidation proceeds with time alone. Time curves are logarithmic like 
-cooling curves, and the most oxidisable metal varies most quickly both 
for time variation and temperature variation. There seems to be a surface 
condition of a metal proper to each temperature which no polishing can 
change, for it establishes itself in a few seconds after cleaning, and only 
changes with temperature. 

Mr. S, Lavington Hart, in 1881,^ describes a mercury dropper where 
the mercury is contained in a funnel, and is connected with an electro¬ 
meter by an iron rod dipping into it. The drops form inside an iron 
inductor, and the}^ fall negatively charged. Mr. Hart so far ignores 
iiny A^olta force that he considers the arrangement as an inversion of 
Lippmann’s electrometer, the advancing drops being oxidised. It can 
plainly be regarded, however, as a mere Fe/Hg contact arrangement, 
and that is what I suppose it to be. He makes two interesting modifica¬ 
tions : the first is to replace the air I’ound the dropping mercury coal- 
gas ; the electrical effect is then zero. This is interesting because the 
exuding drops of mercury, unlike most pieces of metal, expose to the coal 
gas a virgin sui’face which has probably contracted no condensed air sheet: 
only coal gas is a rather sophisticated substance for it to be first exposed 
to. If the experiment is regarded as sufficiently direct and simple, this 
fact lends support to the view that Volta forces depend on the medium 
surrounding the metals. 

The second modification is to bring an earth-connected iron bar 
olose to the drops, and to show that it reduces the doffection. Mr. 
Hart thinks it reduces the oxidation by proximity; and certainly, 
pi'ovided the obvious action of a mere electrostatic screen has been 
considered and provided against, this action by proximity is very 
remarkable. A similar effect has been observed and more fully worked 
out by Pell at in a paper published in 1882.^ Pellat says that if he places 
two metallic surfaces parallel to one another and very close together (say 
half a millimetre more or less: variations from 12 to T), each metal nnder^ 
goes a slight alteration of the properties of its superficial coat, and thereby 
changes its position in the voltaic series. The alteration takes some 
minutes to produce, increases with time, but tends to a limit. When the 
influencing metal is removed the other returns gradually to its primitive 
state. Lead and iron produce the lai'gest influence effects; copper, gold, 
and platinum give smaller but distinct effects; zinc produces hardly any, 
unless it be put within a hundredth of a millimetre or so. Peliat does not 
attempt to account for this interesting phenomenon further than by 
suggesting some possible connection with the smell of metals. 

Sir. Hart’s theoretical views are at first sight analogons to my own, 
though they are by no means the same. He considers the case of two 
metals immersed in liquid electrolytes, and dismisses air by calling it 
a gaseous electrolyte. He believes zinc and copper in contact to be at 
the same potential, and throws the variation of potential cn the air between 

^ Hart: JBvit, A&zoc- Torli^ jx 555, and PMl. Hov, ISSl, 5 ser., xxL, 

, Pellat: OomjJtes xciv., 1882, p. 1247. Influence of metals on due 

another at a distance. 
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He considers the electrical effect brought about by the electro^ 
negative ion oxygen combining with the zinc and charging it; negatively, 
while some electro-positive ion combines with the copper and charges it 
positively, ‘ though not unless the two metals are in sufficient proximity to 
^ overcome electrolytic diffusion’ [whatever 

that may mean as applied to this case]. 
He thinks his mercury dropping experi¬ 
ment in coal gas is conclusive as to the 
equality of potential of metals in contact. 
This, I fear, is rather rapid induction. I do 
not see how it follows on his own hypothesis 
that his arrangement is virtually a reversed 
Lippman electrometer. 

Sir W. Thomson’s dropping arrangements' 
or voltaic cells, in wffiich gravity does the 
work instead of chemical action, are so well 
known that it is scarcely necessary to do 
more than refer to them. Mr. Hart’s mer¬ 
cury dropper is scarcely a modification of 
the copper-filing dropper shown in fig. 12 . 
Fig. 12 .--Thomson’s Gravitation Sir William also shows how to couple up* 
Yoltaic Cell. in series,^ and how to construct 

« copper filings, c receiver. a mechanical replenisher on the Volta- 
Sonductoiwirinc. copper funnel, principle (fig. 13 ). 

«■ I”si™."-!' “ 

you join c and by a copper wire niore completeness, it may be as well tO' 
you can get a current flowing record rapidly suoh other memoirs as I 
WI 10 U 7 through and Trith copper. get acquainted with : it 

is in the highest degree probable that several are omitted, bub I hope- 
no very important ones. Professor Wiedemann’s collection of views and 




Fig. 13.™-Thomson''s Voltaic Induction Machine. 

One of the inductors t is lined with one metal, the other with another, and the two connected*. 
The carrier wheel is rotated* and the contact springs a a* become oppositely charged. By 
afterwards charging the inductors with a Daniell cell, and comparing the deflection now 
produced in an electrometer connected to a a* with what it was before, measurements of 
Volta effect can be obtained; or of course it can be made a null method. 


memoirs bearing on the subject is at the end of the second volume of the* 
new edition of his * Elektricitat.’ 

Edlund has published a long paper® in which he investigates experi¬ 
mentally the Peltier effect; he points out clearly at the end that there is. 


digrams of potential which Mr. Hart gives of cells were given more fully 
m Fnpf* Mmm: in his paj^r on the Theory of Galvanic Elements* 1880. Mr. Hart’s, 
wws m fhict, rather similar to some of the more reasonable ones of Prof Exner 

JCi! 534. Soe also PAiL 

(4) mmt. MB I xhii. 61,213, 264; especially p, 273, 
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no relation between the Peltier and Yolta effects, and he suggests tliai 
this is because of the contact force between the metals and the gas or 
air in which they are, the fact of such contact force being, he thinks, 
sufficiently established by gas batteries and galvanic polarisation.^ 

Majocchi, in a paper printed in ‘ Phil. Mag.’ xxs., p. 97, regards tho 
E.M.P. of contact as due to the ‘ adhesion ’ of the two metals for each 
other: pretty much the same idea as Sir Win. Thomson’s chemical action 
at a distance, an idea which makes the energy of the Volta effect Zn/Cu 
depend on and be calculable from the combination heat of zinc and copper 
in making brass. I must return to this matter later, because it is import¬ 
ant in itself and crucial as regards theory. 

Qassiot ^ made an experiment intended to show that there could be a 
difference of potential excited between metals by proximity without 
actual contact, or at any rate without metallic contact. Grove ® also 
made a similar experiment. 

Hoorweg and also hTobili ^ have a theory that all galvanic currents 
are really thermoelectric. 

In the article ‘ Electricity ’ in the ‘ Ency. Brit.’ p. 99, Professor 
Chrystal gives some clear general considerations regarding the seat of 
E.M.F., and tho opposing views which are held with regard to it. He is 
judicial in his attitude with regard to them, but the mere statement of 
the position in so clear a form is in itself a powerful argument for the 
views held by Maxwell.® 

Eleeming Jenkin, in the last edition of his ‘ Electricity and Magnetism,’ 
p. 216, endeavours to reconcile the contact and chemical theories. Accord¬ 
ing to the chemical theory the E.M.E. of a cell=S (J Oe) ; according to- 
the contact theory it is O/L+L/Z-l-Z/0. On these undoubted facts he 

^ Sundell investigates the E.M.F. of alloys in contact with copper, employing* 
Edlund’s method, and finds, like him, that for alloys, as well as for simple metals, the 
Peltier corresponds with tho 8eebeck force. The peculiar language used in this ant'J 
the preceding paper may easily cause it to be imagined that they have found Volta 
force to agree with Peltier. In fact, Sundell is so quoted in Watt’s 3rd Supjjl.j p. 703- 
Von Zahn quotes Edlund in the same sense, and indeed it is probable that Edlund 
himself at first thought ho was investigating Volta forces thermoelectrically.— 
Sundell: Pogff. A7m, cxlix. 144. 

* Gassiot i Phil, Mag. xxv. 1844, p. 283. 

® Grove : JAtem^y Gazette, Jan. 21,1843. Wiedemann, ii. 988 

^ Hoorweg ; Wied. Ana. ix. 5fi2, 1880; xi. p. 233, and xii. p. 75. 

® Prof. Wiedemann notes, as interesting, that in 1828 Nobilxheld a notion that all 
galvanic currents arc thermoelectric, thus vaguely anticipating the modern thermo¬ 
dynamic theory of E.M.F. See Wied., Electriaitdt, ii. 085, and Nobili, Bihl, 
de Genhr, xxxvii,, p. 118. But Prof. Hoorweg seems bitten with the same idea in 
recent times, and in 1879-80 writes long papers in proof that all current energy U 
due to absorption of heat at junctions I 

® Although this article is, or ought to be, easily accessible to everybody, there is 
one important suggestion in it which it is as well to quote, viz. that contained in the 
following sentence: ‘ We are so ignorant of the nature of the motion which is the 
essence of the electric current that the very form in which we have put the question- 
fas to the locality of the E.M.F.] may be misleading. If this motion be in the sur¬ 
rounding medium, as there is great reason to believe it to be, it would not be 
surprising to find that speculations as to the exact locality of the E.M.F. in the 
dreuit were utterly wide of the mark.’ Prof. Willard Gibbs suggested something of 
the same sort at Montreal, though in a rather vaguer form. I do not myself feel any 
doubt that a precise location can be given to the E.M.F., notwithstanding that much 
of the current energy exists in the medium. The most complete attention to the 
distribution of energy in circuits which has yet been bestowed on the subject has 
been given by Prof. Poynting in his remarkable memoir, PMl, Tram,, 1884, and he 
therein locates the E.M,P. of a battery exactly where I do myself. 
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proce6ds to found a ntnnbBr of statements Vfliicli are ^ true, ^ thougli 
scarcely simple; in fact, tbey perhaps rather tend to complicate what may 
he held to be a simple matter. ^ 

Schonbein, in a letter to Paraday published in the * Philosophical 
Magazine ’ for 1838,^ tliro\rs ont a remarkable suggestion with regard to 
^ chemical tendency ’ as the possible source of a current, or rather of 
^ force electromotive,’ His language and ideas are in many respects old- 
fashioned and erroneous; he uses such phrases as ‘ a current of tendency/ 
he supposes currents with no electrolytic power to exist, and of course is 
not troubled about energy considerations. Bat I feel little doubt that 
had he lived later he would have held that, while currents were due to 
■chemical action, electrohioHve force was due to ‘chemical tendency’; 
and this ivS pretty exactly my own view of the matter. 

I have only just discovered this Schonbein letter, and I have also 
found some paragraiihs in Faraday which more iu detail, and with fair 
distinctness, express what I believeto be the true view, (See §§ 893-900, 
Exp. Res.’ Yol. i.) ® 

^ Except, indeed, a doubtful statement at the end of Nimiber 2, and an crronooiiH 
bit of reasoning at the end of E'umber 4, though the couclii^ioii drawn is correct, 

- iSchonbein: Phil, Mag^Tol. sii. pp. 225 and 311. 3.’lie two most striking sen¬ 
tences are here extracted :— 

^ fief ore closing my letter, allow me to communicate to you in a general manner 
ibe view which I have taken of the subject in question. In the first place, I must 
tell you that I am by no means inclined to consider mere contact in any case as tiio 
cause of the excitement of even the most feeble current. I maintain, on the con¬ 
trary, in accordance with the |>dnciples of the chemical theory, that any current 
produced in a hydro-electric voltaic circle is always due to some chemical action. 
Bir as to the idea which I attach to the term “chemical action,” I go further than yon 
and 31. de la Eive seem to go; for I maintain that any tendency of two different 
substances to unite chemically ndth one another must be considered as a chemical 
action, he that tendency followed up by the actual combination of those substances 
■or be it not, and that such a ten dency is capable of putting electricity into circulation. ’ 

-Uid on page 314 he explains this last phrase, which he has elsewhere called a 
current of tendency, thus:— 

‘ As what I term a current of tendency is no doubt in some cases nothing but that 
oltctrical state which the voltaists consider to be the effect of their “ force olcctro- 
iQotive,” or of contact, it appears to me that, from some of the facts above stated, a 
^specific and most important conclusion regarding the theory of the pile can be drawn. 
Even if we grant to the voltaists our current of tendency to bo the cficct of uuirc 
contact, the facts alluded to prove that such a current does not pOKSo.ss a sensible 
degree of electrolysing power, consequently that the chencical effects of Iho common 
’voltaic arrangements have nothing to do with cnirenfc elcctj’icity excited by (‘.ontact.’ 

- Extract from FaradaysFmjjerimenialResearches, vol. i,;— 

*(S93.) The use of metallic contact in a single pair of plates, and the cause of ifs 
great superiority above contact made by other lands of flatter, become now very 
evident, lllien an amalgamated zinc plate is dipped into cliluto sulphuric acid, the 
force of chemical affinity exerted between the metal and the fluid is not sufilciontiy 
powerful to cause sensible action at the surfaces of contacts and occasion the decom¬ 
position of water by the oxidation of the metal, although it is sufficient to produocj 
such a condition of the electricity (or the power upon which chemical afiinily 
depends) as would produce_^a current if there were a path open for it; and that 
'intact would complete the conditions necessary, under the ciroumstances, for the 
decomposition of water. 

"(894.) Kowthe presence of a piece of platina touching hoththe zinc and the fluid 
to m decc^posed opens the path required for the electricity. Its direct eomwtMi* 
mtwn with the zinc is effectual, far beyond any communication made between it and 
that metal (te> between the platina and zinc) by means of decomposable conducting 
hoaxes, or, in other words, ekotrolytes, as in the experiment already described [that of 
lomde of potassium without metallic contact by interposing it on 
hlOi.nng paper between the platinum and .the zinc of.a simple voltaic ■ cell],. 
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For mnch disenssioii of conijact electricity, and for some iuterestin,^ 
statements of the views of Marianini, Davy, and others, refer to ‘ Experi¬ 
mental E/esearches,'' voL ii. p. 20, &c. From what is there said it appears 
that Kars ten and MaTianini held a modified contact theory, placing the 
E.M.F. at the metal-fixud junction; and that Becquerel admitted as a pos¬ 
sibility the efficiencj of chemical attraction, as distinct from combination, 
something in the sa-me way as Schonbein. 

Prof. Tait, in Lis ‘ Thermodynamics,’ lends his powerful support to 
the contact view of i1\Q activity of the pile as taught by Sir W. Thomson. 

Some work has been done in the direction of observing reversible heat 
eiBfects at metal-liquid junctions, notably by Joule, Thomson, and Bosscha. 

Joule in 1841 sent currents through several dilate acid voltameters 
with different electrodes, and measured the excess or reversible heat 
H-’BC- generated in the whole cell; with the result that the excess 
of heat observed is that due to the observed back E.M.F. of the cell, 
minus that concerned in the decomposition of water. A table of his 
results is given bj Ohrystal,, ‘ Ency. Brit.,’ p. 91. For Maxwell on the 
same subject see * Elementary Electricity,’ p. 14G. 

Thomson (Math, and Pbys. Papers, pp. 490, 503) says that of two 
decomposition cells, one with zinc cathode, the other with platinum 
cathode, the former showed the most heat when the same current was 
sent through both- Separating the electrodes by a porous cell, zinc 
cathode showed more heat than zinc anode; but platinum anode more 
heat than platinum esatliode.^ Ho speaks of the local heat developed at 
a tin surface, and sLows that it is greater where hydrogen is liberated 
than where tin is dissolved; and suggests thermal observations on four 
■dilute acid voltameters in one circuit with zinc and platinum electrodes, 
arranged according to the permutations, zinc zinc, zinc platinum, 
platinum zinc, and platinum platinum. Thomson attributes the extra 
heat at an eleefcrodo to opposing chemical affinities which have to be 
overcome—a doefcrine of ‘ chemical resistance.’ 

because, when they used, the chemical affinities between them and the zinc 
produce a contrary and opposing action to that which is intiuential in the dilute 
sulphuric acid ; or ii th?it action be but small, still the affinity of their component 
parts for each other 3 l{l$ to bo overcome, for they cannot conduct without suffering 
■decomposition; and this decomposition is found c^.^nrimenially to react back upon, 
the forces which in tlie acid tend to produce the carrent, and in numerous cases 
entirely to neutralise thorn. Where direc.fc contact of the zinc and platina occurs, 
these obstructing forces^ are not brought into action, and therefore the production 
iind the circulation of tlie electric current, and the concomitant action of decomposi¬ 
tion are then highly fat=^oured, 

‘ (895.) It is evident;,however, that one of these opposing actions may be dismissed, 
and yet an electrolyte be used for the ptupose of completing the circuit between the 
zinc and platina ininnorsed sef)arately into the dilute acid; for if in the above 
experiment tlm plafcim wire be retained in metallic contact with the zinc plate, and a 
division of the platina he made elsewhere, then the solution of iodide placed there, 
being in contact with platina at both surfaces, exerts no chemical affinities for that 
metal; or if it does, they are equal on both sides. Its power, therefore, of forming 
a current in opposition to that dependent upon the action of the acid in the vessel 
is removed, and only it^s resistance to decomposition remains as the obstacle to be 
overcome by the affinities exerted in the dilute sulphuric acid. 

‘(89G.) This becomes the condition of a single pair of active plates where 
pietallio contact is allowed. In such cases, only one set of opposing affinities are to 
be overcome by those which are dominant in the vessel; whereas, when metallic 
■contact is not allowed, two sets of opposing affinities must be conquered (894).’ 

, * Showing, I suppose, that while zinc attracts oxygen much, and hydrogen not at 
all, platinum attracts hydrogen more than oxygen. 
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^ossclia examines and develops all these matters in a series of inter¬ 
esting papers published about 1857.^ He attributes the development of 
local heat, at a cathode against which hydrogen is liberated, to the change 
of hydrogen from the nascent condition to the ordinary one—in other 
words, to the energy of the molecular combination H, H. He finds tho 
electro-motive forces exhibited by this local generation of heat at tho 
surtace of different metals in acid to have the following values in volts :— 
Pt Fe Cn Sn Hg Zn 

•45 *49 -64 *86 1*2 1*2 

One more memoir I must mention before closing this historical sketch 
and discussion thereon; a valuable communication by Bouty to the 
' Journal de Physique,’ ^ ‘ On thermo-electric force at contact of metals ancl 
liquids, and on the Peltier effect thereat.* He finds the Peltier co¬ 
efficient at a junction of copper with salts of copper eighty times as 
great as at an iron-zinc junction, and eleven times as great as bismuth- 
copper. He also measures the metal-liquid thermo-electric E.M.F. at 
different temperatures, and shows that Thomson’s thermo-dynamic formula 

dY 

is perfectly true and in agreement with experiment in these cases also. 
He endeavours to see if this Peltier, or, as w^e had better call it for dis¬ 
tinction, Joule or Bonty effect can be calculated from the energies of com¬ 
bination. After tabulating his results alongside of heats of oxidation and 
heats of solution, he decides that it is hopeless, and that we must give up 
trying to establish a relation between these quantities. Chemical action, 
he concludes, only disturbs the effect by altering the surfaces, and by 
developing parasitic heats. They may mask, but they do not produce, 
the true Bouty phenomenon, which he believes is probably physical. 

The difficulties of making these measurements are exceedingly great, 
and, notwithstanding the ingenuity and skill displayed, it seems to me 
possible that some error or unexpected source of disturbance may have 
modified the results. So far as I know, they have not yet been repeated, 
and I can hardly regard the experimental method used as perfectly safe.® 


7. The result of our survey in regard to the special subject of discussion 
may be summed up thus: (1) that there is certainly an E.M.F. at the 
junction of two different substances, or even of the same substance in 
two different states; and (2) that the total E.M.F. of a circuit is the 
algebraic sum of all such contact forces at every junction in the circuit. 

I do not know that these two propositions could be passed nem, eon,., but 
I believe that, provided they were properly understood, the dissenting 
minority would be a very small one. It is probable that Professor Exner 
would be in the minority, but I am unable to be sure of anyone else. 

We can also make a negative proposition which will command 
almost universal assent—viz., that if in the above second proposition^ 


^ Bosscha: Ami, vols. ci., ciii., cv,, cviii. 

Bouty: Amirml de Physipie, 1870, viii. p, 341: ix. p, 229, and p. 306; esp. p. 306. 
* ^ method exactly like that used by Bouty was suggested by Clerk 

MemenUry Mectridiy, p. 146. 

observations regarding tbe E.M.F. of different cells are made in the series 
of .appearing in the FMl May,, by Br. lYright and Mr. Thompson, ‘ On 

the determination of Chemical Affinity in terms of E.M.F.’ 
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instead o£ the sum of the contact forces at every junction, we attend only 
to the contact forces at the metallic junctions, the proposition will no 
longer be true. This fact, that the metallic junctions are insufficient to 
account for all the was established by Becqnerel, De la Rive, and 

others, and still more thoroughly and exhaustively by Faraday. It is the 
easiest possible thing to make a number of batteries which shall give a 
current without any metallic junction whatever. Faraday gives some 
thirty of them.^ 

One more certain proposition we can lay down—viz., that whenever a 
current is produced, the energy of the current must be maintained by 
absorption of heat, or by chemical action, or by gravity, or by some other 
such agent—not by mere contact. 

So much being agreed to, what remains as subject-matter for con¬ 
troversy ? This : A voltaic circuit contains at least three junctions ; what 
is the value of the contact force at each of them, and especially to which 
Junction is the major part of the observed E.M.F. due ? Is it the zinc 
acid ? or is it the copper acid ? or is it the zinc copper ? There is no 
other question. The old chemical and contact controversy has died out, 
but another controversy remains. Most physicists probably would say 
to-day that the major part of the E.M.F. of the cell resides at the zinc- 
copper junction. This was Volta’s view, and this is the view of the text¬ 
book writoi’S taught by Sir William Thomson. Some few would say at 
the zinc-acid junction, and among them I must confess myself. 

It is no question between contact and something else; it is a question 
between a feeble energy-less metal-metal contact, and an active energetic 
metal-fluid contact with potentialities of chemical action straining across 
the junction, AYhat is there to distinguish between the two ? Electro¬ 
static experiments with air condensers prove nothing. They add up three 
E.M.F.’s, air/M-fM/M'-hM'/air, and give you the sum. The experi¬ 
menters usually assume that M/M' is what they are measuring, but 
there is no proof to be given in support of the assumption, except that if 
you substitute water for air the effect remains almost unaltered: hut then 
water contains oxygen as the active element the same as air does. Well, 
then, it may be urged, the effect is the same in vacuo and in hydrogen as 
in air; and to this I answer, ISTot proven. 

Can any farther assertions be made with reference to electroscopic 
experiments as bearing on voltaic theory ? Yes; it can be asserted that by 
adding up the Volta effects for A/B, for B/0, for 0/D . . and for Z/A, 
you arrive ab the total E.M.F, of the circuit A, B, C * * . A. True; 
but what then ? 

The Volta effect you call A/B is really air/A 4* A/B + B/air; 
that you call B/0 is air/B 4 - B/0 + G/airj 

and that you call Z / A is __ air/Z 4- Z/A 4- A/air. 

Add them up, and you get A/B 4- B/0 + 2i/A, 

which must be the E.M.F. of a circuit by common sense— i.e. without 

* }iJ:cp, Res. ii. 2020, Dr. J. A. Fleming describes another of these batteries in Phil. 
Mag., June 1874, and gives some very cogent and readable arguments in favour of 
the * chemical theory ’ of battery suggesting that the difiierence of potential 

between the terminals of a battery on open circuit is due to potential chemical com¬ 
bination of the metals and electrolytes. He does not, however, explain the old 
Volta experiment; and, as Prof. Chrystal has pointed out {Bney. Brit. p. 99), up¬ 
holders of the chemical theory are bound to explain this* 
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violent experimental disproof, wbicli no one has ever attempted to give. 
This fact, that the sum of the Volta effects equals the sum of the true 
forces, in a closed circuit of any conducting materials, has nevertheless 
caused persons to suppose that air/metal forces are negligibly small. But 
it is clear that they may have any value they like without affecting the truth 
of the law. They could only affect it if air/M were not equal to - M /air. ^ The 
experimental proof of the summation law, therefore, establishes that air/M 
is equal to —M/air, as well as the important fact that the contact force at 
each junction is independent of all other junctions of what kind soever. 

8 . Leaving electrostatic determinations as without bearing on the point 
at issue, let us ask, Is there no direct and straightforward way of measuring 
the actual E.M.B. at a particular junction without disturbance from other 
junctions ? The answer is most clearly given by Clerk Maxwell, thus : — ^ 

‘ Sir W. Thomson has shown that if II is the coefficient of Peltier effect 
or the heat absorbed at the junction by unit current in unit time, then 
Jn is the E.M.F. at that junction acting with the current. This is of great 
importance, as it is the only method of measuring a local the 

ordinary method of connecting up by wires to an electrometer being 
useless. This Peltier measurement is quite independent of the effect of 
contact forces in other parts of the circuit. But the E.M.F. so measured 
does not account for Volta’s force, which is far greater and often opposite. 
Hence the assumption that the potential of a metal is to be measured by 
that of the air in contact with it must be erroneous, and the greater part 
of Volta’s E.jJiLF. must be sought for, not at the junction of the two 
metals, but at one or both of the surfaces which separate the metals from 
the air or other medium which forms the third element in the circuit.’ 

And in another place he says:—^ 

* In a voltaic circuit the sum of the E.M.F.’s from zinc to electrolyte, 
from electrolyte to copper, and from copper to zinc is not zero, but is what 
is called the E.M,F. of the circuit—a measurable quantity. Of these 
three E.M.F.’s only one can be measnred by a legitimate process, that, 
namely, from copper to zinc. If we cause an electric current to pass from 
copper to zinc, the heat generated in the conductor per unit of electricity 
is a measure of the work done by the current, for no chemical or other 
change is effected. Part of this heat arises from the work done in ovei’- 
coming ordinary resistance wdthin the copper and the zinc. This part 
may be diminished indefinitely by letting the electricity pass very slowly. 
The remainder of the heat arises from the work done in overcoming 
the E.M.F* from the Zn to the On, and the amount of this Iieat per 
unit of electricity is a measure of the E.M.F. Now it is found by 
thermo-electric experiments that this E.M.F. is exceedingly small at 
ordinary temperature, being less than a microvolt, and that it is from 
zinc to copper.^ Hence the statement, deduced*.from experiments in 
which air is the third medium, that the E.M.F, from copper to zinc 
is '75 volt cannot be correct. In fact, what is really measured is the 
difference between the potential in air near the surface of copper and the 
potential in air near the surface of zinc, the zinc and copper being ix> 
The number '75 is therefore the E.M.F,, in volts, of the circuit 

md MapiHism, vol. i. art. 249. Abbreviated above because so easy 

reffleiioe. 

I El&€tnei*nu April 26, 1870. Also El, Ekctrmty,:^, 149. 

(sect. 23) I point out that this statement is not quite true, hut it 
aoes not aneot the mam su^ument. 
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copper, zinc, air, copper, and is the sum of three E.M.F.’s, only one of 
which has yet been measured,’ 

With every word of Maxwell I cordially agree. 

9. While on the theoretical aspect of the subject it may be well to see 
what Pellat, as one of the best experimenters on it, has to say. Pellat 
substantially observes as follows : — 

‘ Does the apparent difference of potential between two metals in 
contact indicate a real difference of potential between them ? In all 
rigour, ISTo ; but the slight variation of its value when different gases or^ 
even liquids are used renders it extremely probable that there is such a 
real difference of potential, and that it is very nearly what is measured 
in electroscopic experiments.’ 

As to difficulties connected with energy considerations and mere 
contact, he refers to Helmholtz,^ and Clausius,^ who, he says, relieve him 
of all responsibility on this head. 

The fact that the voltaic order of the metals is much the same as their 
order of oxidisability must liave struck nearly everybody, and must also 
have been felt as a difficulty by the upholders of the efficacy of mere 
contact. Pellat considers he disposes of it thus :—‘ Since the E.M.P. of a 
pile is that represented by chemical action, and since experiment voltaic 
contact forces have much the same values as the E.M.F. of piles, it follows 
that there is some vague relation between A/B and the heats of com. 
bination, say of substitution of one metal for auother in a salt (as in a 
Daniell).’ 

He sums up his experimental conclusions as follows :— 

(1) ‘ Two different metals united metallically are covered, in the state 
of equilibrium, with electric coats of unequal potential. 

(2) ‘ This difference of potential only depends on the superficial coat of 
metal. It changes notably when the surface is mechanically scratched,, 
becoming always more positive. As the scratching effect disappears with 
time so does the extra difference of potential. The state of polish of the 
surface is immaterial, but traces of foreign substances, forming a coat so 
thin as to be invisible, are able to modify the value of the observed effect 
enormously, 

(3) ‘ The effect depends somewhat on temperature. 

(4) ‘ The pressure and nature of the gas surrounding the metals have 
a very distinct but extremely feeble influence, but, since the effect produced 
is a lagging one, it is probably due to some secondary cause, and it is 
probable that the difference of potential is really independent of the gaseous 
dielectric. 

(5) ‘ The difference of potential between the electric coats on two- 
metals united metallically has the same value as the E.M.F. of an element 
of a liquid pile formed by these two metals, provided that the E.M.F. is 

^ jDie BrlialUiwj der Kraft^ p. 47, where Helmholtz develops Yolta’s original liypo- 
thesis about an attraction of matter for electricity, of an amount depending on" tlie 
kind of matter, so that it gets pulled one way or another across a junction of two 
dissimilar substances. He points out that the Volta effect is explained if zinc be 
granted a stronger attraction for electricity than copper has. This view he returns to 
in Ms Faraday Lecture 1881, where also he refers to Berzelius’ electrical theory of 
chemical affinity. The opinions of Professor Helmholtz are too weighty to be merely 
referred to in a footnote, but we may have occasion to consider them later. 

® Me mcelmmche Beltandlung der Mectrieiidty chap. vii. §§ 2 and 3, where 
Prof. Clausius follows up the above idea by considering the rdle which heat plays in 
the matter, and thus hypothetically explains the Peltier effect also. 
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determined before any alteration of the metallic surface wetted by the 
liquid has occurred; but these alterations produce themselves very 
rapidly/ 

Pellat’s theoretical conclusions being short may also bo here quoted, 
and I will number them on with the others. 

(6) ‘ It is extremely probable that the difference of potential between 
the electric coats which cover two metals connected metallically I'opre¬ 
sents the true difference of potential which exists between them. No 
reason, either theoretical or experimental, can bo invoked against the 
existence of a difference of potential between two metals in contact. 

(7) ‘This last quantity has no connection with the thermo-electric 
E.M.P. measured by the Peltier phenomenon. 

(8) ‘ It has only a vague and distant connection with the difference of 
oxidisability of the metals.’ 

Concerning these propositions I may remark that while Number 2 is 
likely to annoy contact theorists (though I know they have methods of 
explaining it away), Numbers 4 and 5 are calculated to restore their 
equanimity. The five experimental conclusions I accept as in duty 
bound, only permitting myself partially to doubt the perfect generality of 
Numbers 4 and 5 under all circumstances; but the three theoretical ones I 
am unable wholly to accept. Thus with respect to the second part of 
Number 6,1 beg entirely to differ from M. Pellat if I am called on to 
simultaneously admit Number 7. Whether one is prepared to accept any 
of his theoretical conclusions or to reject them all depends upon how one 
regards them. If in the way he himself intended, then I reject them all. 
If with one’s own interpretation, then I say that the second part of 6 and 
8 are true (though for ‘ only a vague and distant ’ I would substitute 
* no ’) ; and 7 is also true if it be held to refer to the quantity first men- 
tioned in Number 6 while Number 8 refers to the other quantity. Number 
6 I should also consider trne if the prefix ‘ im ’ be made to the fourth 
word. 

10. Pellat then proceeds to explain why he considers the Peltier effect to 
be quite distinct from, and have no relation to, the true E.M.P. of contact. 
In explaining this he makes use of a piece of unpleasantly plausible 
reasoning, which I myself have heard Professor Ayrton use, and which 
when unexpectedly suggested is so painfully benumbing that it is worth 
while to quote it and to indicate its weak point. Pellat’s statement of 
the argument is rather long, perhaps it can with advantage bo abbreviated. 

Two metals A and B put into contact are at different potentials, the 
difference A/B being due to and equal to the E.M.P. of contact. There is 
then at the junction not only the contact force E, but also the equal opposite 

force ^ due to the difference of potential established. Either of these 

forces alone would resist or aid the passage of electricity across the junction, 
and so give rise to a Peltier effect, hut both together will do nothing of the 
sort, and so if there be any Peltier effect it must be some small residual 
phenomenon, or it must be due to some other and totally distinct cause.^ 

^ Professor Ayrton’s way of putting the argument, which I think he 
mid he got from Sir William Thomson, was something like this. When 
' * Tlins It may be, suggests Pefiat, due to a sHght difEeronoe between E and 
~ fact of a current pasang; i.e. contact E.M.F. with 

electricity at rest may be slightly different to what it is with electricity in motion. 
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Q units of electricity are transmitted against a force E, work E Q is done ; 
also when they are transinitted up a difference of potential Y'—Y, work 
Q (Y'—Y) is done ; bntj ia an open circuit containing an electromotive 
junction, Y—Y' is produced by and is equal to E. Hence at an electro¬ 
motive junction no work need be done by a current; in other words, the 
existence or non-existence oi a Peltier effect has nothing to do with the 
existence or non-existence of a local E.M.F. 

The fallacy of the argument, in either form, lies in over-precise 
specification of locality; gratuitously asserts as true for the junction 
what is only proved to be true for the whole circuit. It assumes that 
there can be no work dono s-t a junction if it be perfectly easy to drive 
electricity either way across, it—if there be no work done on the 
whole. 

11 . To exhibit the fallacy, consider a hydrostatic analogy. Two vessels 
of water connected by a pipe in which is a motor of some kind, v Inch 
without leakage exerts a specified force on the water and maintains a 
constant difference of potentials, but then remains stationary, doing no 
farther work. We typify it feebly in the diagram by an impracticable 
close-fitting water-wheel driven by a weight without friction. 



Fia. 14. 

Hydrostatic analogue of tlie tixc contact or Seebeck force, and of the real though 
small difference of potential which it maintains between two metals in contact. 
W is a weight driving a water-tight wheel until stopped by the difference of 
potential set up. The liydmdic raising or lowering of the weight represents the 
Peltier effect. 

Y—Y' is the equivaleat; of the force exerted at the junction, and every¬ 
thing is in equilibrium. It is perfectly easy for water to flow from, one 
vessel into the other under tie influence of the slightest extra foz'ce, for 
W helps the water up the hill Y—Y', when the flow is in that direc¬ 
tion ; and, whenever the ffow is reversed, it lets the water gently down 
again, taking all its energy out of it. If water is made to flow from A 
to B, say by pouring more into A, the weight W is lowered, or energy 
disappears (heat absorbed) at the junction; if it is made to flow from 
B to A the weight is raised, or energy (say heat) is generated at the 
junction. Thus there is a true Peltier effect at the junction despite the 
existence of Y—Y' and its equality to the junction force, and yet no re¬ 
sistance is offered to the flow of water either way. Thus is the first form 
of the argument controverted. 

To pump water from A to B by any other pipe would need work to 
be done equal to Q (V—V^), and to pump water against the force of TF, 
acting alone, would also need work E Q; but when the water goes from 

1884 KK 
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A to B via W, or vice versa, no work is done on tlie whole. Quite true ; 
but the conclusion that no work is done at the junction by no means 
follows. Work nmst be done at the junction in proportion to tho force 
there (by inspection of the diagram), and accordingly the existence or 
non-existence of a Peltier effect has everything to do with the existence or 
non-existence of a local E.H.P. This controverts the second form of tho 
argument. 

If the argument bo now considered upset, are we to j)roceed to assort 
that the difference of potential, or force, concerned in the Volta effect, and 
the heat destruction or generation concerned in the Peltier effect, are 
closely connected, and in fact different ways of observing the same thing ? 
By no means. All we have proved is that the Peltier effect accurately 
and necessarily represents and measures the true contact force at a junc¬ 
tion. True, we have considered a difference of potential V— Y' as pro¬ 
duced by this contact force in an incomplete circuit, and so it is; but 
nothing has been said to imply that this difference of potential has any¬ 
thing to do with what is observed in electrostatic experiments as the 
Volta effect. So far from this I will assert that what is usually observed 
when two metals are touched and separated is not primarily a difference 
of potential between the metals at all. They are at different potentials 
when separated, no doubt, because they are oppositely charged ; but 
they may have been at the same potential until separated. The real 
Volta effect is almost independent of the true contact force, and of the dif¬ 
ference of potential which it produces. In other words, a good Volta 
effect can be observed when there was no difference of potential whatever 
between the metals when in contact. 

According to my view the Volta effect is produced, not by a contact 
force at the junction of the two metals, hut by a contact force at their 



Hydrostatic aualogua of the Yolta effect, or ajjparenf of potential prodaced 

hj metallic contact, and of the opposite charges hut uniform potential which li 
maintains between tw^o metals in contact. The vessels arc covered by air-tighl 
elastic bags differently stretched. 

free surfaces, between the metals and the air or othex’ medium surround- 
mgfihem. To represent this hypothesis by a hydrostatic model we shall 
have to Maintain the difference of level in the two connected vessels, 
not by 4 force at the junction, hut by a force at the surfaces; say by uHng 
closed compressed air, or more pictorially by differently 

stretched elastfo membranes dr bladder's tied over the tops of the vessels# 
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Kofce that the difference of level in this case implies no difference o f 
potential, and as before no work is required to transfer water between A 
and B. Hence it is not easy to distingnish this case from the former, and 
this difficulty of distinguishing between the two cases is what has given 
rise to most of the confusion. The only easy criterion is the non-existcnce 
in the second case of any Peltier effect at the junction C. Haturally it is 
possible and common for the two effects to be superposed, but they are 
-essentially independent. 

Since the two vessels in the second case are at the same potential, the 
way to observe the effect is to cut and seal the pipe at 0, and then show 
that the vessels are differently charged; which is what Yolta did. The 
model does not indeed represent the gradual change of potential induced 
as the distance between the condenser plates increases, and it is scarcely 
worth while to complicate the matter by making a more elaborate model. 
The thickening of the dielectric layer of a condenser, when its plates are 
separated, corresponds exactly to the thickening and strengthening of an 
elastic membrane; and rise of potential in the one case is accurately repre¬ 
sentable by increase of pressure in the other; but such considerations be¬ 
long to general electrostatics, and have no special bearing on our present 
subject. 

12. This is perhaps the most convenient place to introduce the notes or 
-condensed statements which I drew up and distributed at the meeting 
before the discussion. They were intended to be critically exact (allowing 
of course for mistakes and possible slips) so as to bear analysis, and hence 
at is probably worth while to reproduce them here with notes and com¬ 
ments. 

I.—Orthodox statements believed by the writer to be true in 

THE FORK HERE SET DOWN. 

A, — Yolta, 

i. Two metals in contact ordinarily acquire opposite charges; ^ for 
mstance, clean zinc receives a positive charge by contact with copper, of 
such a magnitude as would he otherwise produced under the same cir¬ 
cumstances by an E.M.F. of about *8 volt. 

ii. This apparent contact B.M.E. or ‘Yolta force' is independent of 
all other metallic contacts wheresoever arranged; hence the metals can be 
arranged in a numerical series such that the ‘ contact force ^ of any two 
is equal to the difference of the numbers attached to them, whether the 
contact be direct or through intermediate metals. But whether this series 
changes when the atmosphere, or medium surrounding the metal, changes 
is an open question ; on the one side are experiments of De la Eive, 
Brown, Schultze-Berge; on the other side, of Pfaff, Pellat, Thomson, Yon 
Zahn.^ It certainly changes when the free metallic surfaces are in the 
■slightest degree oxidised or otherwise dirty. And in general this ‘Yolta 
force' is very dependent on all non-metallic contacts. 

iii. In a closed chain of any substances whatever, the resultant E.M.F. 
is the algebraic sum of the Yolta forces measured electrostatically in air 

* Observe that it is not said that two metals in contact acquire different poten¬ 
tials. Such difference of potential I believe to be only apparent. Oompare figs. 14 
15. 

^Iput Von Zahn on that side because he himself considers himself there, and 
because the great bulk of his experiments lean decidedly that way. 


K K 2 
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for every junction in the chain: neglecting magnetic or impressed E.M.F* 
[Verified most completely by Ayrton and Perry.] 

B. — Thomson, 

iy. The E M.F. in any closed circuit is equal to the energy conferred 
on unit electricity as it flows round it. 

[Neglect magnetic or impressed E.M.F. in what follows.] 
y. At the junction of two metals any energy conferred on, or with¬ 
drawn from, the current must be in the form of heat. At the junction 
of any substance with an electrolyte, energy may be conveyed to or from; 
the current at the expense of chemical action as well as of heat. 

vi. In a circuit of uniform temperature; if metallic, the sum of the* 
E.M.F.’s is zero by the second law of thermodynamics; if partly electro¬ 
lytic, the sum of the EAI.F.’s is equal to the sum of the energies of? 
chemical action going on per unit current per second. 

yii. In any closed conducting circuit the total intrinsic E.M.F. is equals 
to the dyn-anncal value of the sum of the chemical actions going on per 
unit electricity conveyed (2*J0€), diminished by the energy expended in 
algebraically generating reversible heat. 

yiii. The locality of any E.M.F. may be detected, and its amounii 
measured, by observing the reversible heat or other form of energy there 
produced or absorbed per unit current per second. [This is held by 
Maxwell, but possibly not by Thomson,^ though its establishment is duo 
to him.] 


II.— Statements believed by the writer to be false though 

ORTHODOX, 

ix. Two metals in air or water or dilute acid, but not in contact, aro* 
practically at the same potential.^ [Sir Wm. Thomson, Clifton, Pellat.} 
X. Two metals in contact are at seriously different potentials (i,e^ 
differences of potential greater than such milli-volts as are concei'ned in 
thermo-electricity.) [This is held by nearly everybody.]^ 

xi. The contact force between a metal and a dielectric, or between a. 

J The only reason which I can thdnk of as likely to have caused Sir Wm. Thomson to 
donot or deny the validity of this proposition is given and, I hope, refuted at sections 
(10) and (II), 

" The truth or falsity of this statement may be held to depend on a question of 
words, VIZ. :^the definition of potential. Sir Wm. Thomson at the meeting said he 
had always dehned potential as the work done in bringing a unit charge close up to?,, 
out not the body. This definition explains some apparent inconsistency im one- 
or two of his utterances which I had never quite understood. But seeing that there is, 
no aimciilty whatever in givinga charge up to a metal body, but rather the contrary. 
Why not denne its potential in the more simple manner which followers of his have 
unconsciously, and I beheve universally, adopted, not knowing that they were thus 
putting themselves out of harmony with him. Given Ms definition, so that the 
l^tential of a bod. means really not its potential but the potential of the medium 
Close to It, statements Nos. ix. and x. ace undoubtedly true ; and No. xi. is also true,, 
i sup^e, for It then only means that there is not much E.M.F. between the medium 
close to a metal and that at a little distance. 

natural to suppose that the potential of a metallic conductor is. 
homogeneous or not. Indeed it is not only more naturali. 
9^ a conductor can only differ in potential by reason 
located at ^e junction. Now there usually is an E.M.F. at a junc- 
magnitude as is concerned in thermoelectricity. It,. 
diSerenee of potential between the metals, but nothing 
provided that by Mhe potential of a metal» is meant 
nac potential, ana not the potential of air near it. 
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5 ^neta^ and an electrolyte sucli as water and dilute acid, is small.^ [Ayrton 
and Perry, Clifton, Pellat, and probably Sir Wm. Thomson.] 


18. Before proceeding? to the statements embodying my own views, it 
will be more interesting if I try to explain in a fuller and more connected 
manner what they are.^ 

Let ns regard the air as a dielectric bath of oxygen, in which metals 
are immersed, and pictnre a piece of zinc surrounded by oxygen molecules 
which are straining at it, and endeavouring to combine with it. They 
may indeed partially succeed; but suppose they do not, we have here a 
strong potential chemical action or chemical strain, which must probably 
be accompanied by some physical phenomenon. Now remember that 
•oxygen is an electro-negative element; and without endeavouring to 
-examine too precisely what signification is involved in that statement, it 
will be not out of accord with orthodox views if we assume that it means 
that at least any dissociated oxygen atoms are negativel}- charged, each 
with the characteristic charge of a free dyad atom. Granting something 
-equivalent to this, without pressing the form of expression too closely, we 
perceive that the strain of the oxygen towards the zinc will result in 
what I metaphorically call a slackening up, or attempted compression, of 
the negative electricity in it, i.e. to a rise of negative potential. We may 
therefore say that zinc is at a lower potential than the aii’ surrounding it, 
and that the step of potential in crossing the boundary from zinc to air 
iis closely connected with the chemical affinity between zinc and oxygen. 
Observe that this step of potential does not obviously nor probably depend 
on the amount of oxygen present. It is possible that a few million 
molecules may be as efiective as a large number. Note also that the step 
of potential is by no means caused by actual oxidation : in so far as the 
•zinc surface is tarnished by oxidation the strain will be diminished and 
the step of potential become less. 

Nothing is said here about the possible eiSect of the nitrogen, because 
at is simplest in the fii'st instance to ignore it, though whether experiment 
will justify this simplicity or not, I do not yet know. 

We may go further and assert that if in general the chemical affinity 
of two substances can be measured by their energies of combination, then 
the step of potential in the present case may perhaps bo calculable from 
the heat of combustion of zinc. 

And one may justify this assertion thus. Let au atom of oxygen 
combine with an atom of zinc ; it will generate an amount of heat 7^ and 
its characteristic charge, will he given np to the zinc and will thereby 
fall down the step of potential, t?, which separates the zinc from the air. 
Now if W6 suppose that the heat li is the reprcseniatlre and eqtnvalent 

<f the fall of energy q it follows of course that v == 

Sflake the hypothesis and see what comes of it. 

^ The experiments supposed to establish this really prove only that there is very 
little difference between the air and the water in which a metal is partially immersed. 
I do not quite know how to understand, on Sir Wm, Thomson's plan, the potential of 
a metal which is half in one medium and half in another. 

' 2 reason I set them forth at length is because I had no time at the meeting 

both to open the discussion and also to properly express my own ideas, and Sir Wm, 
Thomson was kind enough to tell me to write out the paper completely, and to 
explain the position I took up full}-. * This, therefore, 1 have endeavoured to do. 
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14. Tlie oxidation energy of zinc per gramme-equivalent ^l.e. 65 
grammes of zinc or 16 of oxygen) is, according to the determinations- 
of Julius Thomsen, Andrews, and Favre and Silbermann, 85430, 84825, 
and 88915 respectively. 

The amount of electricity needed to deposit a gramme-equivalent of 
zinc, or of any dyad element, is, according to the modern determination 
of Lord Rayleigh,^ 19,320 units. 

Hence the value of -, which is a ratio evidently independent of the 

number of atoms dealt with, lies between and xJ'S'tij probably. 

Let us say it is or 4*4. 

How J in absolute measure is 42 x 10®; so the value of according to 
the above hypothesis, comes out 1*85 x 10®, that is 1*85 volts. 

This, then, I say, is the step of potential between zinc and air. (To 
avoid circnmlocntion I will speak as if the above hypothesis were ad¬ 
mittedly true, and all I now say stands or falls with it.) 

All clean bright zinc is thus about 1*8 volts below the potential of the air 
near it: tarnished or oxidised zinc will exhibit less difference, and it is per¬ 
haps possible that perfectly oxidised zinc need show no difference of poten¬ 
tial at ail between itself and the air. The step of potential by no means 
therefore depends upon the occurrence of oxidation, it is the oxidation 
tendency which causes it; but so far as oxidation actually takes place the 
step diminishes. 

Proceed to consider a piece of copper similarly. Oxygen molecules 
are straining at it also, but with less force. The combustion energy of 
copper per gramme equivalent is given by the three authorities already 
quoted as 37160, 38290, and 43770 respectively. These do not agree 
well, and it is difficult to know which to take; but Thomsen*s results are^ 
I believe, generally relied on; so, assuming his, the step of potential 


between copper and air will be 


•42x37200 

19320 


volts; that is, about *8 volt. 


This, then, is the amount by which clean bright copper differs from the air. 
Oxidised copper will differ less. Comparing this value for copper with 
that just obtained for zinc, we perceive that a piece of zinc and a piece 
of copper are, when separate, not at the same potential; they differ by 
about a volt from each other. 


How put the zinc and copper into direct metallic contact, and neglect 
for the present the third of a millivolt of E.M.F. developed at tho junction,, 
%Mch acts so as to drive positive electricity from copper to zinc. A rush of 
electricity must take place from the copper to the zinc to equalise their 
potential; it is impossible that they can remain at different potentials 
when directly united: all parts of a conductor must be at a uniform 
potential, and the rush has taken place because they were not so vvhent 
put into contact, 

15. Picturing to ourselves the effect as produced by the straining oxygen 
we shall perceive that they could not get at either metal when sepa-^ 
s drat, oeoause they surrounded it every where, and strained equally on 
^ ^des % and second, because being all charged with negative electricity 
troy oquM not move in on all sides at once without, so to speak, compressing 

silver are deposited by au Ampere current in an hour.'—y 
electrochemical equit^ent of silver ■01118,,ana 
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the electricity in the body and giving it an absolute charge. But directly 
the copper touched the zinc the oxygen atoms were cleared away at the 
point of contact, and the stress of those at the rest of its surface was no 
longer counterbalanced. Moreover, they can now all move nearer to the zinc 
because a way of escape for electricity is provided into the copper, whose 
surrounding oxygen atoms will be thus driven back somewhat further from 
the surface, until the dielectric strain, assisting the chemical strain on the 
copper surface and opposing it on the zinc surface, prevents further dis¬ 
placement, and equilibrium is again attained. The electricity which 
escaped from the zinc to the copper was negative electricity (oxygen 
being essentially an electro-negative element), the negatively charged 
oxygen atoms have moved a little nearer to the zinc than their normal 
distance, the thickness of its layer of negative electricity is reduced, 
or its surface is positively charged; the negative layer on the copper has 
been slightly thickened—its surface is negatively charged. 

This is a pictorial way of representing the process, and may be 
regarded as somewhat fanciful; it is, however, the way in which the 
theory originally occurred to me, and it permits more insight into the 
processes than a mere statement in terms of potential can ; though it may 
well be that the imagined processes are but distant likenesses of the real 
ones. 

The oxygen atoms have moved nearer to the zinc, it is now more 
easily oxidised than before ; the copper, on the other hand, is by contact 
with zinc somewhat protected. 

Observe that the contact has not developed any force; it has only, by 
sweeping away the oxygen from the point of contact, enabled previously 
existing forces to do work and produce their effect. 

The air surrounding the metals in contact is in a state of slight dielec¬ 
tric strain, such as would be produced by two pieces of any one metal of 
similar size and position, charged so as to differ in potential from each 
other by a volt. 

Zinc and copper plates in contact may therefore be regarded as the 
plates of a condenser, but they form a peculiar condenser, for they are not 
really at different potentials; the whole step of potential which throws 
the air into its state of dielectric strain is located on their bounding 
surfaces^ 

Let B and s! be the electrostatic capacity of the zinc and the copper 
respectively—think of them as two independent spheres united by a fine 
wire—and let a? be their common potential; then the zinc has, by the fact 
of contact, gone up 1’8—p3, and the copper has gone down a?—*8; and, 
since the quantity of electricity which left the one went to the other, it 
follows that— 

s = s' (a3--8), 

1-8 s +*8 5 ' 

There is no necessary relation between b and d in general, but in the 
ordinary form of the Yolta experiment the two plates are of equal size 
and shape; in which case s = s', and a? ?= 1*8 volts below the potential of 
the unconstrained air. 

All this is wholly anlike a condenser investigation. To treat it as 
a condenser we must consider the air surfaces close to the two metals as the 
plates of the condenser, and we can then speak of its electrostatic capacity 
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8 in the ordinary way, and say that it is in the present case charged witli 
the E.M.F. of a volt. 

The quantity of electricity on either plate of such a condenser is 
S ( 1 * 8 —'' 8 ) or 8; hence 

6 ' (l*8-> == s' (.T--8) == 8 (l*8--8). 

And the general relation between the three 8 ’s is like that of two 
Leyden jars in cascade, viz. 


If the two pieces of metal are circular discs each of radius r, and at a 

,j.2 

distance £• apart, the value of 8 is of course —. 

In Volta’s foi*m of the experiment, two plates are put near each other, 
connected for an instant, then removed from each other, and the poten¬ 


tial of one of them observed. 


This measni’es 


where x is the 

s + x 


capacity of the electrometer used. 

In Pellat’s form the charges acquired hy contact are neutralised, and 
the oxygen atoms driven back to their normal distance, hy an extraneous 
E.M.E. carefully adjusted until the plates, after separation, exhibit no 
charge. This measures 1*8 —‘8 directly. 

16, So far I have spoken as if I were sure that (granting the hypothesis) 
the potential of clean zinc is 1*8 volts below the air; but 1 am not really 
sure that this is anything better than an approximation. The fact that 
no actual combination occurs makes the matter perhaps a little indefinite. 
If an oxygen atom unites with a zinc atom, one has a right to say dis¬ 
tinctly that q has stepped down t-; but suppose they are only facing one 
another, and wishing to combine, are wo justified then in asserting that 
the step V is ready for g to go down, and that it is the same v as before ? 
It almost seems to depend on whether chemical attraction becomes greater 
as two atoms approach one another, or becomes less. 

Suppose, first, it becomes greater, which is the natural hypothesis, 
then the v calculated from data obtained by permitting the com¬ 
bination to^ occur will be too large for the step of potential caused by 
the attraction of metal for oxygen over a standard distance. On the 
other hand, the differential force urging electricity aci’oss a junction 
of two metals, which is observed in the Volta effect, may be somewhat 
greater than simply the differences in their pull reckoned at standard 
distances, because the approach of atoms to the zinc will increase 
it on this side, and the recession of atoms from the copper will decrease 
it on that. Hence the Volta effect may perhaps be expected to agree 
better with calculation than the air/metal potential-difference does, if this 
la tter could foe experimentally observed, which it never yet has been, 

Next, suppose that chemical attraction becomes Jess as atoms approach 5 
the step of potential between a metal and air will now be greater than 
tteil Calculated fxom chemical data ; nevertheless the Volta effect will bo 
somewhat less than that due to the differences of such steps for two metals, 
and «my thus possibly agree pretty well with calculation. 

The agreement or non-agreement of Volta effects with calculation 
uc^i tibet^ore quite establish the accuracy of our calculated, metal- 
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tiir contact forces. But we have no right to assume that even Volta 
effects will agree with calculation particularly w^ell so long as our data 
are so slender. They have no chance of accurately agreeing unless the 
metals used are pure and perfectly clean—a most difficult condition to 
attain for even a few seconds. 

Before leaving this subject it may be well to point out that, whereas 
the caJcAilation of a Volta effect depends on data obtained by allowing 
oxygen atoms to approach the metal completely and actually combine, 
the experimental determination by Kohlrausch’s and similar methods 
depends on letting the atoms approach somewhat nearer to one metaland 
recede somewhat further from another; while the compensation form of the 
experiment employed by Pellat and others depends upon forcing back 
and restoring the atoms to their original or standard positions. Now if 
the views here just expressed have any sense or signification whatever in 
actual fact, it would be very natural to suppose that the numbers obtained 
in these three ways might be slightly different. But to specify the direction 
in which wo should expect the differences, if any, to lie would require us 
to have made up our minds as to the probable variation of chemical 
attraction with distance. Assuming an inverse variation, the Pellat 
method should give the least, the Volta or Kohlrausch method the next, 
and the calculation method the greatest, value for the Volta effect. 

But all these ideas complicate the matter somewhat, and they are quite 
possibly unnecessary. If it be considered that we have no data at present 
it may be permitted to work on the simplest hypothesis, viz. that the 
step V is independent of how nearly chemical action has occurred—that it 
is the same for atoms straining at one another at their normal distance as 
, for atoms on the verge of combination. And it may be argued in favour of 
this view that we really have some data, viz. these. 

If it were not true, results obtained by Pellat’s method could not be 
expected to agree exactly with those obtained by Kohlrausch’s (of which 
Ayrton and Penny’s or Clifton’s may be taken as the best examples). Now- 
results obtained by these different methods do agree very fairly wellexact 
agreement cannot be predicated, for the most trifling circumstances cause 
large variations in the Volta effect, but no decided disagreement is observ-. 
able. Again, if it were not true, the Volta effect observed wbeh two 
metals far apart in the series (e.y., zinc and platinum) were employed 
would be inconsistent with the results obtained by using metals nearer 
together, say zinc and tin, or tin and platinum ; and if this were so, the 
metals could not be arranged in the linear series which eighty years ago 
Volta showed they could be. These arguments throw no light on what 
may happen jnst before actual combination, still they are encouraging so 
far as they go. 

17. Let us therefore endeavour to suppress farther qualms, and calculate 
a series of metal-air contact forces from the heats of combustion ; remem¬ 
bering that all we have to do, in order to convert heats of combustion per 

19320 X 10® 

dyad gramme-equivalent into volts, is to divide by — ^ 
by 46000. 

But the decision as to what numbers we shall take to represent heats 
of combustion is a matter of some difficulty, for not only do the numbers 
obtained by different observers for the same reaction differ, sometimes; 
considerably, b.ub it is not obviotils when different oxides are formed; 
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'wMcli of tliem we are to consider as most applicaUe to tlie case of the Volta 
experiment. Perhaps one should take the most common or stable oxide; 
perhaps, seeing that no combination is supposed actually to occur, and 
since the metal is, so to speak, in excess, it is most reasonable to take 
the lowest oxide which the substance will form. It may be that the 
data are not known for this; it may even be that they have only been 
obtained for the hydrate instead of for the oxide. 

I must theretbre do the best I can, and quote several numbers 
wherever there is obvious doubt. I imagine that J. Thomsen’s ai’e the 
most reliable when they are available. 

But it must be remembered all through that since it is only the 
tendency to chemical action which is the cause of the Volta effect, whei'eas 
combination heats are obtained by permitting or causing the combination 
to actually occur, the numbers obtained by calculation are not likely to be 
quite right; and they may be expected to err on the side of excess, the cal¬ 
culated number being higher than the actual value if directly observed. 

JEJneryy of Gomhination of Metals with Oxygen, 


Metal 


Molecule 


Zinc . 

i Tin , 

1 

; Lead, 

I 

Iron , 


iNickel 

Cobalt 


Copper 

Mercury , 
Silver , 

^Hydrogen ^ 


Zn,0 


ZnjOjHgO 

Sn,0 

Sn,0,H„0 

4(Sn,o;) 

SnOjO 

Pb,0 

Pe’o 

Fe,0,Ho0 

4 (Fe,0;) 

4 (^^ 3 ^ 4 ) 

Ni,0,Ho0 

co,o,h;o 

Cu, 0 “ 


Cu.O 

CuO 

Hg,0 

Hg^O 




{ 


2iKM,OM0 


Authority 


I Heat of I 
> Forma- ; 
I tion 


Thomsen . 
Joule 

Andrews . 
Favre and SiL 
bermann 
Thomsen 
Andrews 
Thomsen 
Andrews 
» 

Thomsen 
F. and S. 

»> 

Thomsen 

it 

Andrews 
Thomsen 


Andrews 
P'. and S. 
Thomsen 
Joule 
Thomsen 


F. and S. 
Thomsen 


Dulong, Hess, 
Grassi, Joule, 
Berthelot * 
Thomsen * 


wo&: 


85430 
. 1 77000 
. I S482S 
■|j 83913 

. I 82000 
. I 67100 
. I 68090 
. I 67680 
. 1 611o8I 

. 1 50300 
. ’ 55350 
. I 75656 
. j 6S280 
. 63730 

. i mm 

. , 60840 
. ! 63400 
. : 37160 
. ; 38290 
. ; 43770 
40810 
37486 
30660 
42200 
5900 
12226 
68360 
78000 


79600 

isosooo 

'2.32920 

164560 

136000 


The 
same 
reduced 
to Volts 

1*85 

1-C6 

1-84 

3-82 


1-46 


I'lo 

1-20 

1-64 

1-48 

3‘44 
1*32 
1-38 
*81 
•83 
•95 
•89 
•81 
•67 
•92 
•13 
•27 
1-49 
1*70 

1-72 


3*66 

^•95 


Extreme 

Values 


Mean 

or 

Proluible 

Value 
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Mnergy of Conibinatwn of Metals mth Oxygen. —continued. 


Metal 

Mulecule 

Authority 

Heat of 
Forma- 

The 

same 

reduced 

Extreme 

Values 

Mean , 
or 

Proballe 




tion 

to Volts 


Value ' 



f 2(Na,H,0) 

Thomsen . 

201060 

_ 





2(Na,H,0,Aq) 

ji • • 

223620 

— 



Sodium 


Nao,0,Aq 


155260 

3'3G 





Nao,0 

Woods 

151600' 

3*28 

i 1 




Hypothetical , 

130000 

2-82 

1 



r Ca,0 

Thomsen . 

131360 

2*85 

1 

Calcium . 


CaO,H„0 

CaO,Aq 

j> • • 

146400 

— 

i 



5> • • 

149400 

3-24 




r BaO 


130380 

2-84 

i 

Barium 


BaO,HoO 


14800 

— 

1 



^ BaOjAq 

J> • * 

158260 ; 

— 

j 


«! 

Sr,0 

JJ • • 

130980 

2-84 


Strontium. 

SrO,HoO 

it » • 

148180 

— 



1 

^ SrOjAq 

J» • • 

157780 

3-41 

1 

Magnesium 

j 

Mg,0 

• Mg,0,H.0 

Si • 

ii • 

145860 

148960 

3-lG 


Palladium. 

rd,0,H.,0 

19 • • ! 

22710 

•50 

i 

Cadmium . 

Cd,0,H20 


G5C80 

1-43 


Thallium . 

T1„0 

» ; i 

42240 

•92 


Manganese 

Mn,O.HoO 

is . . ! 

94770 

2‘05 


Aluminium 

i(Alo,03,3 H,0) 

Si • • j 

129600 

2-81 


Lithium . 

Li2,6,Aq 

Si • • : 

1G6520 

3-62 


xArsenic 

KAS2,03> 

99 • • 

51630 

1*12 

1 

Bismuth . 


Woods 

1 

13200 

i 

•29 

1 


ITumbers obtained from unsatisfactory oxides and hydrates, like those 
of aluminium, arsenic, and bismuth, are not likely to be useful for oui* 
present purpose. I know" of no better data yet available however. 

It is nov^ easy to write down a Volta series obtained by pure calculation 
from heats of combustion. W^e can then see how far it agrees with the 
results of direct experiment. The principle on which I determine* which 
of the preceding numbers to select is simply to choose Thomsen’s when 
it refers to the simplest oxide, and in other cases to take what one can get, 
Metals about which there is obvious uncertainty, as for instance sodium, 
aluminium, bismuth, &c. are omitted. I only take the common ones. 

,Cahiilatod Volta Senes, 


Lithium and IMagnesium . 

3-0 

Nickel 

1*32 

Potassium . 


2-95 

Lead . 

1*15 

Calcium, &c. 


2-84 

Thallium . 

*92 

Zinc . 


1*85 

Copper 

\S1 

Iron . , 


1-64 

Mercury 

•67 

Tin . 


1*46 

Palladium . 

*5 

Cadmium . 

• * . 

1*43 

Silver 

■IS 

Cobalt 

. 

1-38 




To compare this series with those obtained hy experiment, we may as 
well take zinc as the metal of reference, and write down the Volta effect 
between .it and the other metals, first as abstracted froin the above table, 
and then as found by different observers. Strictly, one ought first to 

* This number for sodic oxide agrees with Thomsen’s value for the hydrated 
oxide, whereas for K, Ba, Sr, Ca the oxide is distinctly helow the hydrate. By 
analogy, one would expect to have to subtract some 2o,000 from the hydrated oxide 
NagjOjAq, and this gives the 130,000 which 1 put down as a hypotheticarmimber for 
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4jiibfcracfc Peltier forces from the observed numbers before comparing then] 
with theory, but these forces are too small to make any appreciable 
difference. 

Volta JEJffecis m Air, 


■ 



Observed by 


i 

Metal Pair 

j 

! 

1 

t 

Calculated from 

Pcllat 

Ayrton and Perry 

Clifton 

Heats of 
Combination 

Clean 

Scratched 

Using 
Commer¬ 
cial Zinc 

Using 

Amal¬ 

gamated 

Zinc 

— 

' Zinc— 

1 Tin 

•r,9 

‘25 

•35 

•28 

•46 ‘ 


1 Lead . 

*70 or *65 

•15 

*31 

*20 

•35 

_ 

! Iron 

•21 or A 

‘56 

•70 

•60 

•74 

•75 

! Xickel . 

*.■>3 

•47 

*63 


_ • 


1 Copper. 

1 04 01* -9 

•71 1 

•86 

•75 

•89 

•85 

1 Mercury 

1 118 

1 

— 

1’06 

1*20 

1-07 

1 Silrer . 

1*71 or 1*08 

‘91 

1-12 

_ 

_ 

_ 

j Platinum 

! . “ 

— 


•98 

1-13 

— 


The alternative calculated number sometimes given is merely to show 
the kind of variation probable in those cases from uncertainty of data. 
In each case of agreement the calculated number is a little higher than 
the observed, as was to be expected. No reason occurs to me for the 
breakdown, and apparent interchange, in the case of load and iron but 
“Such vague guesses as may occur to everyone. 

Measurements of the E.M.F. between clean metals plunged into dis¬ 
tilled water or weak acid have been made by Clifton and by Beetz.^ I 
.'Suppose one is justified in calling them— 


Volta JEffects in Water, 


1 M^tal Pair 

{ 

Calculated from Heat of 

Observed by 

Combination 

Beetz 

Clifton 

( Zinc— 

i Copper .... 

1-0 

•98 

•82 to •92 

1 Silver .... 

1-7 

1-23 


{ Platinum . . . ] 

j Sodium Amalgam— 1 

i 1*8 or less 

1-52 

1*3 (Smee) 

Zno 

: 10 

•78 


1 Copper .... 

2-0 

• 1-79 

. _ 

! Silver . . . , 

2*6 

• 2*05 ‘ 


i Platinum 

.... „ J 

2-8 

* 2*81 ‘ 

— 


r 4.1! , wjxujv LUC jaui/ some or ine nuraoers in tne former 

the above tables afford a ratber poor support to my theory; but it must 
be remembered, on the other hand, that they are not relative numbers 
<^nly that we have calculated, but absolute; and the fact that the heats of 
'Combustion reduced to volts are numbers of the same order of mam- 
tude m the ¥oha effects, is of itself a strong confirmation of the belief 
that chenneal strain at the air contacts is the real cause of the apparent 
'Contact force at the Junction of two metals. 

> Beetz, Ann. der F7i>y^Ui, x, UB, 1880. 
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The agreement of the mimhers, though not exact, seems to me too close 
to be the result of accident. One may, I think, claim that the hypothesis 
whence the calculated numbers are obtained is justified by the hgui'es as 
far as they go. It is not put forward as a completed theory, but only as a 
first step to such a theory. I believe it to be a step in the direction of the 
truth, but it requires working out and elaborating by a scientific chemist. 

18. hTot many measurements of metal pairs have been made even in aiiv 
for mere permutations such as copper-tin, tin-silver, &c., follow at once 
from the numbers given above, by Volta’s series law *, but in gases other 
than air one has at present no experimental guidance, beyond the barest 
qualitative one given by Mr. Drown, that copper-nickel reverses its sign 
when changed from air to hydrochloric acid, and that copper-iron 
reversed in sulphuretted hydrogen. But satisfactory observation in these 
gases is difficult, because they not only tend to attack the plates, but they dL> 
attack them; and so a film is formed and every thing is rendered uncertain. 

Another complication results from the fact that wffien metals are 
taken out of air and put into a foreign gas, they are already coated with 
a film of oxygen, and it is not clear in what way this will afiect the action 
of the new gas. It may have to be replaced almost by substitution ; the 
affinity to be considered in chlorine, for instance, being isomething like 
M,0l2 — M,0. In a compound like HOI, the hydrogen also may have to 
be provided for, the resulting chemical strain being, for instance, M,Cl 2 
M,0 -f HgjO — 2 (H,C1) ; but the consideration of the hydrogen affinities 
will not affect differences^ and therefore will leave comparisons with ex¬ 
periment unaffected. Taking the metals as clean, howover, and without 
air films, we must suppose the following series to be right:— 

Bnergies of Gomhinatlon of Metals lolth Ghlorine ; and Galculated 
Volta Series in that Gas. 


Metal 


Zinc , 

Lead 

Iron , 
Nickel 

Copper 

Mercury 
Silver . 

Hydrogen. 

Potassium. 
Sodium . 


Mulecule 


Zn,Cl.. 


Pb,C]o 

Fe'cii 


Ca,Cl2 

JJ 

Hg,Cl> 

2(Ag,Cl) 


r 2(H,C1) 

J 2(H,Cl,Aq) 
1 2(H,01) 

I 

[ 2(K,C1) 

I ” 

2(Na,Cl) 


{ 


AuOioriiy 


Thomsen 
F. and S. 
Andrews 
Thomsen 
K. and S. 
Thomsen 
F. and S. 
No data 
Thomsen 
F. and S. 
Andrews 
Thomsen 

F. and S. 
Thomsen 

F. and S. 
Alvia . 
Thomsen 
F, and S* 
Andrews 
Thomsen 


Heat of 
Combination 


Calculated 
Volta Series 
in Volts 


97210 I 21 

100592. i — 

101316 ! - 

82770 I 1*8 

89150 I -- 

82050 I 1-78 

99302 ; — 

51630 ; 112 

69048 I — 

60988 : — 

63160 1-38 

68760 ! 1-28 

69600 ' — 

41000 1 *96 

78610 — 

47566 — 

48174 — 

211220 4-62 

201920 I — 

208952 i — 

195380 j 4*2i 


This series will hold, as far as differences are concerned, for hydro- 
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cHoric acid also ; because, whatever effect tlie hydrogen affinity may have 
in changing the numbers, it will have the same effect on all. 

It is easy to write down the hypothetical series in bromine and iodine in 
the same way— 


Calculated Volta Series iii Bromine and Iodine. 


j Metal 


i 

Ill Bromine 


In Iodine 

I Potassium , 



3-85 


3-50 

1 2mc . 


. ' 

1-74 



! Lead . 


i 

1*40 


•87 

1 Silver 



1-10 


•oo 

' Copper 


1 

* 1 

•59 


•23 

' Hydrogen . 


• 

•40 


-•13 


All this supposes the metals to be perfectly clean, and not covered with 
a film of foreign gas like oxygen. On the hypothesis that the metal has 
been taken recently out of air, and that the film of oxygen with which it is 
covered has^ to be torn from the metal, though it was not actually com¬ 
bined with it, the Yoita series in chlorine or hydrochloric acid would be 
quite different, and more like this. 


Mypoiheiical Volta Series of Air^^coated Metals in Chlorine or MCI 
Silver , . . . 1*8 

Lead.1-2 

Iron.1-1 

Unfortunately I can get no data for the heat of chlorination of nickel 
but assuming it not very different from iron, the above series gives copper 
and nickel m the right order, as observed by Mr. Brown, whereas the other 
■one did not. I have no esperiments with which to compare the numbers 


Copper .... -9 
Zinc .... -s,-) 


Calculated Yalta Series of Glean Metals in Sulphur or Sulphuretted 
JSydrogen, 


' Metal 

Heat of Sulphurisation per 
gramme equivalent 

Potassium . , , . j 

91276 

Zinc.! 

41880 

1 Iron.. 

35506 

Lead.. 

19112 

Copper . . , . J 

18266 

SEver.. 

11048 

Hydrogen . . , . | 

5482 


Volts 


1-95 

•87 

•7C 

•41 

•89 

•34 

•12 


- —* I I 

But it will be observed that this is nothxnfr like the 
pected in sulphuretted hydrogen; for it is popularly known that copper 
IS more easily sulphurised in this gas than iron ISTow flQcnwiVrw 
metel Lad been covered with an afr film!L7Lt the o^Z of f ® 

^ be repW by ralphnr, the chemical tendScy, LteaTof beiSM^q® 
IS more like M,S-M,0, or possibly Mfs-MO+H, 

tod either of these will give a quite different • ^25^ ? 

p. 624 of mumann’s • Gmelin-S ’ to! i .are gi^en on 

of wioua bases. by HaS, such as CuO+H S ^ 
like what_we want, and from them we reekra the follovd^gt^ 
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hypothetical Volta Series, m Sulphur or Sulplmretted Wydroyen^ of Metallic 
Oxides, and possibly of Air»coated Metals, 


Metal 

Heat of Reaction 

M0 + H2S=MS + H20 

Volts 

8Uver .... 

55800 

1-20 

lUercury .... 

48700 

1-04 

Copper .... 

31600 

•68 

Lead. 

2G600 

•57 

Zinc . . • • • , 

19200 

•41 

Iron. 

14600 

*31 

Sodium .... 

7700 

•16 


The series so obtained gives copper and iron in their proper order; 
but it is scarcely likely to be really correct, because it assumes that the 
oxides of the metals are exposed to the gas rather than the metals 
themselves. It is quite possible that it is not very incorrect for tarnished 
metals— i.e, metals coated with a film of oxide; but for ordinarily clean 
metals, coated, not with a film of oxide, but with a film of oxygen, it is 
nothing but a rough approximation, given because we have no better data. 

It is to be noted that, as the film of oxygen diffuses away, the Yolta 
effect depending on it must diminish; until at length the active affinity caus¬ 
ing the chemical strain is nothing more than M,S, or perhaps M,S—H 2 ,S. 
A gradual falling off and ultimate even reversal of sign was observed by Mr. 
Brown in both HOI and HoS. In so far as actual chemical action occurs 
and a film of chloride or sulphide forms, so far, of course, also will the effect 
diminish; because it depends essentially on the unsatisfied chemical strain, 
mot on the accomplished chemical action. 

Vov a summary of the views here expressed see section 22. 


19. Having now explained why I believe the main part of the Yolta effect 
to take its rise at the surface of contact between metal and medium rather 
than between metal and metal, it remains to consider whether this belief 
requires one to assert that there is no true contact force at ail at the 
junction of two metals. By no means; the existence of such a force is 
undoubted ; but for metals it is usually very small and may be neglected 
in comparison with the Yolta force, though, strictly speaking, what is 
observed electroscopically is a mixture of the two. It is the true contact 
force which gives rise to the Peltier effect, and its variation with tempera¬ 
ture (assisted by the Thomson effect) causes thermo-electric currents, 
A contact force exists, as Thomson has shown, not only at the junction of 
two different metals, but also between parts of the same metal at different 
temperatures. 

In another place ^ I have endeavoured to gain some insight into the 
nature of this true contact force and to suggest its cause. This has been done 
by many others; but I may be permitted to repeat my own notion—vague 
and incomplete though it avowedly is. Molecules of matter do not move 
in independence of electricity; at any rate, the converse is certainly true— 
electricity does not move independently of matter. Electricity, in flowing 
through a wire, meets with resistance; there is something analogous to 
friction between the matter and the electricity, and the opposing force is 
precisely proportional to the strength of the current. This much is 

* Phil. Mag, December (suppL), 1876, < On a Mechanical Ulustration of Xhermo- 
electrio Phenomena.’ 
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expressed bj Olim’s law, E = RO, wnich is a carefally verified tbongli 
empirical statement. But, analysing li into specific resistance of material 

(p) and sectional area of conductor, and permitting ourselves to regard 

area 

as proportional to tbe velocity of electricity in a circuit of different thick*, 
nesses, we perceive that Ohm’s law means that 

dV , .. 

~ = |0 X velocity. 
d:o 


Let us then postulate, between electricity and any given kind of con» 
ducting matter, a connection which shows itself as an E.M.P. proportional 
to the speed of their relative motion and to the specific resistance of the 
material, hlolecules of matter are not at rest, but (say) vibrating at a 
rate depending on, or rather itself determining, the temperature. Those 
motions cannot be independent of electricity, but they result in no force 
urging it to flow because their motions at'e symmetrical. But place 
two metals in contact—one hot, the other cold; or one copper, the other 
h’on—at the junction symmetry disappears, there must be constraint and 
accommodation; and, in whatever precise way this acts, it seems probable 
that it can be conceived of as having the same efPecfc as a layer of molecules 
moving faster on their outward journey than on their return. If any such 
dissymmetry of velocity were produced, it would exert a propelling force 
on electricity ^ in the direction of the greatest velocity, because the force 
is proportional to the velocity. This is the crude and tentative way in 
which I picture to myself the Seebeck or true contact force—the cause of 


thermo-electricity and of the Peltier phenomenon. 

But now why is this force so small in ordinary metals ? Because it 
depends on p, the specific resistance, and this is small. Choose badly- 
conducting metals like bismuth and antimony, or still better selenium 
and tellurium, and the force will be greatly increased. Choose so-called 
non-conductors, like glass and silk and ebonite, and it becomes enormous. 
But w^hen one uses non-conductors we cannot expect to excite currents 
flowing in closed circuits ; we can only expect electrical displacement and 
electrostatic phenomena; and indeed it is no such easy matter for 
electricity to move in^such substances, even though the force urging 
it be excessive; and a little mechanical violence (friction) may be necessary 
to help it to move. But remember that no amount of friction cau de¬ 
termine^ the motion in one direction rather than another: working a 
pump piston exhausts no air unless there are valves. Friction may 
Borne of^he energy, but the directing force must be in the substances in 
contact.® To assist the passage it is customary in electrical machinos to 
touch together a conductor and insulator rather than two insulators. I 
doubt not that when metal touches glass the surface of contact would become 
chilled as soon as any transfer of electricity were really produced by the 
force; but the heat developed, by the friction apparently necessary to aid 
the transfer, effectually masks any chilling. 

uecessarOy on pofiiive electricity. It seems a complication, but 
Sir Williams researches show thkt it is positive in some metals and negative in others. 
In of lead only does the grip on both electricities seem the same. 

Thomson {Proc, Mmj. Soc. 1876) endeavoured to extend orclinarv 
metMs to non-conductors. He was hardly likely to get very cleVresult?* 
some eleotri^l transfer as t/e result of Lre^LS" Ht he 
admitted that it IS possible to apply mere contact and no sort or kind of violence 
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j^Ieasnremeiit of contact force between insulators is beset witb dif- 
'dculties, because it is so difficult to make electricity pass across tbe 
junction. No limit to tbe force bas at present been obseryed: wbenever 
an electrical macbine reaches its limit and refuses to charge its prime 
conductor, or a Leyden jar, to a higher potential, it is accounted for by 
saying that the rate of leakage is now equal to the rate of production 
(which is undeniably true), but nothing is said about whether the rate of 
production is the same as it was when the jar was uncharged. It is 
a difficult matter to settle, because most of the leakage takes place close 
to the rubber; and, though it is quite possible, it is unlikely that a limit 
to the force will be discovered, by finding the activity of a frictional 
machine less at high potentials than at low. When the substances in 
contact are two metals it is impossible for them to drive electricity very 
hard, for it would, so to speak, slip through their fingers; but when an in¬ 
sulator is concerned, its grip is so great that probably there is no limit to the 
force until its insulating power is overcome, and through it also electricity 
begins to slip. Certainly any upper limit must be a very high one, for the 
force can readily pile up a charge till it produces sparks a foot or more long. 

Whether Volt<i forces, or contact-forces between substances and the 
medium surrounding them, exist for insulators also we do not kno\^*; we 
have no reason whatever to deny their existence; but whereas in the case of 
metals these exceeded the forces acting between the substances themselves, 
here in the case of insulators they are absolutely negligible by comparison. 
For intermediate substances they may have correspondingly important 
values, and it seems not unlikely that at the junction of metals with elec¬ 
trolytes, and of electrolytes with one another, the total contact force may 
be a complex one; partly chemical, and due to the possibilities of chemical 
action sti'aining across the junction; and partly physical, due to difierent 
velocity of the molecules. 

20. The .preliminary experiments of Bouty Lave caused him to 
believe in the existence of physical contact forces, at tbe junction of 
metals with electrolytes, which cannot be brought into harmony with 
energies of chemical action. And though the subject is too unexplored 
in this direction to he ripe for discussion, it may be well to point out 
that these contact forces are important in the theory of the voltaic cell 
even in its simplest form. 

Why is the E.M.F, of a zinc-copper battery less than that of a zinc- 
platinum ? 

Why is the E.M.F. of a zinc-lead or iron battery smaller than either P 

The same chemical action goes on in each, zinc is dissolved at one end 
and hydrogen liberated at the other; how then can the E.M.F. be different 
if it is calculable from the chemical reactions ? ^ 

If we picture to ourselves the actual forces in action we shall get a 
kind of answer indicated to us. In a zinc-iron cell the E.M.F. is due to 
the zinc pulling at oxygen harder than the iron does ; but, since the iron 
does pull too, with no inconsiderable strength, the balance of force is 
not so great as if the iron were replaced by copper, which pulls less, or 

* Professor Exner cuts this knot in characteristic fashion by asserting roundly 
■that the E.M.F. of all such cells is the same, and that it matters nothing what metal 
is opposed to the zinc of a cell so long as it does not alter the chemical action going 
on. He further asserts that all batteries are non-polarisahle and quite constant as 
soon as they have got rid of dissolved air, and before sulphate of zinc has accumulated. 
He verifies these extraordinary statements, to three significant figures, by straight¬ 
forward experiment. See his paper' On Inconstant "Voltaic Batteries,’ cited above* 
1834 L L 
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Ijy* platiB-um, wliicli barely pulls at all uiitil it is coated and alloyed with 
hydrogen. 

This answer cannot be considered as complete, and in order to complcto 
it consider a more precise esiperiment. 

Arrange a series of common dilute acid voltameters witli^ their plates 
respectively, zinc-zinc, zinc-iron, zinc-copper, and zinc-platinum, 
one current through the series from zinc to the other metal, and measure 
the differences of potential between the plates in each coll. hTow" tlio same 
chemical action is going on in each. In each, zinc is dissolvcnl at one side 
and hydrogen evolved at the other—the only difference being that it is 
liberated from surfaces of zinc, iron, copper, platinum, in the four cases. 
What is to prevent the E.M.¥. between the terminals of each volta¬ 
meter from being the same ? But it is not the same (pace Prof. Exncr) r 
the zinc-zinc cell shows the greatest difference of potential between its 
terminals, the zinc-iron less; and the zinc-platinum may easily show 
a reverse difference because it helps the current on instead of hinder^ 
ingit. It will he understood that the precise behaviour of the cells is 
determined by the intensity of the enrrent (i.e, current per area)—if it is 
■weak, even the zinc-iron cell may help it on, but the zinc-platinum will 
help it on most; if it is very strong, even the zinc-platinnm will retard it, 
hut the others will retard it more, and the zinc-zinc most. 

How why is all this ? Take the difference between the heats of 
formation of Zn, SO4 and of H 2 , SO4, at the comma, and you will have 
the total energy assimilated by the current in each cell. This energy is 
the same in all the cells, but not in all does it take the same form. In 
the zinc-platinum cell it mainly results in driving the current for^vard. 
In the zinc-zinc cell it wholly results in a Peltier (or Bonty) generation 
of heat. In going out of the cell by a cathode zinc plate, it has to move 
hydrogen towards it, and {ipso facto) oxygen away from it, in opposition 
to the strong chemical attraction; thus it will do work and liberate 
energy, which, since there is nothing better to do, must exhibit itself as 
heat. At an iron surface less heat is generated, and at a copper loss still; 
but, at any cathode which attracts oxygen, some heat must be generated 
by a current made to do work in opposition to this attraction. 

In the zinc-zinc cells there is no propulsion of electx’icity at all by tho 
cell: on one side, where the current enters, zinc is dissolved and tho 
current helped forward with the full energy (or nearly the full energy) of 
the combination, so that no (or nearly no) waste energy or heat is there 
produced; but on the other side, where the cuirent leaves, tho same 
eomhination is (not exactly nndone hut) opposed and the current hindered 
with (probably something less than) the full energy of the combination, 
and there the heat of combination is generated. 

Thus, regarding the passage of hydrogen to the cathode as a virtual 
separation of 0 (or SO 4 ) from it, we may say in general that in any one 
of the above cells, used as a voltameter, the energy available for helpmg 
the current on is that represented by the difference between the combina- 
Mon energies of the substances respectively attacked and liberated; 

Zut SO 4 — SO4; but that besides this the combination M, SO4, is 
undone, and since its energy appears as a generation of heat at 
the cathode, it is so much to be subtracted from the propelling force- 
available for the current, only the balance being left for this purpose^ 

Zh, SO 4 -H 2 , S 04 ~M, SO 4 . 
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Whether one ought to write SO 4 or 0 in these expressions I am not sure, 
but it is not essential to decide this at present. 

Another way of regarding the matter is to say that the force propelling 
the current is that due to the difference of energies Zn,0--M,0, hut 
that as soon as a current actually passes and hydrogen is liberated it coats 
the cathode more or less thiclcly, and an extra term must be subtracted 
from the above to represent the opposition force of this hydrogen. The 
efficacy of this hydrogen as a current opposer must depend in some way 
on the intensity of the current itself, since with afeehle current it will be 
able to dissipate itself faster than it forms, and with a strong current it 
will thoroughly coat the plate and the balance will escape. Suppose then 
we represent the force exerted by the hydrogen as H 2 , 0 /(G) ; where 
f ( 0 ) = 0 , and / (00 )=1 or something like 1 ; then the force available for 
urging the current forward in any of the above cells is, in volts, 

{Zb,0-M,0-H2,0/(C)}. 

There is an obvious objection to be taken to this last hypothesis, 
viz., that it supposes the second metal M completely operative, even 
though it be thoroughly coated with hydrogen. This is hardly reason¬ 
able, and a compromise between the two preceding hypotheses is afforded 
by one of greater generality in which the available force is symbolically 
represented by 

where ^ is a function such perhaps that ^(C) ^ 1 + / (C). On this 

hypothesis the propelling E.M.F. is 

e = wku {Zn,0-M,0 - (H„0 + 9 ^. M,0)/ (0)}. 

This is too much like miscellaneous guessing, and we will make no 
more of such hypotheses; but if experiment could fix an empirical formula 
for this force in any case, we could apparently at once obtain the Joule or 
Bouty effect,^ or rather the difference of two such effects, for that case, 
because we should have the E.M.F. experimentally observed on the one 
hand, and that calcuiated/rom pure energy considerations on the other j as 


where the two B’s stand for the Bouty coefficients at the zinc and the 
other metal respectively. The only objection is that in the cells now 
under discussion M is coated more or less with hydrogen, and hence the 
Bouty effect obtained is nothing very easily definable. 

21 . To see if the actual behaviour of such cells at all bears out a hypo¬ 
thesis formed on the above plan, I have made some rough experiments on 
the lines suggested; that is, I passed the same curi-ent through different 
simple cells. There are so many sources of uncertainiy and of variation, 
that it would he very difficult to get really definite and reliable results. 
Thus, for instance, the back E.M.F. wHi depend considerably upon ho w long 
the current has been flo\ving, and so the readings will differ according to 
the time they are taken. The metals I used were zinc-zinc, zinc-copper, 
and zinc-platinum ; and it was found necessary to put the cathode plate 
in a porous cell to avoid deposition of zinc on it. But it was now diffi¬ 
cult to compare the ceils easily when arranged in series, because different 
^porous pots had different resistances. I therefore ultimately decided to 
use the same porous pot and the same anode zinc plate, and to substitute 

^ That is, the thermo-electric contact force at a me'al-llpud junction. See 
section 0. n u 2 , 
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the other plates one after the other, making the current as nearly the 
same each time as convenient (by adjusting resistance) and allowing for 
outstanding discrepancies. An amperemeter placed in circuit measured the 
current, and the voltameter used was a reflecting galvanometer with some 
80,000 ohms in its circuit. Its indications were interpreted absolutely by 
tapping off, at the same time as the cells, the difference of potential between 
the terminals of an ohm (or ^ or ^ ohm) coil placed in the circuit. 

Any two values of the strength of current enabled the internal 
resistance of the cell to he calculated, provided its E.M.F. remained con¬ 
stant. With low currents it did seem to be fairly constant, and a mean 
value of the internal resistance r is reckoned from these as >,* ohm. 

The area of each plate under the liquid was exactly the same, and 
measured 3 inches by 2| inches. Both faces of each plate were exposed, 
though naturally one face was more active than the other. 

The arithmetical reductions are rather long; the results ai’e all that I 
give. It will be perceived they are anomalous in places, a great deal of 
this being dependent on whether the reading of E.M.r. was taken soon 
after a current-change or not. As I said before, the plan of experiment is 
avowedly rough, though the actual readings were carefully taken; hut 
without understanding more about the circumstances of the case, and 
what possibilities of variation there are, I do not see how to plan a 
perfect system of experiment on the subject. 

I will first give relative numbers, simply comparing tbe differences of 
potential between the terminals of the three cells when the same current 
is going through each, the resistance of each being the same, viz. 
-J- ohm; and then I will interpret the observations absolutely, calculating 
the E.M.F. of the cell under different currents, and seeing what empirical 
formula will best fit it. 


llelative differences of potential between tlie terminals of three voltameters of 
the same resistance, tlirongli each of which the same cnrreni is dmven by 
an auxiliary battery. Anode of each cell, zinc ; cathode, zinc-co^]per and 
flatinum res^peciively. ^ 


Current jSowin^ 
through each cell in 
Amperes 

Deflection of Electrometer attached to the Terminals of 

The Zinc-zinc cell 

The Zinc-copper cell 

The Zinc-platinum 
cell 

*65 

-125 

-f70to +90 

+ 87 

•94 

-148 

+ 26 

+ 40 

1‘88 

-486 

- 15 

+ 50 

1*6 

-440 

+ 15 

+ 110 

2*4 

-635 

- 65 

+ 16 

2-0 

-486 

- 8 

+ 80 

2*4 

-626 

-140 

-100 

1*90 

-675 

- 77 

- 30 

3*2 

-700 

-226 

-201 

2*73 

-630 

• -250 

-116 • , 

4*2 

-800 

-347 

-335 

3*4 

II, —.--I - 

-741 

-260 

’ -210 


it m 


VM. ueuweea Tiue terminals is 

it opposes the current, and positive when it helps 

At. iuWrpret similar measurements absoMtely, reckoning 

the a^al E.M.F, of each cell, and trj* to fit an empirical formula to it on 
the plan of those (in sect; 20) already guessed; assuming /(O) a linear 
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function, for simplicity, until forced to try sometliing more complex. It 
is quite impossible that /(C) can be a linear function really, but it very 
likely begins by being so, and only for big currents diverges notably. A 
hyperbolic tangent function, at a guess, would seem most likely to repre¬ 
sent the case properly. 


JEJlecfromotive force of a zino-zinc, dilute sulphuric acid, cell; of resistance ^ 
ohm, through 'which the specified currents are driven hj tivo or three Groves. 
JEJach plate exposing 53 square centimetres on each face. 


Current in Amperes 

C 

Difference of 
Potential between 
Terminals in Volts 

Observed E.M.F. of 
Cell (obtained by 
addins rC to the 
pieeeding column) 

E.M.F. calculated 
from the Formula 
e=:-iC 

•652 

- -37 

- -26 

- -276 

•424: 

- -34 

- -25 

- -212 

•936 

- *44 

- -25 

- *468 

•744 

- -40 

— *25 

- -372 

1-88 

-1*46 

-1*08 

- -94 

1-5 

~-l-32 

-1*02 

- -75 

2’4 

~1-61 

-1*13 

-1-20 

1*97 

-1-46 

-1*07 

- *99 

2-4 

-1-88 

-1*40 

-1*20 

194 

-1*80 

-1*41 

- -97 

3*22 

-2*10 

-1*46 

-1‘61 

2*68 

-1-88 

-1-34 

-1-34 

3-36 

-2-22 

-1*55 I 

-1*68 

4*24 

-2*40 

-1*55 

-2-12 


The agreement between the observed and calculated columns is not 
Tery bad, and the polarisation E.M.E. does not show decided signs of 
breaking away from the law of simple proportion until a current strength 
of 4 j amperes is reached ; say an intensity of ’04 amperes per sq. centi¬ 
metre of total surface. 

JEJlectromotive force of a zinc-copper, dilute sulphuric acid, cell; of resistance 
ohm, through which the specified currents are driven hi/ two or three 
Groves. Uach plate exposing 53 sqttare centimetres on each face. JEj.M,!^. 
rechoned positive when it helps the current forivard, negative when it 
opposes it. 


Current in 
Ampbres 

C 

Difference of 
Potential 
between 
Terminals in 
Volts 

Observed E.M.P. 
of Cell (obtained 
by adding r C to 
preceding 
column) 

E.M.F, calculated 
from the 
Formula 

E.M.F, calculated 
from the 
empirical 
Formula 
c=-68-|C 

'55 

+ -24 

+ •35 

+ •66 

+ •47 

•04 

+ -078 

+ •27 

+ •64 

+ •39 

•76 

+ *108 

+ *26 

+ ‘61 

+ •43 

1*88 

- *045 

+ •33 

+ •33 

+ *20 

1*52 

+ *045 

+ •35 

+ *42 

+ •27 

2-4 

- *196 

+ *28 

+ •20 

+ •10 

2*0 

- *024 

+ *38 

+ *30 

+ *18 

2*4 

- ‘42 

+ •06 

+ ■20 

+ •10 

1-98 

- -221 

; +*18 

+ •30 

+ *18 

3*22 

- *675 

-•031 

-•05 

-•06 

2'75 

- *76 

-•2 

-•1,1 

+ *03 

4*16 

-1-04 

-•21 

-•24 

-•25 

3*44 

- *75 

-•06 

-•06 

j -*11 
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Here two alternative formulee are given; it is a naatter of opiniw 
“wliicli shows the least divergencies from the column of observed values. 

The first is the one most natni’aUy suggested by the theoretical con* 
siderations of section 20, the ‘8 standing for Zn/0 —Cu/0, or what ii 
commonly called Zn/Cu. 

JSlsctroMOtive force of a ziisC-platii![XJM, dilute suVpliUvic actd, cell; of re- 
slstance ^ ohm^ through which the s^pecified cim'ents are driveu vy hvo oo 
three Groves. Each plate exposing 53 square centimetres of surface on 
either side. E.M.F. reclmied positive lohen it helps the current on. 


j 

Ciirreiit in ] 
Amperes 

C 

Difference of 
Potential 
between 
Terminals in 
Volts 

Observed E.AI.F. 
of Cell (obtained 
by adding r C to 
preceding 
column) 

E.M.F. calculated 
from the 
empirical 
Formula 
er=-4--l 0 

E.M.F. calculated 
from the 
Formula 

e=5:l*2-^C 

*552 

+ -26 

+ •37 

+ -35 

+ 1-02 

*44 

+ -30 

4-‘30 

+ •36 

+1-05 

•936 

4- T2 

4* ‘31 

+ •31 

+ -89 

•784 

-i- -17 

4-*33 

+ •32 

+ -Oi 

1-88 

4- *15 

i + ’52 i 

+ •21 

+ ‘57 

X-52 

4- -33 

1 4- -63 

+ •25 

+ *00 

2-4 

4- *45 

• 4-*03 

+ •16 

+ -40 

20 

4- -24 

! 4-*64 

+ •20 

+ -53 

2-4 

- -SO 

4--18 

+ •16 

+ *40 

1*96 

- -09 

+ •30 

+ •20 

+ -55 

3*22 

- -60 

+ •04 

+ •08 

+ -13 

2*72 

- -35 

+ •20 

+ •13 

+ ‘20 

4-16 

-l-O 

-•17 

-•16 

- -ID 

3-36 

- -03 

+ 04 

+ •06 

+ -08 


Here also are two alternative formulas given, of which the first agrees 
best with the experimental results. But it is very strange that the 
E.M.F. of this cell should be so low when the current is feeble; it is 
scarcely more than that of the copper cell. The only way I see of 
accounting for the error—if error it be—is, that the platinum was put 
into the liquid after the copper plate, and it was sometimes found coated 
with a very thin evanescent film of copper when taken out. Tlieoretical 
considerations would suggest something more like the second formula as 
the probable E.M.F.; the 1'2 being what is ordinarily called Zn/Pt. 

22. I can now continue the quotation of the remainder of tho pre¬ 
liminary notes with the certainty that they will be at any rate intel¬ 
ligible : I begin with statements intended to he true for substances of 
every kind, and then specialise them for the caso of metals. 

HI.- -Statemekts believed bt the weitek to be tbue thodoh 

ISTOT EHTIKELY OBTHODOX. 

xii. A substance immersed in any medium tending to act upon it 
chemically will (unless it is actually attacked) be at a different potential 
to the medium in contact with it, positive if the active element in the 
medium is electro-positive, negative if the active element is electro- 
native. , 

^ xph Tte above difference of potential can be calculated approximately 
from m fokntial energy of combination between the substance and the 
mediumj; the eaeigy being measured by compelling the combination to 
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occur, and observing the heat produced per amount of substance corre¬ 
sponding to one unit of electricity, 

xiv. In addition to this contact force, due to potential chemical action 
or chemical strain, there is another which is independent of chemical pro¬ 
perties, but which seems to he greatest for badly conducting solids, and 
•which is in every case superposed upon the former contact force, the two 
being observed together and called the Yolta effect. Very little is known 
about this latter force except in the case of metals; and in these it varies 
with temperature, and is small. In the case of non-metals it is often 
much larger than the chemical contact force.^ 

XV. The total contact force at any junction can be experimentally 
•determined by measuring the reversible enei-gy developed or absorbed 
there per unit quantity of electricity conveyed across the junction. 
[Practical difficulties, caused by irreversible disturbances, being sup¬ 
posed overcome.]^ 

xvi. In a chain of any substances whatever, the resultant E.M.F. 
between any two points is equal to the sum of the true contact forces 
acting across every section of the chain between the given points (neglect¬ 
ing magnetic or impressed forces). 

xvii. In a closed chain the sum of the ‘Yolta forces,^ measured 
electrostatically in any (the same) medium, is equal to the sum of the true 
-contact forces; whether each individual Yolta force be equal to each 
individual true force or not. See section (7). 

xviii. Wherever a current flows across a seat of E.M.P. there it must 
gain or lose energy at a rate numerically equal to the E.M.E, multi¬ 
plied by the strength of the current.^ 

Development of the above and special application to metals* 

xix. A metal is not at the potential of the air touching it, but is 
.lalways slightly below that potential by an amount I'oughlj^ proportional 
to its heat of combustion, and calculable, at any rate approximately, from 
it. Eor instance, clean zinc is probably about 1*8 volts below the air, 
•copper about *8 volt below, and so on. If an ordinary oxidising medium 
be substituted for ‘ air ’ in the above statement it makes but little 
•difference. 

XX. Two metals pnt into contact reduce each other instantly to 
practically the same potential, and consequently the most oxidisable one 
receives from the other a positive charge, the effect of which can be 
■observed electrostatically. 

xxi. There is a slight true contact force at the junction of two metals 

^ I here assume, what I suppose is recognised as true, that what is known as 
frictional generation of electricity is really due to a contact force between the sub¬ 
stances rubbed ; a force which is exceedingly great for insulators, see section (19)* 
Davy seems to have held this view, from a note on p. 50 of his Bakerian lecture iix 
1806, cited before. 

These difficulties are, however, tremendous for most substances except metals. 
H. Bouty’s is the only attempt I know of to examine junction energy between metals 
and solutions of their salts, wliich is the case next in simplicity to metals. Observe 
that the statement says emrfjy^ not heat only. 

“ A current gains energy’at any junction at which heat is absorbed, or chemical 
combination permitted, or any other form of energy^ destroyed, by the passage of 
the current. The current gains the energy which has in the other form disappeared. 

A currant loses energy at a point where it causes other forms of energy to make 
their appearance; generation of heat, decomposition of chemical compounds^ 
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TvrHcK prayents tbeir reduction to exactly the same potential, but the 
outstanding difference is small and varies with temperature. It can be 
measured thermoelectrically bj the Peltier effect, but in no other known 
way. It is probably entirely independent of surrounding media, metallic 
or otherwise.^ 

xx-ii. If two metals are in contact, the j^otential of the medium sur¬ 
rounding them is no longer uniform : if a dielectric it is in a state of 
strain, if an electrolyte it conveys a current. 

xxui. In the former case the major part of the total difference of 
potential is related closely to the difference of the potential energies of 
combination, and is approximately calculable therefrom. In the latter 
case the total B.M.P. is calculable accurately from the energy of the 
chemical processes going on, minus or plus the energies concerned in 
reversible heat effects.^ 


xxiiia. * The E.M.P. of an electro-chemical apparatus ^ whose energy is 
entirely expended in maintaining a current ‘is equal to the mechanical 
equivalent of the chemical action on one electro-chemical equivalent of 
the substance.’ (Thomson.) 

xxiii6. ‘ If the action in a cell consists in part of irreversible processes, 
such as: (1) frictional generation of heat; (2) diffusion of primary or 
secondary products; (3) any other action which is not reversed with the 
current; there will he a certain dissipation of energy, and the E.M.P, 
of the circuit will be less than the loss of intrinsic energy corre¬ 
sponding to the electrolysis of one electro-chemical equivalent. It is only 
the strictly reversible processes that must be taken into account in calcu¬ 
lating the E.M.E. of a circuit.’ (Maxwell: ‘ Elementary Electricity,’ p. 148.) 

xxiv. There are two distinct and independent kinds of series in which 
metals (and possibly all solids) can be placed; one kind depends on 
the dielec^m or electrolytic medium in which the bodies are immersed 
the other kind depends on temperature. The one is the real Volta series 
hut it ^ the commonly observed Volta series minus the Peltier, the other 
3S the Peltier or thermoelectric series. To reckon up the total B.M.P. of 
a circuit we may take differences of numbers from each series and add 
them together, 

23. It M necess^y to illustrate the meaning of this last statement, 
series ’ I mean such series as we have attempted 
tocalotdaie from pwly chemical data., because they depend on chemical 
or thermoelectric series ’ I mean those giving a 
^ly physical E.M.P produced we know not quite how, whose energy- 
Bou^ IS not chemi^l hut thermal. We have on the one hand a numSi- 
ot Volta senes, each for a special medium, and on the other a table of 
themoelectno powers at different temperatures. The latter can be oon- 
S^umd-T^V of curves, because temperature varies 

represented 

geometneally, because the transition from one medium to another is 

yoWa force henceforward it will be 
and Zn/Air/Cu or I'e/Water/Pt for the 
“ Air/Zn/Cu/Air, but this involvL both • 
^olta effect pure and simple is i2n/Air/Cu 
in^aee, as we have been discussing un4r the head of inconstant or 

SI"-.' 
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probably 'per solium ; at least, it is not known what is tbe effect of mixing 
media, and so passing gradually from one to tbe next. 

We have given several Yolta series; and, for tbe sake of completeness,, 
I will now give some Peltier series for a few substances according to tbe. 
experiments of Professor Tait at different Centigrade temperatures. 
Expressing each number as a function of tbe temperature, we are able 
to give an infinite number of Peltier series in one table. The range of 
temperature over wbicb this table may be interpreted is from —18° te 
400° or so, provided tbe metals do not begin to melt. Non-metallic sub¬ 
stances have not yet been introduced into sucb series : much experimental 
work remains to be done before they can be. Tbe metals used byr 
Tait were not cbemically pure. 


True Contact U.M.F. or Peltier Series. (Microvolts.} 


Metals 

At any Temperature f C. 

At 10® C. 

At 100° C. 

Iron . 


-4760- 3‘94t-h‘04Srt^ 

-4795 

-4C67 

Hard Platinum . 


- 718- •543f+*0075jJ2 

- 722 

- 697 

Soft Platinum . 


+ 168+ 3-633f+*01l2J' 

+ 205 

+ 641 

Magnesium 


- 6i8+ •.•56i+-00£)6i:- 

- 613 

- 487 

German Silver . 


+ 3.^10+ 26d7^+-0512?'2 

+ 3o i 7 

+ 6439 

Cadmium . 


- 731-14*46^--0429j52 

- 880 

-2606 

7AnG . 


- 643- 8‘95t-‘024f-^ 

- 735 

-1778 

Silver^ 


- 690- 6-263f-*0i5f^ 

— 654 

-1366 

Lead. 


0 

0 

0 

Copper 

Tin . 


374- S-96t-‘0095t'^ 

— 415 

- 865 


+ 118- l*08jf-*0055^2 

+ 107 

- 45 

Aluminium 


+ 211- -31^--0039252 

+ 207 

+ 141 

Palladium. 


+ 1718+ 16-1525+ -036252 

+1883 

+ 3693 

Hypothetical ^ 
(Gaugain) 

Mercury^ 

+ 1800+ 4*625 --007252 

+ 1845 

+ 2190 


To find tbe E.M.P. of a junction at specified temperature we bave only 
to subtract tbe numbers in tbe above table, inserting tbe value of tba 
temperature. Thus a junction of zinc and copper at 10° has an E.M.E. 
of 320 microvolts, acting from copper to zinc; and a unit current sent 
across sucb a junction from copper to zinc, or from zinc to copper, absorbs* 
or generates beat at the rate of 320 microvolts, and tbe current gains or 
loses energy at the same rate. Clerk Maxwell says that tbe force is one. 
microvolt, and that it acts from zinc to copper Q Elementary Electricity/' 
p. 149, note ); but be only means, I suppose, that tbe E.M.P. of a ziue 
copper circuit with one junction a degree hotter than tbe other is a 
microvolt, and is such as to drive tbe current from zinc to copper across- 
tbe cooler junction; at least this is true above — 60° or — 80°.^ 

* This row of numbers is little better than a guess from some curves given iu; 
Wiedemann’s Melitrimtat. A more probable deduction from some quite new experi¬ 
ments of C. L. Weber (Wied. Ann, November 1881) gives, for Mercury, 1181 
+ *005f-* (of. note to section 27). 

It is always easy to tell from tbernno-electric data which way the force acts at; 
a junction; but it is not always the same way as the current flows, by any means, 
A current, excited by differences of temperature in a simple metallic circuit, may be 
urged against the force at loth junctions. This is the case, for instance, in a copper- 
iron circuit with one junction above 275® and the other below it by a greater amount. 
It is customary to say that the current flows across a hot junction from the metal oif 
higher to the metal of lower thermo-electric value : this is not necessarily true, The^ 
safe statement is to say that the electromotive force acts from high to low themo-- 
electric value, at either junction. 
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Hitherto we liave supposed the circuit to be all at one temperature; 
but if different parts are at different temperatures, we shall have to use 
yet further series, viz., a Thomson series, for the E.M.F. acting in any 
-one substance with a difference of temperature between its ends, or the 
force acting at a junction of two pieces of the same metal at different 
temperatures. This series can be deduced from the preceding, using only 
the coefficient of and multiplying it by the difference of the squares of 
the absolute temperature of the two ends of the piece of metal. Such a 
.series then stands thus:— 


Thomson Series, or U.ILF, in a metal whose ends difer in temperature, 

{Microvolts.^ 

Iron . . . -0487 + 

German silver . *0512 (fj — fo) {274 + 2 "(^i + h) j 

Zinc • • * •— *024 {274”J-'2"(i!^j 


.and so on. 

Whether a series of this sort can be made to include any iion-motallic 
‘Conductors also has not yet been discovered. M. Bouty's experiments 
provisionally indicate the very interesting fact that - Sir W. Thomson's 
general thermodynamic laws of the thermoelectric circuit apply perfectly 
to circuits which include some electrolytes as well as metals. 

How the meaning of statement Ho. xxiv. is as follows : regard zinc and 
•copper in contact as a circuit completed by air or by water, as the case 
may be, and let the temperature be uniform, and say 10°; to reckon up 
the total E.M.F. we must look in the proper Volta series ‘for Zn/air (or 
Zn/water), which we find 1*8 say; for Zn/Cu, which we don’t find, or 
find zero; for Cu/air, which we find *8. Then we must look in the 10° 
Peltier series for Zn/air or Zn/water, which at present we shall not find 
there for want of data (possibly we have no right to put them there if 
we had data) ; for Zn/Cu, which we find about 320 microvolts ; and for 
Cu/air, which again we don’t find. Add them all up with thoir proper 
signs, and we have the total E.M.F. of the circuit. 


Again, consider the case of a Daniell cell at a given temperature pro¬ 
ducing a current; we shall have to look in each series for ZaiIZtiSOa, 
for ZnS 04 /CuS 04 , for CvlSO^IGu, and for Ou/Zn, and add them all up! 
It is true that these tables of numbers have practically yet to be made, 
for at present they include so few substances: that does not affect the 
question of the existence and independence of these two kinds of series. 
It is, of course, a question how far all E.M.F. of contact may bo found to 
•depend on chemical tendency. For instance, when bismuth and antimony 
.aro put into contact, does the E.M.F. developed measure the alJoving 
affinity of these two metals ? When sodium is dropped into mercury, 
does the heat produced represent the thermoelectric power of a sodium*! 
^ercury junction? When metal touches glass, does the tromondous 
developed represent a tendency of the metal to combine with the 
glass ? These are questions for experiment to decide; but to me it does 
mot seem probable that it will reply in the affirmative. 

We know that Sir W, Thomson, and Davy before him, considered the 
appairent c^tact force at the junction of zinc and capper to be due to the 

metals, and to he measured by the heat 
o; of brass; but this we have seen strong reasons for disbelievingr. 

1% ^nds iuore probable that the real contact force at a junction of bismuth 
and motmonj should be due to the chemical affinity between these metals • 



ELECTROMOTIVE EORCES IH THE VOLTAIC CELL. 52 S 

but perhaps it is no more true. The greater part of a contact force of this 
kind is probably due to a physical difference between the metals, such as 
difference in atomic velocity, and has no close relation to their chemical 
affinities for each other. It is, however, just possible that part of a 
metallic junction-force is due to chemical tendency between the two metals 
in contact. For instance, take the case of zinc and copper. There is, 
I suppose, an undoubted affinity between them, as shown by the formation 
of brass under proper conditions, [If chemists assume the right to demur 
to this on the ground that the two metals mix equally well in any pro¬ 
portions, one can choose any other pair of metals—say, perhaps, copper 
and tin—^for which the statement does not hold.] Now does this affinity 
result in any E.M.F. between them on making contact ? This question, 
I apprehend, is to be answered by passing a current for a long time across 
a copper-zinc junction and seeing if any brass does, after a long time, 
result. Thermopiles show a curious secular deterioration with use, and 
it may he that some alloying action goes on, though I have never heard 
of its being noticed. But if no such alloying goes on during the passage 
of a current, then I should say that, in whatever ways chemical affinity 
between two metals is able to show itself, it does not show itself as an 
E.M.F. 

Observe, I do not for a moment question the existence of a few 
hundred microvolts of E.M.F. at a zinc-copper junction. I only ask, is 
this chemical, or is it physical, or is it a mixtnre of the two ? Statement 
No. xxiv. is general enough to take into account the possibility of its being 
a mixture of the two at every kind of junction. It is easy to write one of 
them zero, if so it turns out, 

24. We have been led into a pretty wide discussion of contact force in 
general; and, before digressing again on the question of a contact-force- 
determination of the size of atoms, it may be convenient here to quote the 
remainder of my preliminary notes, which aim at summarising, in a com¬ 
pact form, the main argument with respect to the immediate subject of 
discussion, viz., the seat of electromotive force in a voltaic cell, and in 
ordinary Volta condenser experiments. 

IV.— Brief summary of i'he argument. 

XXV. Wherever a current gains or loses there must be a seat of 

E.M.F.; and conversely, wherever there is a seat of E.M.F. a current must 
lose or gain energy in passing it.^ 

xxvi. A current gains no appreciable energy in crossing from copper to 
zinc, hence there is no appreciable E.M.F. there. 

xxvii. When a current flows from zinc to acid the energy of the com¬ 
bination which occurs is by no means accounted for by the heat there 
generated, and the balance is gained by the current; hence at a zinc acid 
junction there must be a considerable E.M.F. (say at a maximum 2’B volts). 

xxviii. A piece of zinc immersed in acid is therefore at a lower potential 
than the acid, though how much lower it is impossible precisely to say, 
because no actual chemical action occurs. [If chemical action does occui' 
it is due to impurities, or at any rate to local currents, and is of the nature 
of a disturbance.] 

* Mte added January 1885.—My attention has just been called to an article by 
Hr. 0. Heaviside, in the Electricmn of February 2, 1884, in which he states views 
Very Uhe those contained in these statements. Had I known of this paper earlier f 
should of course have mentioned it, but I did not know of it. 
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sxix. A piece of zinc, half in air and half in water, causes no ’'great 
difference of potential between the air and the water (Thomson, Clifton^ 
Ayrton and Perry, &c.), consequently air must behave much like water, 
XXX. If it makes the air slightly positive to the water, as it does 
(Hankel), it may mean that the potential energy of combination of air 
with zinc is slightly greater than that of water, or it may represent a 
difference in the thermoelectric contact forces between zinc a*nd air and 
zinc and water, or it may depend on a contact force between air and water. 
[If such a contact force between air and water exists, it is obviously of 
great importance in the theory of atmospheric electricity, for the slow 
sinking of mist globules through the air would render them electrical.] ^ 
xxxi. Condenser methods of investigating contact force no more avoid 
the necessity for unknown contacts than do straightforward electrometer 
or galvanometer methods; the circuit is completed by air in the one case 
and by metal in the other, and the E.M.P. of an air contact is more hope¬ 
lessly unknown than that of a metal contact. 

xxxii. All electrostatic determinations of contact force are really deter¬ 
minations of the snm of at least three such forces, none of which are* 
knowable separately by this means. 

xsxiii. The only direct w^ay of investigating contact force is by the- 
Peltier effect or its analogues, [Maxwell,] 

xxxiv. Zinc and copper in contact are oppositely charged, but are not at 
very different potentials; they were at different potentials before contact^, 
but the contact has nearly equalised them. 

XXXV. The potential of the medium surrounding them is, however, not 
uniform. If a dielectric, it is in a state of strain 5 if an electrolyte, it ia 
conveying a current. 


Size of Atoms, 

25. I may now claim to have accomplished my task, and terminate tbi» 
long paper; but there are several interesting points which arise in con¬ 
nection with Sir Wm. Thomson’s deduction of a limit to the smallness of 
at<ms from contact data, and these. I may he permitted to indicate. 
Indeed, it evidently becomes a question whether or not his argument 
remmns quite valid if the chemical-strain view be taken of Volta’s force. 

Let us then inquire whether any modification has to be made in Sir 
VVm. Tho^on’s argument, if the hypothesis set forth in this paper be 
adopted. He says (virtually) take a number of plates of zinc and copper 
thickness, arrange them alternately like the loaves of a book 
wuth the covers doubled right hack, and then shut the book. Dircctlv 
*ey became oppositely electriBed and attracted 
each other, and therefore did work as they approached. By makiuir the 
leaves numerous and tHn enough, and shutting them up close enough, 

w quantities of 

tlim pktes retain tte same properties as masses of 
metal possess; t.e., provided ttey are not only a few atoms thick. So far 
possibk objection; ^t Sir WiUiam proceeds to consider the 
depending OT the affinity of zinc for copper, and the work he 

formation of brass. But if we 
^raaion as depending on the difference of combustion 
en« 8 «w, ^n/O-On/O, we must, to keep the charge constant, not only 
^ iVatifrf?, January 22, 18 $ 0 . 
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take the plates several atoms thick, but we must suppose films of air of 
sufficient thickness to preserve their normal activities in the way of chemical 
strain to be shut up with the plates. G-iven these, the amount of work 
which he has calculated would certainly be done in shutting the hook, 
and a corresponding amount of heat generated. But would this heat have 
anything to do with the making of brass ? So far as I can see, nothing 
whatever. 

If we intend to make brass, must we not regard the air surrounding 
the plates as a simple accident, and imagine all air-films removed before 
beginning the operation ? Work with the zinc and copper plates in 
absolute vacuum, where (on my hypothesis at any rate) the only 
difference of potential between them is a minute thermoelectric one; 
there will be an attraction caused by this difference of potential, and 
work will be done in shutting the book; but to get any appreciable 
■amount of heat the plates must be terribly thin. How much heat is 
really produced in the formation of brass I do not believe anyone knows ; 
but if it be enough to warm the metals sixty degrees, the lower limit to 
the size of atoms becomes greatly depressed. 

In a note at the end of this paper I show that a rise of from to 
2 degrees is all that is probable, on the usual estimate of atomic 
dimensions ; the smaller evolution of heat being caused by alloying the 
metals at ‘J0° 0, the larger being produced by alloying them at 400® C. 

26. Js there much heat produced in the formation of brass ? Is there 
any way of attacking the question simply ? The only way which has 
occurred ^ to me is to dissolve brass in acid, and to see whether one gets 
appreciably less heat than by dissolving its constituent copper and zinc 
separately. When an alloy is dissolved, I suppose the affinities of its con¬ 
stituents are unloosed, or the combination undone; hence the heat developed 
during the solution of an alloy, subtracted from that produced during the 
solution of its constituent metals and mixing of those solutions, ought to 
measure the heat of formation of the alloy. Dr. Forster Morley, of 
University College, London (also on the boat), said he might be willing to 
undertake this observation, which is doubtless a delicate one, for he -was 
engaged in some thermo-chemical researches. It may not be practicable 
for the actual case of brass, because of the complication and uncertainty 
introduced by secondary products, but a better pair of metals toiay no 
doubt be readily found. 

Adhering to zinc and copper as convenient for explanation, the argu¬ 
ment, though obviously not the order of experiment, will stand as follows : 
Take definite weights of zinc and copper, dissolve them separately, getting 
beats Hj and Hg respectively, then mix the solutions, getting a possible 
further heat production 7i. This is one plan of passing from separate zinc 
and copper to a solution of a salt of brass. 

Next take the same weights of zinc and copper as before and alloy 
them, getting heat H, then dissolve the brass in the same acid as before, 
getting heat H 3 . This is another plan of passing from separate zinc and 
copper to a solution of a salt of brass. 

Kow, unless external work and secondary products are different in the 
two cases, we are justified in writing the heats evolved in the two cases 
equal:— 

Hi +H2+7i=H + H3. 

' It occurred in conversation with Professor S, P. Thompson and Dr. Fleming on 
board the Quebec excursion steamer Cmadn^ and I am unable to say who suggestedit. 
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H is the unknown qnantifcy to be determined, and its determination 
involves four separate measurements, Hj, Ho, H3, h. 

The only one of these at all easy to observe is /i, and this my assistant, 
Butler, has done. Proportions of zinc and copper sulphate, con¬ 
taining equal weights of zinc and copper, are dissolved in as little water 
as will keep in solution any double salt that may be formed on mixing. 
The zinc sulphate is enclosed in a thin bulb or tube inside tlie other solu¬ 
tion, and left, screened from stray beat, for some hours. The bulb is then 
broken, or the liquid otherwise blown out of it, and the liquids mixed. 
Ho certain rise of temperature so great as a hundredth of a degree has 
been observed. 

27. In thinking over what metals were more suitable, it struck me 
that the heat of formation of amalgams was a subject easy of direct attack. 
I therefore, as a preliminary, have dissolved a little granulated tin in 
mercury. Of course the latent heat of liquefaction of tin has to be 
allowed for, and the actually observed result is a cooling; but I lioped that 
the cooling observed would be less than what the latent heat would account 
for, and that I might then calculate the real evolution of heat duo to com¬ 
bination. Unfortunately the only data I know of with reference to the 
latent heat of tin relate to its ordinary melting point, at which point it is 
given by Rudberg as 13'3 and by Person as 14-25. We have no ground 
whatever for believing latent heat to he constant, and I am therefore utterly 
in the dark as to what the latent heat of tin at ordinary temjDerature may 
be. That liquid tin could be super-cooled to ordinary temperatures witli- 
out solidification is unlikely. I give, however, the data of my experiment 
(which was carefully performed) in case better latent heat data are known 
to someone else:—2*10 grammes of thin granulated tin at 12‘^*4 wore 
dropped into^ 602*00 grammes of mercury at a steady temperature of 
10° *85, contained in a large thin protected test-tube, of which the part 
sharing the^ temperature of the mercury weighed 8 grammes. After 
solution, which took ten minutes, the resulting temperature was found to 
be 8°*82. Three minutes later it had risen to 8*99 from surroundino' 
influences. The thermal capacity of the immersed part of the the^^ 
mometer was equivalent to *48 gramme of water. 

Working on these data, and taking the specific heat of tin as *050, 
latent heat 14*25, specific heat of glass *19, and of mercury *033, wo find 

Heat disposed of in cooling and liquefying tin * . 30*45 units < 
Disappearance of heat actually observed , . ^ .43*57 


mom than can be accounted for, without any combination boat at all ! 

depressing, but it only shows how wrong is the estimaio of 
14*25 for the latent heat of liquid tin at 10° Oontigrade. 

^ . ignomnee of the true latent heat thus eflectualiy prevents our obtain- 
mg. any information whatever, about the heat of combination of tin and 
mer^ry, from the experiment. It seems indeed easier to observe the 
i^biMtion-heat by a process of dissolving the amalgam and the metals 
m acid, as already explained for brass; and then to use the 

One might perhaps 
heats of fusion at various temperatures for metals 

soluble m meretuy. 

however presents itself. Instead of trying to 
lednoe the laWfc teat to ordinaiy temperatures, one xniglit form tlio 
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amalgam at a temperature j ust below tbe melting point of tin, and obtain 
(if possible) tbe nett evolution of heat then. 

Suppose tbe beat of combination of tbe 2*1 grammes of tin witli 
mercury to be somehow or other determined, we have next to suppose the 
amalgam made otherwise, bringing the molecules together in a reasoned 
way. Let the same quantity of tin be brought to within molecular 
distance of the meremy in successive pieces of very thin foil, first made 
to touch at one corner and then laid down. 

It is quite true that each flake would be charged with a Yolta E.M.F. 
of, say, *6 volt, and so would attract tbe mercury and do a certain amount 
of work in laying itself down. But it is not fair to compare an operation 
thus conducted in air with the dropping of a solid mass of tin into 
mercury; to be able to compare the two operations one must perform tbe 
foil experiment in absolute vacuum. This being done, the contact E.M.h. 
is no longer *6 volt, but only about *00015 volt according to the experi¬ 
ments of Matthiessen. Good data for this quantity are however wanting; 
mercury is not one of tbe metals included in Professor Tait^s series. It 
was observed by Gaugain; and by rather byj)otbetical deduction from his^ 
numbers, as given pictorially in Wiedemann’s ‘ Elektricitat,’ I make the 
tin-mercury Peltier force l*/5 millivolts at 10°.^ 

Taking one of these numbers (15,000 or 175,000 in C.G.S. units), ora 
better one when determined, we can calculate how near the given mass of 
tin must be brought to the mercury in order to generate the actual heat 
of combination, provided one knows the specific inductive capacity of 
absolute vacuum.^ But I do not know it. Thus the supply of data for 
this case is distinctly unsatisfactory. 

* Since this was in type, a paper by C. L. Weber has appeared in Wiedemann’s 
Amialen for November ISSi, on the thermoelectric properties of amalgams, in which 
mercury itself was examined; and from the data there recorded, together with 
Tait’s value for copper, I reckon the thermoelectric value of mercury at Conti- 
gi*ade as 

131 + -Sif absolute electro-magnetic units. 

Whence the Peltier force at the same temperature is 

1181 + 5*68^ + - 005^2 microvolts. 

The Peltier force between tin and mercury at 10® is therefore 123,800 absolute units, 
or 1*24 millivolts, which agrees well enough with the rough estimate above. 

- Taking this as 1 and assuming the estimate of molecular dimensions hereafter 
established and working backwards, one can show that the Peltier force of tin and 
mercury at 10® is connected ■with the heat of combination of our 2*1 grammes of tin 
with the 302 grammes of mercuiy by the relation, 

J n « 3-6 K 10« VH. 

The two rough estimate,? of J n deduced from Matthiessen and Gaugain respectively 
(15,000 and 173,000) thus give H as about 1* and of a unit respectively. Either of 
these is too small a quantity to be observed in the process of dissolving tin in mercury; 
so neglecting it we get, from that experiment, the latent heat of molten tin at 
10® C. as 20*4. Another experiment made in a similar way gave 19*6. 

If the above reasoning be regarded as legitimate, a combination of thermocleclrie 
measurements with observed heats of solution in mercury may furnish a means of 
estimating latent heats of fusion at various low temperatures in general. 

Working back similarly to the heat of combination of 1 gramme of copper with 
1 gramme of zinc, we calculate *077 unit as the,heat developed at ordinary tempera¬ 
tures ; only enough to raise the mass of brass formed through three^eighths of a degree 
Centigrade. At a higher temperature such as 400® C. the Peltier force for these 
metals is greater, being 4,600 microvolts, and tbe calculated heat of combination 
is then J of a unit per gramme of each; sufficient to raise the whole mass of metal 
through' nearly 2 degrees Centigrade. This, then, is the sort of elevation of tempem- 
ture one may expect in making brass at temperature of 400®. 
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28, Let us try -wlietlier we cannot do better witli a single metal 
‘exposed to air, not troubling about the contact of two metals, wbicb is 
unnecessary, but simply considering one metal in contact with air. 

Take a gramme-equivalent of any metal, say G5 grammes of zinc, and 
imagine it rolled out into a thin sheet of foil, of area A. The difference of 

potential between it and the air being V in electrostatic units, in volts, 

its charge will be , where m is the distance between it and the air, 
a quantity of molecular magnitude. The electrical energy of this charge 

A "\T2 

is-, which must therefore have been the electrical work done (i.e., the 

2-iJj 

amount of potential chemical energy transmuted into electrostatic energy) 
in spreading out the zinc over so much surface. [Capillary tension is 
part of the rtiechanical work done.] 

!N’ow let it be rolled so thin that every atom of it is in contact with air, 
d.e,^ let its thickness be also of molecular magnitude, rr. We can regard 
its potential energy in two ways: either as chemical or as electrical. 
Chemically, its energy, measured by heat of combination, is 

46,000 YJ, 

where Y is expressed in volts. Electrostatically its energy is 

A ^ 

2 TT X * \S00j 

Equating these two values, and writing for the quantity of metal 
we have the general relation 

mV = *828 Trp Jx 10^®; 

whence, taking m = 65, p = 7, and Y = 1*8, we get, as our estimate of 
linear molecular dimensions, 

aj = 4 X 10-®. 

The data in this calculation are all very definite, hence if the reasoning 
is legitimate this estimate ought to be a pretty good one. It is true 

that another metal would give a rather different estimate, unless 

were constant for alh For ordinary metals, e.y. zinc, iron, copper, 
mercury, silver, this is not so outrageously far from being the case; 
but discrepancies arise with such metals as sodium on tho one hand, 
and platinum on the other. But it is very doubtful whether platinum 
oould be regarded as an oxide, however thin it were beaten; and sodium 
would probably take fire long before the proper molecular thinness was 
reached. 

The several estimates of Sir William Thomson for the size of atoms 
were given m < Mature,’ March 1870, and are reproduced in «Thomson 
and Tait, Part II., Appendix F. In a lecture on the size of atoms 
delivered at the Eoyal Institution in February 1883, he re-states these 
estimates with slight modifications thus: — * 

■ atomic dimensions are comparoble with 10-8 centimetre, brass 
■wtirfa rro 62“ C. at tbe instant of formation; while if atoms are so 
small as 1^, it would rise 1000° 0; Hence lO-s is to be regarded 
asalinatof saudlness. ^ 

A Boapt^ ^ thin aa 10-8 oentimetee would raise itself 280'” hr 
collapsingtherefore there are not seven^l molecules in this thickness. 
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The theory o£ gaseous collision, combined with the density of liquids, 
suggests a range lying between 7 x and 2 x 10-®. 

The dispersion of light seems to require atomic dimensions to lie 
between and 10“^. 

The final estimate made by Sir Wm. Thomson is something between 
2 X10“'^ on the one side, and 10”^ on the other. But if the reasoning in 
the present paper be admitted as correct, it would seem possible to reduce 
this range of uncertainty and to make an even more precise estimate. 


On the Archoean Rochs of Great Britain. By Professor T. G. Bonney, 
D./S'c., LL.D.y F.R.S,^ Pres. G.S.^ Fello%o of St. John's College^ 
Cambridge. 

[A communication ordered by the General Committee to be printed i)i extenso 
among the Reports.] 

Two methods of dealing with this subject, on which I have been asked 
by the Organising Committee of Section 0 to prepare a paper, natoally 
suggest themselves. The one is to treat it historically, by giving in 
chronological order a jjreoi? of the papers or books in which reference has 
been made to the Archaean rocks of Britain; the other to describe, as 
accurately as is possible in a limited space, the petrology of the several 
districts, stating briefly at the same time the reasons which have led the 
writer, in common with many other geologists, to consider their rocks as 
more ancient than the Cambrian period. 

The former method has doubtless many advantages, and would be the 
fit one, had I been called upon to ‘ report ' on the Archaean question; 
but it does not commend itself to me, in this particular case, as the one 
most likely to be helpful to those who are more especially engaged in 
petrological studies. Speaking for myself, I always find it, in the case of 
a district not yet visited, more useful to be informed as exactly as 
may be what are the mineral and physical characters of its rocks, and 
what their stratigraphical relations, than what opinions have been enter¬ 
tained as to their antiquity. For this purpose it is not enough to have 
them named, unless the grounds of the writer’s nomenclature are given. 
There has hitherto been so much latitude assumed in the use of such terms 
as ‘ schist ' and ‘ slate,’ not to mention othei’S, that they become of little 
value unless what we may term the ‘ personal equation ’ of the writer 
be known. Accordingly, in this paper, I shall endeavour to give as exactly 
as is possible, without entering into minute details, the mineral characters 
of the Archaean rocks in each district noticed, and the relations in which 
they stand to those of ascertained geologic age. I may add that 
throughout I shall use the term ‘schist’ to denote a more or less 
foliated rock—^that is, one in which presumably great mineral changes have 
taken place since its materials were first deposited, so that, if they were 
originally clastic, few, if any, traces of the constituent grains can be recog¬ 
nised ; ‘ schistose,’ to denote that a rock looks like a schist, but in this 
case I imply no more than an external resemblance. By the term meta- 
morphic rocks I mean those which, like schists, have undergone great 
mineral changes—not rocks which, like many which are schistose, have 
been in reality but slightly altered, whose changes have been only micro, 
mineralogical. The word ‘ slate ’ is never applied to a foliated rook, 
1884. M H 
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only to cleaved roclis of distinctly detrital, more or less argillaceous 
materials. 

(A) England. 

(1.) Gornvjall: The Lizard Region.—A, considerable portion of the 
peninsula south of the Heiford river consists of metamorphic stratified 
rocks, which are well displayed in the fine cliffs forming its picturesque 
coast; inland, as a rule, exposures are few. The neighbourhood of the 
Li25ard Point is the only part where a complete and continuous section is 
obtained, as masses of intrusive rock ocenpy no small portion of the 
district, and frequently rise directly from the sea. The metamorphic 
stratified rocks may he divided into three groups, between which, how¬ 
ever, there does not appear to be any very sharp line of demarcation 
mineralogically, or any reason to suppose a discontinuity. Still, as each 
is distinguished by marked and dominant mineral characteristics, it is 
convenient to describe them separately. 

There is a good deal of rolling, much disturbance from the intrusion 
of igneous rock, and faults are numerous in this district; but probably 
there are no very vast dislocations, and there are no indications of sharp 
flexures on a large scale, or overthrows such as are frequent in districts 
which are or have been mountainous, so that it seems safe to follow the 
ordinary principles of lowland stratigraphy in ^Yorking out the geology. 
Enumerating the groups in ascending orders, wo have— 

{a) Micaceous Group: characterised by rather compact dull green 
schists, whose exact mineral composition cannot be readily decided 
in the field, and by brownish mica-schists. These, as a rule,' are com¬ 
posed of very minute constituents, moderately fissile, sometimes with a 
slightly ‘ flinty fracture,’ not seldom very beautifully corrugated on a 
small scale. The rocks, though the constituent minerals are in many 
cases very small (considerably less than *01" diameter), are complotely 
metamorphosed. The green schists, on microscopic examination, are seen 
to be composed of an aeicular light green variety of hornblende, of a green 
filmy mica, or perhaps in some cases a chlorite, of quartz, of a ^little 
magnetite, hmmatite, or pyiite, with epidote, a colourless garnet (rare), 
and a kaolin-like mineral perhaps replacing felspar. The green minerals 
and quartz are, however, the dominant constituents, so that the name 
"Talcomicaceous/ which was assigned to the series by De la Beche,^ was 
macroseopieally appropriate, although, strictly speah’ing, there does not 
appear to be any true talc. With it, but not largely developed, occurs a 
brownish, slightly silvery mica-schist, in one place more coarsely 
crystalline than the above, consisting chiefly of brown and green micas 
(probably biotite and its alteration poducts), and paragonite (?), with 
jiuartjzandafew small garnets. This group, as stated,well exposed 
in the southern cliffs of the Lizard from a short distance to the north of the 
Quadrant Headland to the neighbourhood of the Lighthouse. Its strike 
is roughly from WISTW. to ESE., with a dip on the northerly side, but 
there are many minor twists and rolls. The same group is exposed for 
,a very limited extent in the cliffs on the south side of Porthalla Oove.^ 

Smmblendic-Qro'up .—This ^oup is much more extensively do- 
cliffs forming the eastern and western 
Lizard peninsula, and a considerably greater vertical thiok- 

29 , 

of a granitoid rock; it may be 
looks as if it were interbedded. 


^of C&mwOfll o/nd p. 

f ydth this m a band, a few feet thick, 

an mtesiVeVM;«gmnitemodid^ by compression, but 
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ness of it mnst be exposed. It is a distinctlj bedded, strong, hard rock, 
only slightly fissile ; sometimes quite massive in fracture, and almost like a 
diorite, but in other places exhibiting very distinct alternating laminations 
differing in mineral character. The materials are distinctly crystallised, 
though they do not generally exhibit a definite crystalline outline. The 
dominant mineral is hornblende, macroscopically a dark green, almost 
black, microscopically a rich green, strongly dichroic. With it occur in 
variable quantities the following minerals : quartz, felspar (generally, so 
far as is recognisable, a plagioclastic variety), and epidote, with more or 
less magnetite, pyrite, &c.; occasionally the felspar occurs in rather irre¬ 
gular ‘ eyes,’ giving a subporpbyritic character to the rock, but as a rule its 
texture does not very greatly vary. Occasionally the absence of any 
distinct structure makes the rock almost indistinguishable from a diorite 
of moderately fine texture ; but often it is beautifully banded, layers of the 
quartzose, felspathic, or epidotic constituents alternating with those in 
which hornblende predominates. The bands may vary in thickness from 
half an inch or more to mere films. They are parallel with the apparent 
rather * slabby ’ bedding which is generally characteristic of the series. 
Farther, at a place called Hot Point, is a structure which, although the 
rock is perfectly crystalline, is so marvellous an imitation of false bedding 
that it is difficult to believe it due to any other cause than the deposition 
of the original constituents; these, and indeed much of the group, may 
possibly have ouce been basic tuffs. 

(c) Oramditio Grotq). —Into this the one last described passes 
almost insensibly. It is even more conspicuously bedded than the last, 
and it is distinguished from it by the prevalence of bands of a lighter 
ooloui’. The latter consist chiefly of quartz and felspar, with a little 
hornblende or, less commonly, black mica. Sometimes a specimen resem¬ 
bles macroscopically a piece of vein-granite, consisting of little else than 
quartz and felspar: sometimes it might almost be a fragment from the group 
above described; but, as a rule, the hornblende is much less abundant and 
less definitely crystalline. Thus, macroscopically and microscopically, the 
group is rather readily distinguishable, and, notwithstanding the rarity 
and inconspicuousness of garnets, I have ventured to call it the Granulitic 
group. It seems impossible to explain the frequent and repeated in¬ 
terchanges of laminm and bands of these two principal varieties of rock— 
distinguished so readily by the eye, as the one is a warm, light reddish 
grey, the other quite a dark grey—except on the hypothesis that they indi¬ 
cate original sedimentation, and I have described and figured a case from 
Kennack Gove which seems indicative of irregular lamination.^ Owing 
to the frequent interruption of igneous rocks, and the numerous faults (in 
which however the throw is probably not great), it is very difficult to assign 
a thickness to the metamorphio series of the Lizard, The base of the 
micaceous group is not seen, the hornblendio group must be of considerable 
thickness, but I should not allot more than three or four hundred feet to 
the granulitic group. 

Igneom Bodes. —In the above metamorphic sedimentary series we find 
the following rocks, which it may be well to enumerate, though it is no part 
of my present plan to describe them in detail. Some of these also are 
now entitled to the term ‘ metamorphic,’ as they have undergone great 
mineral changes. 

(a) Serpentine: a very handsome rock; sometimes almost black, 
^ J. €r, vol. xxxix. pi. 1. 
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more conxmonly richly mofcfcled red and green, frequently containing 
metallic feTonzite. There is strong evidence that this rock is a hydrated 
peridoiiite^ and there is as clear and distinct proof of its intrasiv^e character 
as there is of any dolerite or felsite that I have ever seen. 

(P) Tioktolite : that is, a rock consisting mainly of auorthite (or an 
allied felspar) and olivine, more or less changed into serpentine, with 
but little of a pyroxenic constituent; occurs only in one locality (Coverack 
Cove). 

(y) Olivine-gabhro: in one great mass, and in numerous dykes and 
veins on the east coast only. 

(^) Yein-granite : chiefly, if not entirely, on the west coast. 

{i) DLorites, hornblendic diabases, and basalts more or less altered; 
in small dykes and veins on the east coast. 

The clronological order of these rocks is that in which they are 
enumerated, except that the granite is nowhere seen to cub the gabbro, 
and it is impossible to fix the age of all the rather diverse members of 
(e), though many of them are seen to cnt both the serpentine and the 
gabbro. As it happens, only one igneous rock—a kind of diabase — is 
seen intrusive in the micaceous group (if the granitoid rock already 
mentioned be of sedimentary origin) ; though, of course, as we may 
presume ifc to underlie the later groups, it must be cut by the rocks which 
intrude into them. 

Uvidemes of Geological Age .—The metamorphic rocks of the Lizard 
peninsula are bounded on the north by a fault, which is exposed in 
section on the west in the cliflFs at Polurrian Cove, on the east at Porthalla 
Cove.^ In the former we see very characteristic bornblende-schist in 
apposition with a dark satiny slate, parted by about a yard of fault 
breccia; the fault—as is so common in these cases—is a reversed one. At 
Porthalla Cove the greenish schists of the micaceous group are faulted 
against some filmy-looking mudstones. Here, as the two rocks have more 
macroscopic resemblance and the rocks are much broken up by parallel 
faults, ifc is more easy to imagine a transition; but careful study with the 
microscope will show that two rocks of very different characters are faulted 
together. ^ Purther, at Nare Head, in the newer series, about a milo to 
the north, is a conglomerate, containing, though rarely, fragments of the 
true hornblende-schist and pebbles of a granitoid gneiss, "^nofe unlike a 
vein-granite. This series cannot be later than the Devonian period, and 
is very probably rather older. ^ 

(2.) So%ih Devon (Start Point and Bolt Bead ).—The aroa ooonpiod 
by metamorphic rock is in greatest extent about nine miles from oast to 
west and two miles from north to south. Here also we are chiefly 
dependent on the coast cliffs for our sections. In these are exposed two 
kinds of rock—a lead-coloured mica-schist and a greenish chleritic rock 
—varying from a moderately foliated to a rather massive rook, in the 
lower part of which some thin bands of a rather dark mica-schist occur. 

X he former rock consists of quartz, generally rather inconspicuous macro- 
scopically, and of three varieties of mica—a dark brown mica, a pale olive- 
green mica (or possibly chlorite), and a silvery white mica, probably 

of the macroscopic and microscopic characters of the mctamor- 
i of the Lizarfl district are ^veu in my papers, OmH. Jmim, 
884, and vol. p. i. Sir H. Be la Beolie’s GeoUgicml 

ma is still a great storehouse of most valuable 


' ^ir descriptions 
phi^ ted Igneous rocks 
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paragonite or margarodite—with specks of iron peroxide, and possibly a 
little graphite, with, a granule or two of epidote. In the bands associated 
with the chloritic rock are a few grains which may possibly be felspar, but 
have rather more resemblance to kyanite. The chloritic rock has for its 
most abundant mineral a chlorite, with epidote, quartz, and sometimes the 
mineral just described (kyanite?), and with occasional calcite and iron 
peroxide. As mentioned above, there are several minor varieties. I am 
not aware that there are any igneous rocks intrusive in this series. 

Evidences of Geologic Age .—The stratigraphy of this district is difficult. 
The beds have been thrown into a series of repeated gigantic and almost 
vertical folds, and there is very distinct evidence that this disturbance 
has been subsequent to their metamorphism. It is thus extremely difficult 
to say whether there is a thick bed of mica-schist both above and below 
the chloritic schist; or whether the lowest rock seen is the interbanded 
chloritic- and mica-sehist, and the upper mica-schist is repeated by the 
folding. I incline to the latter opinion. The mebamorphic series is 
hounded on the north by a fault, and succeeded by a slaty series, generally 
of a dark colour, which from the fineness of its argillaceous materials and 
the hypometamorphie effect of the pressure to which it has been subjected, 
often has a considerable macroscopic resemblance to the true mica-schist, 
hut can he readily distinguished under the microscope and, after careful 
examination, even in the field. This rock is considered to be of Devonian 
age.^ The date of the great folding is no doubt post-Carboniferous and 
pre-Triassic. 

In addition to the above-mentioned regions, true gneiss of a marked 
Archsean type has been described, by Mr. A. R. Hunt,*^ from the reefs 
about the Eddy stone Lighthonse, and specimens of coarse gneisses have been 
dredged up from various parts of the Channel off the South Devon coast, 
Gneisses, of a type which occurs in the lower part of the Archaean series, 
occur in the Channel Islands, and those of Guernsey have been described 
by the Rev. E. Hill and myself.^ 

(8.) Malvern Hills .—We are indebted to Mr. H. B. Holl^ for a care¬ 
ful description of the petrology of this district, and some analyses of the 
rocks were made by tlie Rev. J. H. Timins,® but at present no complete 
study of tbeir microscopic structure has been published. The ridge of 
Archman rook runs nearly north and south, and is a little more than seven 
miles in length. The greatest breadth from east to west is about half a 
mile, hut it is commonly less. The strata strike roughly from HW. to 
SE., and are inclined at high angles, being often nearly vertical; hut it 
is probable that those at the southern end are higher in the series than 
thovse at the northern. Some isolated bosses protrude through Silurian 
rocks still further to the north, the last exposure at a distance which 
makes the entire length of the area about sixteeu miles. At the northern 
end are granitoid gneisses, generally coarse, occasionally almost binary 
compounds of quartz and reddish felspar, but more commonly containing 
in addition dark green hornblende or blackish mica, and so passing intohorn- 
blen<Iic or micaceous schists. In the southern part the gneisses become finer- 
grained and more thinly bedded, the schists more frequent; mica, perhaps, 
being more common and conspicuous than in the north; chlorite and 

* For a detailed description of the district, see my paper, Q. J. G. ^.9 vol. xl. p. 

® See papers in Trans. J>emisMre Ama. 1880-4. 

® Q, J. G, S.y vol. xl. p. 404. •* Q. J, G. S., vol. xxi, p. 72. 

^ Q* J. 6*. S .9 vol. xxiii. p. :>52. 
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epidoteare also present, tbe former being sometimes abandant, Ortboclase 
and plagioclase have been recognised among the felspars, and sometimes 
the latter predominates ; the quantity of quartz is very variable. There 
are intrusive diorites, and perhaps diabases, and ‘ granite-veins,’ which, 
however, are more probably ‘ segregation veins.’ 

On the eastern side of the Herefordshire Beacon, an area of rock 
occars, forming a scries of buttresses to the hill, which may possibly 
belong to the latest part of the Archaean series. The outcrops occur 
over an area of about" a mile from north to south, and half that distance 
from east to west, and have been described by Dr. C. Callaway.^ The 
dominant rock is a very compact, flinty argillite, of a greyish or reddish- 
grey colour, which has occasionally an ashy aspect. There is also some 
of a felspathic rock, which appeared to me to be more probably a true 
quartz-feisite and possibly intrusive. It is difficult to come to any conclu¬ 
sion as to the dip and strike of the rocks, which are of a rather monotonous 
and uninteresting character. They are certainly much newer than the 
gneisses and schists of the main range, and are older than the Hollybush 
sandstone, but their claim to be pre-Cambrian rests only on lithological 
characteristics, which in this case, it must be admitted, are not very con¬ 
clusive. The Archaean age of the gneissic series is now so generally 
admitted that no proofs need be given in this summary. 

(4) The WreJein District —This hill, so familiar to every Salopian, 
forms a bold ridge, with the minor summits of the Brcal and Primrose 
Hill at the northern and the southern end. On the Geological Survey map 
the ridge is coloured as ‘ intrusive greenstone,’ and suxTOunded with a 
zone of altered Oaradoc. Attention was first directed to the interesting 
petrology of the district by Mr. S. Allport,^ and the stratigraphy of the 
region was worked out by Or. Callaway,^ to whose paper is appended a 
note on the lithology of the distinct by myself. The Wrekin is only 
the loftiest of a series of outcropping ridges which extend interruptedly 
in a HE. to SW, direction from Lilleshall Hill to the south of the Oaer 
Oaradoc chain—in all about twenty-nine miles from the most extreme 
points. It will be convenient to describe first the rocks of the Wrekin, 
the most important portion of the chain. The Wrekin group, a line of 
steep hills, is rather less than three miles long, and the ai'ea occupied by 
the older rocks is at most about a third of a mile wide. The Wrekin 
proper consists of a series of volcanic agglomei'ates and compact felatoncs. 
We have in it, beyond all doubt, a portion of an ancient volcanic hill, 
which has ejected rhyolitic lavas and scoria; fluidal structure is common 
in the fragments, spherulitic and perlitio structoes are occasionally soon; 
the prevailing tint is a purplish i*ed. Chemically the ^ felstone’ is almost 
xdentical^ with the perlite of Schemnitz,^ and, except that the rock is 
now devitrified, there is no reason why the names rhyolite and pitch- 
^ione should not be applied to some of > its varieties. The fragments 
3^1uded in the coarser agglomerates are often several inches in diameter. 
%ere are indeed one or two small bosses of intrusive dolerite, but 
area occupied by them is so insignificant that it cannot justify the 
of the whole massif as greenstone. The rhyolite is exposed 
extreme north of the range (Ereal Hill), and is seen (in a large 
to |>e overlain at a high angle by a coarse (rather decomposed) 

I 9c xxxri. p. oS6, 

jSI, yoL XXXV. p. 64S. 
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granitoid rock. This continues for about a quarter of a mile, and is 
then abruptly succeeded by rhyolite (the commencement of the main 
massif)^ the junction being probably a faulted one. It is possible that the 
junction on the northern side may also be a fault, but to myself the 
appearances appear much more favourable to the idea that the rhyolite 
has broken through the granitoid rock. The latter consists of quartz, 
felspar (orthoclase, oligoclase ? and probably microcline), with some iron 
peroxide and a small quantity of a chloritic mineral. It is extremely 
difficult to say whether it be a true granite or a granitoid gneiss (grani* 
toidite),but it seems impossible to doubt that it is a much more ancient 
rock than the rhyolite. At Primrose Hill, at the southern end of the 
range, the rhyolite again gives place to ‘ granitoidite ’ of the Ercal Hill 
type, with gneiss of Malvernian type and a little diorite. 

Evidences of Geological Age .—Even if we consider the ^ granitoidite ’ 
igneous, it must he older than the rhyolitic group, and we can hardly 
hesitate to recognise in some of the Primrose Hill rocks a reappearance 
of the ancient Malvernian gneisses. At any rate, the rhyolitic group is 
much earlier instead of later than the Caradoc, for Dr. Callaway has 
shown that the quartzite which flanks the Wrekin is considerably older 
than the Hollybush sandstone^ (Lingula Flag), and it contains in parts 
fragments of the rhyolitic rocks of the Wrekin. Hence the latter must, 
at the latest, be Cambrian, or even older. 

The rhyolitic group reappears to the north-west of the Wrekin, at a 
distance of rather more than a mile, in the neighbourhood of the village 
of Wrockwardine; and near the southern end, at Lea Rock, there is a fine 
mass of the ancient ‘ pitchstone,’ exhibiting in pai'ts beautiful perlitic 
and spherulitic structures, which have been described and depicted by 
Mr. .Allport. 

At Charlton Hill, along the same line to the south-west, there are 
argillites, tufis, and felstones, some of the latter being of the Wrekin type, 
but one is porphyritic and apparently rather less acid, together with a very 
interesting conglomerate, containing well rounded fragments of quartz, 
felspar, gneiss, and various schists, indicating that the materials were 
derived from a series of metamorphic rocks. 

Liileshall Hill, a low ridge, about five miles to the north-east of the 
Wrekin, consists of hard argillites, ashy slates, and rhyolitic agglome¬ 
rates, with a small couUe (?) of rhyolite, the latter closely resembling 
the same rOck in the Wrekin. Average dip 40° to lOTW. 

There are exposures of I’ocks resembling the above described volcanic 
group in the district between the Wrekin and Caer Caradoc, at the latter 
locality, at Hazier, Hill, Raglett Hill, and near Hope Bowdler, and some 
moi'e west of the Longmynds, but as they are inferior in interest to those 
already described it may suffice to mention them.^ 

(5.) The Licheij MUls .—This range forms the eastern boundary of 
the Severn valley, lying rather more than twenty miles north-east from the 
Worcester Beacon (the culminating summit of the Malvern chain) and 
about the same distance south-east of the Wx*ekin. The principal rock is 
a quartzite hearing considerable resemblance to that which flanks the 
Wrekin, the constituents of which have probably been derived from 
granitoid rocks. Formerly this rock was regarded as altered Llandovery 

> Q. J. G. vo>» sxxiv, p. 754. 

* Callaway, l(ie» dt., and voL xxxviji. p. IIU. 
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sandstone, but tbe investigations of Mr. F. T. Houghton, Professor Lap- 
worth, and others, have shown that, while there is a quartz-grit of Llan¬ 
dovery age, the quartzite proper is an older rock.^ Professor Lapworth 
has also discovered that at the south-western end of the range there are 
felspathio ashy beds, and a felstone, with a general resemblance to that 
abounding in the Wrekin area. 

(6.) The Sartshill Eldge, —Extending for about two and a half miles 
in a north-westerly direction from the town of Huneaton, is a ridge of 
quartzite forming the eastern dank of the Carboniferous district of War¬ 
wickshire, and bounded in that direction by a fault, on the other side 
of which are the Keuper beds. This quartzite has been mapped and 
described by the Geological Survey as altered Millstone Grit. Professor 
Lapworth, however, has recently discovered that it is overlain by a series 
of Upper Cambrian beds, containing characteristic fossils, w-hioh are suc¬ 
ceeded by the Coal-measures of the district, and is underlain by felspathic 
mudstones and ashes, among which occnrs intrusively a quartz-felsite.^ 
Certain diorites intrusive in both quartzite and the Upper Cambrian beds 
have been described by Mr. S. Allport.^ 

(7.) The Gharmvood Forest Region, —This interesting district lies to 
the north-west of the town of Leicester, and consists of a group of hills 
cropping out from beneath Triassic beds, which have occupied its ancient 
valleys, and possibly once buried many of its summits. It is, in short, a 
pre-Triassic highland region which has been again laid bare by denuda¬ 
tion. Tbe area occupied by tbe older rocks measures, roughly, nearly nine 
miles from NW. to SE., and rather more than four from SW. to NB., but^ 
it is somewhat interrupted by overlying Trias. At the north-west end,-in 
close proximity to the older rocks, a patch of dolomitized Carboniferous 
limestone is exposed, and along the north-west flank is the Leicestershire 
Coalfield. The district has been investigated by the Rev. E. Hill and 
myself,^ and the following is a brief resume of our conclusions. Omitting 
for the present sundry masses of igneous rock, generally rather coarsely 
crystalline, the Charnwood Forest series forms probably the more 
southern portion of an elongated anticlinal dome. The axis of this 
points from rather K, of HW. to S. of SE. The mass is severed by an 
anticlinal feult, and, as I think, by a larger parallel one to the west. The 
beds on the opposite side of these are rather dissimilar, but we think 
that sundry horizons may be identified with tolerable certainty, and the 
following general succession established. The lowest group, exposed » 
only at the northern extremity of the Forest, consists of slates and gritty 
li^ds. The latter have been called quartzites, but they are not at all normal 
representatives of this group, and they appear for the most part to bo 
fine volcanic detritus of an acid character. To this succeeds a great series 
of grits, slates, volcanic ash, and agglomerates, some of the last-named 
being very coarse and containing at certain horizons rounded masses 
of a rhyolitic rock, at others large fragments of a greenish slaty rock. 
Then ^mes, on the western side, at High Sharpley, a schistose porphy- 
ritic rock, overlain apparently by a less schistose variety called the 
Peldar Tor rock, over which come more agglomerates. Yet higher, 

* Birmmglum PML Soo., vol. ill. p. 206. 

* I'or infonnation on these two regions, and for the opportunity of examining 
sci©i 0 of the more important sections, I am indebted to Professor Lapworth, 

* J, B., vol. XXXV. p. 637. 

* I* fiC, voL xxxiix^ p, 7 Bi ; xxxiv. p. 139; xxxvi. p. 337. 
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apparently, are sundry slaty beds and a few bands of a pebbly quartz-grit 
and quartzite, over which, in the southern region, are the well-known 
workable slates of Swithland and Groby. 

Thus from first to last volcanic materials are recognisable, often as 
very coarse agglomerates, the fragments of lava being quite unmistak¬ 
able. This is a compact quartz-felsite (old quartz-trachyte or rhyolite), 
containing in one case as much as 79 per cent, of silica. It is difficult 
to decide upon the true nature of the Sharpley and the Peldar Tor rocks ; 
quartz and felspar occur porphyritically in a compact devitrified matrix, 
which is curiously devoid of any very characteristic structure, and the 
micro-mineralogical changes which have occurred help to increase the 
difficulties. It may be regarded as a certainty that they are of volcanic 
origin; but the difficulty is whether we should regard them as lavas 
originally glassy, upon which a rude cleavage has been impressed, and 
which, owing to subsequent changes, have become slightly schistose in 
character, or as tuffs of similar chemical composition, indurated, cleaved, 
and slightly altered, so that the original fragmental structure has been 
practically obliterated. When I wrote last upon the subject I inclined 
to the latter view, but prolonged study of these and other rocks of 
volcanic origin, ancient and modern, together with field work among the 
Ardennes porphyroids (some of which closely resemble the Sharpley 
rock), has made me more sensible of the difficulties of this hypothesis, 
and removed some of those in the other view. At the same time I 
would not venture to speak positively, except to say that whether these 
particular rocks, vrith a little of those at Bardon Hill, be sheets of lava 
or not, a very large portion of the Charnwood Forest series, like the 
Borrowdale group in the Lake country, is of volcanic origin, and the district 
was probably the site of a number of cones, perhaps individually of no 
great size. The changes, it must be remembered, are never more than 
‘ micro-mineralogical.’ The felspar has been somewhat decomposed, and 
replaced by various minute products of secondary origin; angitic or horn- 
blendic minerals have been replaced by ‘ viridites ’; in the porphyroids 
a minute filmy mineral, possibly allied to sericite, has been produced, and 
lavas once glassy have assumed a devitrified structure; but usually the 
original clastic character of the rock, the structure of the volcanic lapilli, 
with abundant crystallites of felspar and some other minerals and with small 
crystals of felspar and quartz, are as clear as in many volcanic deposits 
of Ordovician ^ ago. The very local ^ contact metamorpbism ’ at Brazil 
Wood is the only instance of important mineral change in sitn in the 
whole region, the difficulties at Sharpley, Peldar Tor, and Bardon Hill 
only arising from the minute and indefinite character of the rook struc¬ 
tures. So far as the evidence obtainable goes, the rock must be much 
older than the Carboniferous limestone, and is probably anterior to the 
Silurian. The reason for assigning it to the latest Archssan rather than 
to the Cambrian (as it is named by the Geological Survey) will be men¬ 
tioned hereafter. 

The Intrmwe Igneous Eochs, —(a) A mass of hornblendic granite at 
Mountsorrel, which is surrounded by Trias. This, as discovered by Mr. 
Allport, is intrusive in a slate, probably belonging to the uppermost 

* I adopt this term, proposed by Prof. Lapworth to include the beds from the base 
of the Arenig to the base of the Upper Llandovery, to avoid the ambiguity of the 
boundary of the Lower Silurian. 
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series, wMcli near tlie contacb is converted into a highly micaceous 
rock, the so-called gneiss of Brazil Wood. ^ 

(/3) Some large masses of a coarse syenite on the south and south¬ 
western part of the Forest, also found to be intrusive in the upper portion 
of the Oharnwood series. The rock, from both microscopic and chemical 
analysis, appears to be intermediate between a syenite and diorite. 

(y) Some smaller masses of a rock less coarsely crystalline, rather more 
basic, and distinctly dioritic, occurring in the mox'e northern parts of the 
Forest, Notwithstanding some chemical difference, there seems good 
reasons for considering these two groups of intrusive rocks to be closely 
connected. 

(S) A varied series of dykes and small intrusive masses, diorites, 
diabases, and, at Mountsorrel, a compact feisifce cutting the hornblendio 
granite. As a rule they occur only in the above igneous masses. 

The rocks of the Forest area are probably prolonged underground 
beneath the Trias and Coal-measures for a considerable distance, since 
they have been struck once or twice in borings, and a number of bosses 
of crystalline rock crop out from the Trias in the neighbourhood of 
Narborough, to the south of the Forest. The most northern of these 
occurs at Enderby, about five miles south of Grroby, and the most distant is 
about five miles from that in a south-westerly direction. All the bosses 
are igneous, but at Enderby quarrying has shown one of them to be intrusive 
in a slaiy rock, having a general resemblance to the upper part of the 
Forest series. The dominant rock is a quartz-syenite or quartz^diointe 
(for it is really intermediate), but at Narborough we have a boss which 
might almost be called a quartz-felsite. 


(B) Wales. 


(8.) JPembrolcesMre .—The region of Pembrokeshire about St. David^s 
has become classic ground in the history of Archjean rocks. The presence 
of these was asserted by Dr. Hicks in 1871,^ and their petrology has been 
worked out in a series of papers in which his views were gradually 
developed.® These may be thus summarised: that the base of the 
Cambrian series in this part of Pembrokeshire (where it has now proved to 
be fossxliferous) is marked by a conglomerate, in which pebbles of quartz, 
quartzite, and felstone are present in large but variable quantities. 
Beneath this, and xmconformably overlain by it, comes a series of argillites, 
volcanic breccias, and schistose rocks, under which is another series of 
quartz-felsites and ‘ hallefiintas ’— ie,, silicious rocks of dubious origin— 
perhaps in some cases sedimentary, in others compact felstones. At the 
base of this comes a granitoid rock, which Dr. Hicks considered to be 
associated with thin bands of cbloritic schist and of an impure doloixdte, 
and to ^ non-igneous in origin. To this last group he gave the name 
‘ Dimetian,’ to the middle one of * Arvonian,’ to the upper one of 
* Pebidian.’ The correctness of these views was impugned, in the year 
188o, by the present Director-G'eneral of the Geological Survey, Dr. A. 
G^ie/ whose views may be thus briefly summarised :— 


^ Bee. ii., vol. vi. p. 481. 

^ Barkan and Hicks, §. J. 0, R, vol. zxvli. p. 3S4. 

p. 167; xsxiii. p, 229; p. 153 : xxxv. p. 
Otfaer seeOelMe, vol. 

* <7. 0. xxxis. p. 261. 
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There is no break at the base of the conglomerate, and further there is 
evidence of volcanic action in the admitted Cambrian, so that there is no 
reason for separating the Pebidian from it. The so-called Dimetian is 
not an ancient granitoid gneiss, but a true granite, and is intrusive in 
the Cambrian series; the Arvonian consisting partly of apophyses from 
this granite mass, partly of a volcanic scries, inseparable from the so-called 
Pebidian, and thus from the Cambrian. 

To this attack Dr. Hicks has replied, admitting (as indeed had been 
done previously) that some of the indications upon which he had relied 
to prove the metamorphic character of the Dimetian—viz., the chloritic 
schists and dolomitic beds—were fallacious, the former having been found 
on microscopic examination to be diabase dykes, rendered schistose 
by subsequent compression; the latter, to be probably bands of infiltra¬ 
tion along lines of fracture or crushing—but asserting unhesitatingly (and 
here his view is supported by independent microscopic study on the part 
of Mr. T. Davies) that the Dimetian rock, whatever be its true nature, 
bas contributed recognisable fragments to the basement conglomerate of 
tbe Cambrian, as have many of the supposed apophyseal felsites; that 
the latter frequently cut the granitoid (Dimetian) rock; that the sup¬ 
posed cases of intrusion of the last-named into the superjacent beds 
are non-existent ; that there is no evidence (but the contrary) of a 
great fold asserted by tbe Director-General to exist in the volcanic 
series; that there is a marked break below the conglomerate at the base 
of the Cambrian, and that the asserted proofs of volcanic action in the 
latter are of a very slight and uncertain character. 

Between the publication of the two papers one had been written by 
Professor Blake/ who confirmed in strong terms the existence of a 
marked line of separation between the Pebidian and the Cambrian, and 
the non-intrusive character of the Dimetian, but regarded it as a true 
granite—the core of the volcano which had ejected the rhyolitic lavas and 
tuffs (Arvonian of Hicks) which formed the lower part of the volcanic 
series. He thus maintained the existence of a pre-Cambrian series, but 
I’Cgarded it as one approximately continuous group. 

Perhaps, as I have examined a portion of the district rather carefully, 
and have studied a very considerable collection of microscopic slides, 
including all those submitted to Mr. T. Davies, I may venture to express my 
own opinion, which is this—that I fully agree with him in recognising 
‘ Dimetian fragments,’ as well as those of Arohsean schists (not now visible 
m situ), in tbe Cambrian conglomerate: that while in the present state of 
our knowledge I will not venture to say whether the Dimetian be a granite 
or not, I feel cei^tain that there is no valid evidence of its being connected 
with any of the felstones, and none whatever (but much to the contrary) 
of its being intrusive in the stratified series; and that the Cambrian and 
Pebidian appear to be at least as widely separated as tbe Ordovician and 
the Silurian, the break at the base of tbe Cambrian, physically and litho¬ 
logically, being far more marked than any one that occurs between it and 
the top of the Ordovician. Of the advisability of separating the Arvonian 
from the Pebidian I have always been more than dubious; but, with this 
exception, I think that Dr, Hicks’s main position as regards the geology of 
St, David’s remains unshaken. He also notices in his last paper ^ one or 

' (0. J. G. 5., vol. xl. p. 304. 

2 Q. j. a, vol, xk p. r>07. 
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two other areas in Pembrokeshire where he believes that there ai^e out¬ 
cropping ridges of Archsean rock. 

(9.) Garrtarvonsliire and Anglesey .—This district, since the publication 
of the first edition of the ‘ Geology of North Wales ’ by Professor Bamsay 
(vol. iii. of the Memoirs of the Geological Survey), has been the subject 
of several papers by Dr. Hicks, Dr. Callaway, Professor Hughes, myself, 
and others.^ Several of these were published before the issue of the 
new edition of the above work (dated 1881), but are not mentioned 
therein. The facts upon which all geologists agree are that the 
Cambrian series of Carnarvonshire is a group of quartzose grits and slates, 
beneath which occur large masses of a compact reddish felsite, and that 
near the town of Carnarvon is a ridge of granitoid rock, which extends 
to the north-east for three miles, being flanked by conglomerates and grits, 
chiefly of quartz, after which the ridge is continued by a felsite just like 
the last; this extends nearly to Bangor, and is overlain by grits, breccias, 
and slates, generally differing much in aspect from the indubitable 
Cambrian of the Llanberis region. The view expressed in the Survey 
maps and memoir is that the felsite, grits, &c., are metamorphosed beds of 
Cambrian age, and that near the northern end of Llyn Padarn, the lower 
part of the Cambrian (here conglomeratic) may be seen to be gradually 
melted down into the felsite, the granitoid rock being probably a part of 
an intrusive mass connected with the above metamorphic action. 

The following facts are so patent to every person accustomed to 
microscopic as well as field work that they may be now regarded as 
indisputable:— 

{a) That the felstone mentioned above, except for the presence of a 
devitrified structure and sundry marks of age, is no way chemically or 
microscopically different from a modern rhyolite, and is a lava-flow or 
gronp of flows. It exhibits fiuidal structure,^ is somewhat porphyritic, 
and in one place (where perhaps it breaks through the granitoid rock) 
is spherulitic. 

(&) That the granitoid rock appears in some places to be distinctly 
gneissose; at Twt Hill, near Carnarvon, however, it very closely re¬ 
sembles the granitoid rock of the Wrekin area, and is not unlike the 
Dimetian of St. David’s. 

(c) That the conglomerate at Llyn Padarn shows no signs of melting 
down into the rhyolite, but is fall of fragments (many of them being 
well-rounded pebbles of considerable size) exactly resembling it. Pebbles 
also of the Twt Hill rook are occasionally found, and in other localities 
fragments of hard argillite (nsually more angular) abound, 

(d) That at the base of the admitted Cambrian in the region south of 
the Menai Straits is a conglomerate of well rolled pebbles, chiefly derived 
from the above rhyolite ; a spherulitic variety has also been found (by Dr. 
Hicks ^). 

(e) That between this conglomerate and the rhyolite is a series of 
beds—argillites, grits, and breccias—into which indubitable volcanic scoria 
and fragments of rhyolitic lavas largely enter, probably indicating con¬ 
temporaneous volcanic action, or, if not, the destruction of proximate 
ocmes cx^nnected with the above-named rhyolite flows. As to the exact 

' Sli^se are published in Q, J, Gr. S., commencing with vol. xxxiv., and shorter 
papem in tbe Gleol. Mfuf. for 1878 and followingr volumes. 

* y. vol. XXXV. p. 309. 

• J. voi xh p. 187 j Bonney, id. 200. 
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vertical extent of this formation there is still a difference of opinion. 
I regard it as consisting of the series of green argillites and breccias, 
well exhibited in Bangor mountain, and of a lower series of argillites, 
grits, and peculiar breccias. The latter, however, are regarded by Professor 
Hughes as repetitions of the Bangor series and of the Cambrian con- 
glomerate by faults; but to myself the zones appear to be too well marked 
and traceable over too largo areas for this to be possible. On the existence 
of a volcanic series between the rhyolite and the Cambrian conglomerate, 
all of the ‘ newer school ’ are agreed. 

Schists, of a type resembling some of those described below, are said 
to occur in the Lleyn peninsula on the west side, but further information 
is needed. Prom my personal knowledge, I can only say that the rock 
mapped at Porthdinlleyn as serpentine has no claim to the name.^ 

As regards the island of Anglesey, it is admitted on all hands that a 
portion of the shore at the southern end of the Menai Straits, like the 
opposite mainland, is fringed by Carboniferous limestone, and that there 
is a tract of similar rock at the north-east angle, not far from Beaumaris. 
Carboniferous limestone, with overlying Coal-measures, and possibly 
Permian in one part, extends across the island from slightly north of the 
above-named tract to the western shore near Maeldreth Marsh, To the 
north of this is a thin strip of ‘ Lower Silurian,’ and yet further north a 
considerable tract which extends diagonally across the island, and sends 
off a prolongation at right angles to the northern shore.^ Bringing the 
part just named on the south, and extending to the western shore, is a 
strip of ^granite,’ and the rest of the island is coloured on the Geological 
Survey map as metamorphosed Cambrian, &c. As to the unaltered 
PalsBozoio rocks there is substantial agreement, except that the age of the 
lower portion is uncertain. Professor Hughes believing that he has 
identified Tremadoc beds in Anglesey, which is doubted by Dr. Callaway. 
Th^ Survey view may be stated in the words of the Memoir;^ ‘The 
Cambrian strata of Anglesey being wholly metamorphic, and the Silurian 
rooks being metamorphosed in part, there is reason to believe that their 
metamorphism was contemporaneous and of Lower Silurian date, being 
connected with the presence of granite, probably of the same age with 
the imperfectly granitic rock and quartz porphyry on the opposite side of 
the Straits’ (as has been shown above, both these rocks underlie the 
Cambrian). There is no doubt much in the very complicated and diffi¬ 
cult geology of Anglesey which must still be regarded as unsettled, but I 
think that there is a general concuri*ence of all who have studied the 
subject, both iu the field and with the microscope, as to the following 
points:—‘ 

(a) That this region of ‘ metamorphic Cambrian and Lower Silurian ’ is 
separable into two, one strictly speaking metamorphic—schists, micaceons 
and cldoritio, fine-grained gneisses, quartzites, &c.: the otherhypometa- 
morphic, as it has been termed by Dr. Callaway, consisting of slaty or 
schistose rocks, sometimes apparently of volcanic origin. Further, the 
so-called granite consists in part of coarse gneisses and micaceous or 
hornhlendic schists, and it is doubtful (as at Twt Hill and the Ercap 
whether even the most granitoid beds are a true granite. Including this 
coarsely crystalline group with the schists, the metamorphic rocks of 

* Q. X G, S., vol. xxxvii. p, 40. 

- There is also a little Lower Silurian near Beaumaris. 

® Mem. GeoL Stirvey, vol. iii. p. 177. 



542 


BEPOET —1884. 


Anglesey occupy three areas—one, a strip ronghly parallel with the 
Menai Straits, extending from the western to the eastern shore, consist¬ 
ing mainly of micaceous or chloritic schists, with some rather decidedly 
crystalline hornblendic schists; another (in which the granitoid rocks 
are included), extending from the western shore at Perth JS’obla, near 
Ty Croes and Llanfaelog, about two-thirds way across the island, with 
sundry outcropping patches to the north-east which show that an Archaean 
floor underlies the Palseozoic rock right up to the eastern shoz'e; and, 
lastly, a rudely triangular patch, consisting of the island of Holyhead, and 
a still larger tract on the adjacent mainland. 

(b) That at the base of the indubitably Palaeozoic series, there is in 
many places a conglomerate which contains fragments of the granitoid 
rock, the schists, and the schistose or slaty beds of the ‘metamorphic 
Cambrian and Lower Silurian region’ of the Survey. Hence, that whether 
this conglomerate is Cambrian, as is the opinion of Professor Hughes and 
Dr. Hicks, or very low down in the Ordovician, as seems to he the view of 
Dr. Callaway,^ there is a very important break between it and the ^ meta- 
morphic series,’ in which also the upper member contains pebbles of the 
lower, 

(c) The greater antiquity of the granitoid series and its non-iiitrasive 
character is placed beyond doubt by the following section; ^ Hear Llan¬ 
faelog the granitoid series and the so-called Lower Silurian can be seen 
in close proximity ^ and traced for a considerable distance. Not only are 
grits in the latter formed of debris closely resembling the constituents of 
the former, hut also there are occasionally bands of well-rounded pebbles, 
sometimes more than four inches in diameter, which are absolutely indis¬ 
tinguishable macroscopically and microscopically from the vaineties of the 
granitoid rocks of the Llanfaelog ridge. 

When we come to the classification of the truly metamorphxc series, 
there is at prestmt considerable discordance of opinion, and it will doubt¬ 
less take much careful work, both in the field and with the micro¬ 
scope, before the subject can be regarded as settled- Dr. Hicks gives 
the following succession in ascending order:—(1) Granitoid series. 
(2) Compact quartzose rocks. (3) Quartz-schist, and chloritic or mica¬ 
ceous schist (the most abundant rock in the metamorphic series of 
Anglesey). The lowest series he correlated with the Dimetian, the ‘ hiille- 
, fiinta ’ with the Arvonian, and the ‘ chloritic series ’ with the Pebidian.\ In 
my opinion, over much importance has been assigned to the ‘ halleflint a' 
zone, which is made up partly of some compact quartzoxnicacoous 'Or 
quartzoohloritic rocks not very distinctly foliated (for which it h 
SMeiilt to find a satisfactory name), partly of some felstones, almost 
certainly intrusive, and so giving no help in classification. Further, the‘ 
great ‘chloritic ’ series cannot be correlated with the Pebidian (ie., the 
underlying the Cambrian conglomerate at St. David’s and near 
Bangor), without setting aside all the conclusions to which we are led 
by the use of the microscope in studying the British rocks. Dr. Calla¬ 
way gives tibe following succession in ascending order (1) Hallefiinta. 
(2) Quartz-schist. (3) Grey gneiss. (4) Dark sehibt. (5) Granitoidite. 
Tte dark schist (4) includes the dull lead-coloured or greenish, chloritic 

» Q. J. >Sf., Yol. xl. p. 567, 

* Sicks, G* iSu, vol. xl, p, 187. 

• About 30yards at the nearest point—Hicks, p, 192 . 
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or micaceous, scHist, wliich constitutes so large a portion of Anglesey ; 
the quartz-schist (2) including the well-known ‘ quartzite ’ of Holyhead 
mountain and some other quartzose rocks. It is quite true that, near 
Oraig-yr-Allor,' the granitoid series appears to pass down into some 
dark micaceous or hornblondic schists ; but I doubt the identity of these 
with some rather similar bands low down in the ‘ dark schist ^ series, and 
I may say, with regard to the position assigned to the granitoid group, 
that if it OTerlay (except by intrusion) rocks with the microscopic 
structure of the Holyhead quartzite and the Menai and Holyhead schists, 
it would be a succession so abnormal as to show that neither microscopic 
structure nor metamorphic character could be of the slightest value as a 
factor in rock classification. 

Briefly to state niy own view, it is that at present it is safer to 
reo*ard the metamorphic rocks of Anglesey as belonging to two great 
groups—(a) fhe lower, a series of granitoid gneiss and highly 
crystalline schists, in Avhicli there ma.y be rocks indistinguishable from 
granite, but of which all are among the oldest Archasans; and (J>) a 
more modern series, consisting mainly of well-bedded schists and some 
quartzites, the former being generally chloritic or micaceous, and all, as 
a rule, composed of rather minute mineral constituents. These I should 
conjecture to be decidedly more modern than the granitoid rocks, down 
against which, near Llanfaelog and Ty Crocs, they appear to be faulted, 
but still to be decidedly more aucient than the volcanic series of the 
mainland, with its great subjacent rhyolitic lavas, which is probably more 
nearly of an age with the hypomotamorphic series of Dr. Callaway, and 
both of which may be provisionally named Pebidian. 

It may be well before passing across the Scottish border to recapitu¬ 
late briefly the reasons for which the less altered members of the above 
regions are assigned to the great Archaean series. I take it as proved that 
there is a good base to the Cambrian in South Wales in the conglomerate 
which underlies the flaggy beds, containing Lower Cambrian fossils, and 
in Horth Wales in the great conglomerates of Carnarvonshire, even if 
we differ as to some points of detail concerning these, and regard it 
as still an open question whether the Anglesey conglomerate is to be 
considered Cambrian or very low down in the Ordovician. Accepting, then, 
the above conglomerate as a base, there is in Britain no evidence of vol¬ 
canic activity on a scale of any importance during the Cambrian period. It 
was apparently one of subsidence and quiet sedimentation, during which, 
by the detrition of older rocks, large deposits of sediments, generally 
rather flue in texture, were accumulated. But it was preceded in North 
and South Wales, as periods of subsidence often are preceded, by one of 
volcanic activity, and it was followed in the same districts by new 
outbreaks of the volcanic forces, though perhaps from slightly different 
foci. Again, the lavas of these two epochs—though agreeing in belong¬ 
ing to the acid division, in having a high silica percentage—differ con¬ 

siderably in their minor characteristics, so that in a great number of cases 
no hesitation would be felt by a practised collector as to which group 
a specimen should be referred. Now there is macrosoopically no incon- 
siderableresemblance between the ‘ old rhyolites ’ of the Bangor-Carnarvon 
area and those of the Wrekin; and chemically the relationship is very 
close. A gain, the former haTe a close resemblance to the average ‘ felsites' 
of the St. David’s district, putting aside certain exceptional varieties. 

' * Callaway, Geol Mag,^ Dec. it, voL vii. p, 117. 
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Kow the Wrekin volcanic rocks mast be distinctly older than the 
Ordovician ; hence we refer them to the same set of outbursts as the late 
Archjean volcanoes of Wales. Bat there are considerable resemblances 
between these and the oldest rocks at the Lickey, Hartshill, and the 
more rhyolitic lavas of Chamwood (not to mention resemblances of the 
ordinary detrital beds), and all these differ markedly from the lavas of 
the Arenig or Bala beds of Wales. Hence it seems reasonable to suppose 
that in the latest part of the Archaean period there were numerous 
volcanic outbursts of very similar materials in Britain, and that of these 
the beds already mentioned are records. 

(0) Scotland. 

(10.) TJie Highlands .—This mountainous region has for full thirty 
years been a battle-ground for rival theories, and the war which was so 
keenly waged between Murchison and Mcol has now, after a truce of 
exhaustion rather than of agreement, again broken out. In the limited 
space of this paper it would be impossible to enter into the details of the 
controversy, so that it must suffice to give the main outlines of the 
chief conflicting views. First, as to the points on which the main body 
of competent observers are agreed. Along the western border of the 
H.W. Highlands and in the Outer Hebrides, is a great area of metamorphio 
rock, which clearly forms the foundation-stones of the district. This, the 
Fundamental gneiss, Lewisian gneiss, Hebridean gneiss, &c., of different 
authors, is clearly a series of great antiquity; its characteristics recall 
those of the Lower Laurentian series of America, and the most ancient 
rocks of Scandinavia, the Alps, Bohemia, we may say of any locality in 
the world where we seem to touch the records of the dawn of geological 
history. Its rocks may be described in the words of Dr. A. Geikie, the 
present head of the Geological Survey of Great Britain: ‘ They consist of 
a tough massive gneiss, usually homblendic,' with bands of hornblende- 
rock, hornblende-schist, actinolite-schist, eclogite, mica-schist, sericite- 
schist, and other crystalline rocks. In two or three places they enclose 
bands of limestone.^ .... In traversing the western seaboard, from 
Cape Wrath to Loch Torridon, I have ascertained that these ancient 
rocks are disposed in several broad anticlinal and synclinal folds, the 
angles of dip not exceeding 30*=* to 40°, and the strata succeeding each 
other with unexpected regularity, though here and there showing great 
local crumpling. The lower portions of the series are on the whole more 
massive than the upper, and more traversed by pegmatite veins.’ ^ Above 
this metamorphio series comes a mass of indurated reddish grit, sometimes 
a conglomerate or breccia, commouly called the Torridon sandstone. This 
is of very variable thickness ; in the Loch Maree district it is supposed to 
be ‘at least 8,000 feet thick,’^ while near Loch Eriboll it is practically 
absent. It overlies, with great unconformity, the Hebridean gneiss, and 
is in ten overlain, it is generally said unconformably, by a group of 
quartzites, which are succeeded conformably by calcareous beds. It is 
proved, on the evidence of fossils, that these limestones and the nnderlyino* 
qu^zites are of Ordovician age; hence the ‘ Torridon sandstone ’ 

M^red to be Cambrian. In apparent succession to the Ordovician lime- 

* Black miist also is by no means wanting.—T. G. B, 

* Highly ciystalline, so far as I know,—T, G. B. * 

» &f Gmhgy, p, ,640, cd. 18S2, 4 Qeikio, ihUl p, 056. 
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fitones comes a series of ‘ gneiss, mica-schist, chlorite-schist, clay slate,’ 
&c., called by Murchison the Newer Gneiss series, characterised generally 
by a marked bedding and general ‘ flaggy ’ aspect, which readily dis¬ 
tinguishes it in the field from the normal Hebridean series. These rocks 
constitute the greater part of the grand hilly mass designated by the 
name of the Scotch Highlands, central and northern. 

It was contended by the late Sir H. Murchison—and the view is upheld 
by his fellow-labourer and successor, Dr. A. Geikie, and has been ever 
since consistently maintained by the Geological Survey—that these 
^ newer ’ or ‘ eastern ’ gneisses distinctly overlie the group of quartzites 
and limestones, and thus are the metamorphosed equivalents of the 
Ordovician rocks of the southern uplands of Scotland, representing in 
the main the Bala beds of Wales; though the possibility of the reappear¬ 
ance of snndry bosses of the Hebridean gneiss was distinctly admitted. 
This opinion, contested by Professor Nicol, has of late years been op¬ 
posed by Dr. Hicks, Dr. Callaway, and others, who maintain that almost 
all the rocks included in the Newer or Eastern Gneiss series are really 
more ancient than the ‘ Torridon sandstone,’ and are A-rchsean, though in 
the main they belong to a newer part of that series than the typical 
Hebridean group. 

It will be long before all the difficulties of the complicated strati¬ 
graphy of the Highlands are solved, but the two following general state¬ 
ments will not be denied by any student of the more ancient rocks:— 

(1) That the results of work in similar regions during the last few 
years has been to diminish the probability of great masses of meta- 
morphic rock being of post-Archaean age. 

(2) That great caution is needed in applying the principles of 
lowland stratigraphy to the Highlands, which is evidently an ancient 
mountain region—viz., that the observer must be prepared, not only for 
faulting and folding on a grand scale, but also for gigantic inversions and 
overthrusts. 

Within the limits of this summary it will not be possible to discuss 
the many questions that have been raised in relation to Highland 
stratigraphy, but I shall endeavour to state briefly the principal views 
which have been maintained, the lithology of each group, and the facts 
which have to be taken into account in coming to a conclusion. 

It is of course universally admitted that there is a vast break between 
the Torridon sandstone and the Hebridean series, and that the quartzite 
(whether conformable or not to the latter, and whether there be two or, 
as is now generally held, only one group of quartzites) is in close sequence 
with and is followed by the limestone. 

The views, then, are the following:— 

(1) That the eastern gneiss ^ follows in conformable succession with, 
the limestone that overlies the quartzites; that, as these are Ordovician, it 
too cannot he earlier than that period (Murchison, Geikie, and the 
British Geological Survey), 

(2) That the eastern gneiss is nothing but a portion of the Hebridean 
brought up again by faulting, and so is older than the Torridon sand¬ 
stone (Nicol, followed, with modifications, by Hicks and Callaway). 

(3) That the eastern gneiss is newer than the limestone overlying 
the quartzite, but that this is not identical with the fossiliferous lime- 

» I think this term preferable, as not involving any theory* 

■ N N 
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skmB of Durness. Hence, that althongli it and some associated beds aro 
Ordovician, yet this is no proof of tlie age of tbe Torridon sandstone, 
quartaiite, and eastern gneiss, whicb may be Arcbsean (Heddle). 

Tkft last view at one time seemed to offer a promising way out of the 
difficulties, but the recent examinations of the more critical sections by 
more than one skilled stratigraphist seem to show that tie quartzite 
must be admitted to be of Ordovician age, and fully confirm the views of 
Murchison and his helpers, Mr. Peach and Dr. A. Geikio; so that if the 
eastern gneiss do overlie it in true succession, its Palaeozoic age is settled. 

Tins the great question at issue is, What is the relation of the 
eastern gneiss to tbe admittedly Palseoaoic group ? Is fcbe conform¬ 
able upward succession a real one, or only an apparent one, due to 
faulting with overthrust on a grand scale Y The question is one of 
unusual difficulty, where to have erred is only human 

Perhaps the simplest vr&j of explaining the difficulties will be by 
describing one of the sections generally regarded as among the most 
important, that on a line passing roughly along or parallel with. Loch 
Maree as far as the valley, which is followed by the railway from Ding¬ 
wall to Loch Carron:— 

In many places by tbe shore of Loch Maree the great masses of the 
Torridon sandstone are seen to rest upon the Hebridean series. This con¬ 
sists iu the lower part (well exposed along the eastern shore of the 
more southern part of the lake) of coarse granitoid gneisses of a pinkish 
colour, often traversed by veins of pegmatite. The characteristic struc¬ 
tures of a granite are not revealed by the microscope. Among the felspars, 
orthoclase, albite, or oligoolase and aniorocline, can bo identified. A 
greemsh mineral, present in variable quantities, is sometimes an altered 
biotite, sometimes hornblende. Sphene, garnet, and white mica are 
occasionally present. Foliation, as a rule, is rather faintly marked. 
Massiveness, constancy of mineral constitution through considerable thick¬ 
nesses, and slowness of change, are the dominant characteristics. As tho 
series* is traced upwards indications of bedding, evidenced by change in 
mineral character, become more maT-kedj the gneiss is more distinctly 
foliated, and contains well marked beds of hornblende-schist, mica-schist, 
and (though rarely) of crystalline limestone; the general strike is, roughly 
from NW. to SE. Of the succession Dr. A. Geikie (as above quoted) 
says, ‘In traversing the western seaboard, from Cape YTrath to Loch 
Temdon, I have ascertained that these ancient rocks are disposed in 
severial broad anticlinal and synclinal folds. . . . Tho upper division 
caunofc be sharply defined, but is on tho whole marked by the relative 
thinness of its beds, with a much larger development of schists, and a 
great diminution of the quantity of pegmatite—characters particularly 
well seen at Gairloch.’ 

In Glen Laggan, or Logan, near the head of Loch Marco, the 
OrdcTician limestone, here dolomitic, dips down towards the bod of tho 
glen,^ at an angle of some 30°, and is then cut off by a mass of 
granitoid rock of variable breadth ; on the opposite side of this rises the 
eecarpment of the eastern gneiss, forming the steep craggy left bank of 
valley,^ Its dip and strike, though not identical with that of the 
limesbone, is not very divergent, and its lithological characters are so 
dififerenfe from those of the Hebridean series as to he insisted upon by 
Murchison a® one of its be'it distinciions. This difference happens to be 
especially oonspiouous at this place, inhere the stratified character is so 
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anarked tkat one observer has denied that the strata are more meta¬ 
morphosed than, many of the ^ Lower Silurian flags in Wales.’ I will 
describe the lithological characters of the eastern gneiss along the above- 
named line of section, as it is followed southwards. Specimens have been 
examined from more than one point along this northern edge. Undoubtedly 
some of the rocks have, macroscopically, a very flaggy, stratified, and but 
slightly altered aspect; all, however, under the microscope show that there 
has been considerable change. ‘ They consist chiefly of quartz and a 
micaceous mineral, with a fair amount of felspar, some epidote, &c. 
ICinute grains of quartz, sls it were agglutinated together, compose the 
greater part of the slide, with the micaceous mineral, both disseminated 
and in wavy hands, parallel with the stratification. In this ground-mass 
are scattered longer snbangular grains, lying generally lengthwise, with 
the mica scales beading round them, so that they form, as it were, “ eyes ” 
to the slide. Often most of these are felspar, many are plagioclase, 
one or two probably microeline. The micaceous constituent is rather 
fibrous, faiidy dichroic, showing moderately bright colours with the two 
nieols, and is probably a hydrous magnesia mica, but there may be more 
than one mineral present; there are many small grains of epidote, a fair 
nnmber of iron peroxide, probably heematite.’ ^ Calcite, chlorite (?), and 
perhaps a few minute garnets oconr in some cases. Thus the series is 
metamorphic, but evidently (if we may trust the microscopic indications) 
much more modern than the typical Hebridean rocks, and possibly even 
formed of their debris. In this region (and in others whence I have had 
specimens) this eastern gneiss reminds me, in many respects, of the 
great uppermost zone of schists, so largely developed in the Alps (the 
scJiutes Imtrees of Lory, part of the Bundner scMefer of Von Hauer), of 
which (to avoid ambiguity) we may take the schists in the Binnenthal, 
below the village of Jdinn (Canton Valais), as an excellent type. These 
are so perfectly bedded that at a moderate distance it would be im- 
passible to assert positively that they were metamorphic rocks, while, 
on close examination, especially with the microscope, they are in¬ 
dubitably much altered. The eastern gneiss, south of loch Maree, in 
the above-named line of section, is cut roughly across the strike by the 
valley of Glen Docherty. The rocks exposed in its crags maintain 
the same macroscopic characters, except that, as we proceed up it, the 
metamorphism becomes rather more marked, macroscopically and micro¬ 
scopically ; quartz-schists, fine-grained gneiss, and a lead-coloured mica* 
schist with small garnets, being noted among others. In the lower 
part of Ben Fyn, on the north side of the valley traversed by the Ding¬ 
wall and Skye railway, we have flaggy quartz-mica-schists, or gneisses 
poor in felspar, with red garnets; in the upper part, mica-schist$ and fine¬ 
grained micaceous gneisses, still inclined to be flaggy, hut indubitably 
highly altered. 

How it cannot be denied that in this section there is some evidence, 
even taking the microscopic character, in favour of the Mnrchisonian view, 
that this series overlies the quartzite-hmestone group, and that there is a 
progressively increasing metamorphism as we proceed southwards. The 
eln borate paper, already mentioned, by Murchison and Geikie, brings 
forward other instances where there is apparently a true succession 
from the quartzite-limestone series into the eastern gneiss. 

* Bonnej^ Q,J, G. vol.xxxvi. p. 102, 
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Ifc must, liowever, be noted that elsewhere, as in this district, we hud 
iatervening between, these two series, either an interval of granitoid rock, 
fiB in Glen Logan, or a fault cutting out a part of the supposed lower 
series, as at the mouth of Glen Torridon. 

This granitoid rock (variously called syenite, diorite, granulite, &c.) 
was by both the principal disputants, Murchison (with ^ Geikie) and 
!Nichol, as at first by Hicks, considered to be an intrusive igneous rock, 
to which the obscuration of the succession was mainly due. After a visit 
in 1879 lo the Loch Maree neighbourhood I pointed out that there were 
none of the usual indications of the intrusion of a granitic rock, but every 
indication of a faulted junction, and that lithologically the Logan rock 
(as it has been called for purposes of reference) is inseparable from 
the older part of the Hebridean series, and often exhibits indications of 
intense crushing.^ This view is supported by specimens from Assynt 
collected by Dr" Callaway, and from Eriboll, by Professor Lapworth and 
others; it is maintained by them, and is now accepted by X)p. Hicks.^ 
We have then to deal with the fact that between the eastern gneiss and 
the quartzite-limestone group there is often an irregular wedge of the 
old Hebridean floor, bounded on the one side by a fault whose throw is 
equal to the whole series from the base of the Torridon sandstone 
upwards (all the Cambrian and Ordovician), and on the other (according 
to the Murchisonian hypothesis) by one somewhat greater. It has been 
shown by Dr. Callaway and Professor Lapworth that a prolonged study 
of the assumed sequence of the limestone or quartzite and the eastern 
gneiss in the Durness and the Eriboll regions brings to light most serious 
stratigraphical difficulties, and that the apparent conformities (where 
they exist) are better explained by an overfold or overfchrust in faulting.^ 
Further, all would admit that the great mass of the central Pligh- 
lands, wherever it has been studied (excluding some in-folded masses of 
grit, quartzite, schistose and slaty beds, very probably Palseozoic), con¬ 
sists of schists and gneisses corresponding very closely with those 
typified by the rocks in the above-described section from Glen Logan 
southwards, especially by the more highly altered or more southern 
members of it. How, dealing for a moment simply with the lithological 
aspect of the question, it has been shown by Dr. Hicks^ (and his view 
is confirmed by Mr. T. Davies, and accords with my own studies of his 
specimens) that rocks an the main agreeing with the upper portion of 
the admitted Hebridean series predominate over a broad strip extending 
in a HIOI. direction from Loch Shiel and the head of Loch Eil; that 
on the south of this region, about the lower part of Loch Eil and the 
southern part of the Caledonian Canal, rocks bearing a general resem¬ 
blance to those of Ben Fya,near Achnasheen, occur, and on the north of 
it a district occupied by similar rocks extends inward from the western 
coast about Arisaig to the north shore of Loch Carron; this, crossing 
the valley le^ing down to the sea so as to include Ben Fyn and the hills on 
the north side, stretches northward to include the head of Glen Logan 
and the region of Loch Fannich; and, further, that similar rocks occur 
t^irloch, flanked on the eastern side by the Upper Hebridean, which 

i xxxvi. p. 92. Kearly the same view had independently occurred 

m Hr^ Pmr. Ansoe-f vol. vi. p. 75. 

^ 0, A, vol. zzxix. p. 143. 
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extends to the shore of Loch Maree, and on the western by similar rocks, 
but bounded on the northern and southern by the Paleozoic grits and 
quartzites. I have examined typical specimens from these areas, and it 
seems to me indubitable that the lithological evidence is in favour of Dr. 
Hicks’s mapping; and Mr. T. Davies, whose opinion is of the greatest 
weight, is very clear in asserting that the more foliated beds of Gairloch 
(accepted by Dr. Geikic, in the passage above quoted, as representing the 
highest part of the Hebridean series) are lithologically identical with the 
Ben Pyn series. I may add that this Ben Fyn and Gairloch group has a 
general resemblance to the more friable gneisses and silvery schists which 
in the Alps are seen to underlie the zone of well-bedded schists (Binnenthal, 
Val Piora, &c.), and of which wo may take the well-known schists of the 
Val Tremola (south side of the St. Gothard Pass) and of the Val Piora as 
types. These are likened by Dr. Sterry Hunt to the Montalban series 
of the American continent. It cannot be denied that the stratigraphical 
diflBculties w’hich are presented by this view of the infraposition of the 
Eastern Gneiss to the Palaeozoic series are very great, but they are not 
greater than exist in many sections in the Alps which have been so 
successfully unfolded by Heim, Baltzer, and others. 

The more modern reading of this district of the north-western High¬ 
lands, and of that forming the same part of the central Highlands, would 
be that the Archaean series consists (in ascending order) of (a) coarse 
gneisses (called by Dr. Hicks the Loch Maree series) ; (h) more variable 
bedded gneisses (the Loch Shiel series of the same); (c) mica-schists, 
quartz-schists, friable gneisses (Gairloch and BenPyn series of the same) ; 
and (d) the very flaggy series of schists (the Glen Docherty series of the 
same). The last, in his view, may possibly be a series of remanie beds 
of Palaeozoic age overlying the limestone, but I incline to consider it 
(though at present I will not venture to speak positively) as representing 
a yet newer Archaean group—as in the case of the schistes lustrees of the 
Alps. How far it is possible to separate these is at present, as in the 
Alps, difficult to pronounce, but if there wei'e au unconformity or overlap 
of the newer upon the older series some of the stratigraphical difficulties 
would certainly disappear. 

In accordance with this view (so far as the above-mentioned distz'ict 
is concerned), the Archaaan rocks are regarded as having been thrown 
into great folds (with a general NW. to SE. strike) by earth-movements 
prior to the Cambrian times; the crowns of the dome-like masses were 
worn away by denudation, and on these were deposited the Torridon sand^ 
stone and other Palmozoic rocks. At the end of this period of sedimenta¬ 
tion came an epoch of mountain-making, the direction of pressure being 
from NW. to SB. (roughly, at right angles to the former), and newer and 
older beds were folded together, and inversions or faults with overthrnst 
were produced on a gigantic scale. We may add that in its general 
characters this Hebridean series presents resemblances to the rocks in the 
Malvernian region, and to the granitoid rocks of Anglesey and Carnarvon¬ 
shire, and is very like (so f'ar as I know them from specimens) to the 
Lower Laurentians of ITorth America (including Greenland). It also 
resembles the coarse gneisses of the Channel Islands, and of several districts 
i|x Europe, including the IJr-gneiss, or protogine of the Alpine chain 
(in which, however, the felspar is usually whitish instead of pinkish, but 
the difference, conspicuous to tbe eye, is of little real moment) ; in fact, the 
lithological and petrological characters of these Hebridean gneisses are 
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tliose of tlie ‘ Fandamenfcal gneisses’ all tiie wopid over—tliafc I know 
anything about. 

The Torridon sandstone is so obviously to a large extent made out of 
the debris of the Hebridean (though materials of newer date may some¬ 
times be observed) that it is needless to go into much detail: it may be 
described briefly as an indurated quartz-felspar grit, varying from coarse 
(even conglomerate or breccia) to moderately fine (grains about 0*1 inch 
diameter); sometimes in small hand specimens it might readily be mis¬ 
taken for a ratber fine-grained granite. The ‘ quartzite ’ varies from a 
hard grit to an extremely consolidated quartzite that breaks with a sub- 
conohoidal fracture, in which the individual grains seem completely ^ fused 
together.’ The colour of the latter varies from a pure white to greyish or 
yellowish or reddish tints—one quartzite being a rich liver colour; under 
the microscope the more compact kinds are seen to be almost wholly formed 
of subangular grains of quartz cemented together by secondary quartz, 
commonly in crystalline continuity with the original grain. The rock 
was probably once a sand derived from the quartz constituent of the 
Hebridean gneisses. The burrows of annelids abound in certain of its 
beds, and an orthoceras has been found. The limestonb varies in litholo¬ 
gical character; in some places it is fawn-coloured and dolomitie, in 
others dark—not unlike any carbonaceous Palaeozoic limestone; it has 
' yielded three species of orthoceras, with several other fossils. The litholo¬ 
gical characters of the Eastern Gneiss have been already described. 

I am compelled, both for w'ant of personal knowledge and of published 
information on which I can rely, to omit the metamorphio rocks of Ireland 
from this sketch; but I may add that the presence of Archaean rocks, in 
at least the north-west, is admitted, and that there is the same difficulty 
as in Scotland of deciding whether a newer metamorphic series is to 
be regarded as of Ordovician or of much earlier date. 

In concluding this brief sketch I may again state that, as I have 
intimate acquaintance in the field with most of the districts on which it 
touches, and have probably examined, if I do not possess, a larger number 
of microscopic slides from their rocks than any other person, it has been 
impossible for me to avoid expressing my own opinion as to controversial 
points; but I believe that the lithological descriptions are in no respect 
coloured by it, and are as accurate as their brevity admits, so that I hope 
the reader may be now able to understand clearly upon what evidence 
so many important rock-masses are transferred from the Cambrian and 
Ordovician groups to the mysterious Archaean Period.^ 

PosTSGExrT, Sept. 1.—It may be of some little interest to mention the 
resemblances between the above-described British rocks and those which 
I have seen since I landed in Canada. I should hardly venture upon 
ihisv seeing that I can only speak at present from a superficial and com- 
paratoely limited knowledge, but that I have had exceptional advantages 
in being accompanied on my excursions either by Sir W. Dawson, Dr. 
Helwyn, Dr, Gimw'ood, or Dr. Harrington, and am already familiar with 
Arehasm rocks in more than one other country. 

The Lower liaurentian, or Dauretitian proper, wherever I have seen 
A%i.efe^y resembles the older gneissic series of Britain, such as the 
. Archsean rocks of the NW. of Scotland, and the more 
of the central Higlilands—in general terms the Loch 

Bn A, Geikie announced that the Murchisonian hypothesis 
had to untenable, “ 
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Maree and Locli Shiel series of Dr. Hicks. Concerning the Upper Lauren- 
tian orNorian series I am not yet prepared to offer an opinion, T believe, 
indeed, that much of it is igneous rock, and so may not avail for pur¬ 
poses of comparison at so great a distance. The other members that I 
have seen do not recall to my memory any of the Scotch rocks. It is 
needless to say that the gabbros of Skye are igneous in origin, and much 
more modern than the norites of the Upper Laurentian. 

The Gaiidoch and Ben Fyn series has a very considerable resemblance 
to a suite of specimens from the White Mountains shown to me by Dr. 
Sterry Hunt, and forming the series called by him Montalban. These, so 
far as I have seen, are not generally well represented in Canada, but I 
think it very probable that it will be found necessary to remove from the 
Huronian certain schists'now provisionally placed at its base, and regard 
these as representatives either of the Montalban group (which litho¬ 
logically is represented by the great zone of Alpine schists at the Val 
Tremola, St. Gothard) or of the immediately overlying zone of schists 
(schistes lusi/rees, Bundnor scJdefer in part, &c.), concerning whose age in 
the Alps such diverse opinions have been entertained. To this group 
the newer schists of the Highlands -are probably related, and some at 
least of the schists of Anglesey and of the south of England—though it 
is possible the metamorphic rocks of Cornwall may be older. 

Some beautiful reddish felstones shown to me by Dr, Sterry Hunt, 
members of the Petrosilex group, are singularly like the felstones at the 
base of the Pebidian of “Wales (Arvonian of Dr. Hicks). The great 
mass of the Canadian Huronian, of which I have now seen many specimens, 
and examined carefully along a section of not a few miles, corresponds 
rather closely'with the great series of slates, grits, agglomerates, and lavas 
which immediately underlies the Cambrian—viz., the Pebidian (with 
the Arvonian of Dr. Hicks). The Huronian is not a highly altered series. 
I feel certain that the microscope will generally disclose its original con¬ 
stituents. I suspect, then, that in many parts of Canada there is an 
enormous break between the Laurentian and Huronian, though here and 
there this may be partially bridged over. Further, if we are to put any 
trust in lithological character as a test of relative age, I hold it impossible 
to consider the Huronian older than the Montalban, or to correlate it 
with the Pietra Verde group of the Alps. I have made no reference to 
the Taoonic group of America, because I have not had the opportunity 
of studying it either in the museum or in the field. 


On the concordcmce of the Molhisca inhabiting both sides of 
the North Atlantic and the intermediate Seas. By J. Gwyn 
Jeffbeys, LL.D.y FM.8. 

[A communication ordered hy the General Committee to be ]^vintQd in esstenso among 

the Eepoits,] 

Dubino a short bnt delightful and interesting visit to ISforth America 
which I made in the summer of 1871, on the invitation of the laments 
Professor Agassiz, for the purpose of examining the Mollusca procured 
by the late Count Pourtales in the Gulf of Mexico, I took the opportunity 
of inspecting also many'other collections of l^orth American Mollus<^ 
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and especially tliat of tbe late Professor Stitnpsoii at CMcago. The kind¬ 
ness of Professor Spencer Baird enabled me to witness the dredgings 
■which were then carried on along the coast of ]!few England under the 
charge of the eminent and still living zoologist, Professor Yerrill, of Yale 
College, 

The result of these examinations was communicated by me to the 
British Association at their Brighton Meeting in the following year, under 
the title of ‘ The Mollusca of Europe compared with those of Eastern 
North America.’ I estimated the former to consist of about 1,000 species 
(viz., 200 land and freshwater, and 800 marine), and the latter to consist 
of about 400 species (viz., 110 land and freshwatei’, and 290 marine) ; 
and I took Mr. Binney’s edition of Professor Gould’s ‘Beport on the 
Invertebrata of Massachusetts,’ published in 1870, as the standard of 
comparison for the American Mollusca. That work gave 401 species, of 
which I considered 41 to be varieties and the young of other species, 
leaving 860 apparently distinct s|)eoies. I reckoned that about 40 species 
might be added in consequence of the later researches of Professor Yerrill 
and Mr. Whiteaves on the coast of New England and in the Gulf of St. 
Lawrence. I may here observe, by way of parenthesis, that the relative 
number of species above mentioned has since been considerably increased, 
both on the European and American continents, although the proportions 
may not be very different. I proceeded to identify 173 out of the 360 
Massachusetts species as European—^viz., land and freshwater 39 (out 
of 110), and marine 134 (out of 250), the proportion in the former case 
being 28 per cent., and in the latter nearly 54 per cent.; and I produced 
a tabulated list in support of my statement. I proposed to account for 
the distribution of the Noith American Mollusca which I had thus 
identified by suggesting that the land and freshwater species might have 
migrated from Europe to Canada through Northern Asia, and that most 
of the marine species might have been transported from the ai-ctic seas by 
the Pavis Strait current southwards to Cape Cod, and the remainder from 
the Mediterranean and eastern coasts of the Atlantic by the Equatorial or 
same other current in a westerly direction. I renewed my objection to the 
tei’m ‘representative species.’ 

There were some unavoidable errors in my list, because I bad not 
sufficient means of making the necessary comparison of American and 
European specimens on the spot, and some allowance must be conceded 
for the well-known difference of opinion among naturalists with regard 
to species and varieties; but I conscientiously believe that the above com¬ 
parative analysis was not far from the mark. All the marine species of 
Mollusca enumerated in the list were what may he now termed inhabitants 
of shallow water, in contradistinction to the deep-sea Mollusca which now 
engage the more special attention of conchologists. 

Since that time, Professor Whiteaves in Canada, and Professor Yerrill 
and Mr. Dali in the United {States, ha-ve in an admirable and complete 
manner worked out and published the Mollusca which have for many years 
past been brought to light by means of the deep-sea explorations made on 
tljat side of the North Atlantic. On the European side sevei'al equally im- 
^peditions, with a similar object, have been also made during the 
by the British, Norwegian, Preach, and Italian Governments; 
Mollusca thus obtained have been published, or ate in course of pub- 
Mj own papers in the ‘ Proceedings of the Zoological Society of 
Iiondon ^ 185^8 to the present year, on the Mollusca of the Lighhiw^ 
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and Porcupine Expeditions, will sliow the distribution of many species of 
such deep-water Mollusca on each side of the North Atlantic, and more 
will follow. To give some idea of the concordance in this distribution, 
I will here give a comparative list of 35 nearly all deep-sea species which 
Professor Yerrill most obligingly sent me in September 1882, with my 
remarks. 


Euro¬ 

pean 

Xames of fspecies 

Remarks 

E. 

Pecten vitrcus (Gmcl.), Wood. No, 1029; 
458 fms. 

Pecten vitreus, Chemnitz, 

E. 

Amnssium fenestratum (F), Jeffreys. 
No. 949 ; 100 fms. 

Amussium fenestratum, Forbes, 
Sculpture of American speci¬ 
mens finer and closer. 

E. 

Limseasubovata, Jeffreys. No. 997; 335fms. 

Lima subovata, Jeffreys. 

E. 

Leda unca, Gould. No. 871; 115 fms. 

Leda fragilis, Chemn. Larger than 
European specimens. 

E. 

Area pectunculoides; var. septentrionalis, 
Sars. No. 958; 310 fms. 

Area pectunculoides, ScaccM; 
var. septentrionalis. 

E. 

Limopsis minuta (Phil.), No. 895 ; 238 
fms. 

Limopsis minuta, Philippi. 

E. 

Cryptodon obesiis, V. No. 918; 45 fms. 

Asinus flexuosus, Montagu, var. 
polygona - 0. biplicatus (after¬ 
wards sinuatus), Philippi. 

E. 

Cryptodon ferruginosum, Forbes. No. 947; 
M 2 fms. 

Axinus ferruginosus, Forbes. 

E. 

Loripes lens, V. & S. No. 873; 100 fms. 

Loripes lacteus, Linn6. 

E. 

Astarte orenata, Gray, (A. lens. St. var.) 
No. 898; 300 fms. 

Astarte crenata, Gray. 

E. 

Poromya granulata (Nyst) F. & H. No. 
949; 100 fms. 

Lyonsiella abyssicola, Sars. No. 947; 
312 fms. 

Poromya granulata, Nyst & Wes- 
tendorif, 

E. 1 

Pecchiolia abyssicola, M. Sars. 

E. : 

Nesera glacialis, G. 0. Sars. No. 894; 
365 fms. 

Nesera obesa, Lov^n; var. 

B. 

Neasra glacialis, G. 0. Sars. No. 998; 
302 fms. 

Nemra obesa, Lov.; var. 

E, 

Neasra multicostata, Y. & S. No. 1038; 
146 fms. 

Neasra striata, Jeffr. 

E. 

Nesera rostrata (Spengler), Loven. No. 
949; 100 fms. 

Nesera rostrata, Spengler, 

E, 

Bentalium occidentale, Stimps. (=;= D. 
abyssoxum, Sars). No. 1025; 216 fms. 

B. striolatum, Stimps.; a strongly 
max‘kecl variety. 

E. 

Bentalium (slender variety). No. 892; 
487 fms. 

Young of last species. 

E. 

Cadulus Fandionis, Y. <Sb S. No. 876; 
120 fms. 

Cadulus Olivi, Scacchi. 

E. 

Lepetella tubicola, V. & S. No. 894; 
365 fms. 

Also Norwegian and Western 
coasts of Africa. 

E. 

Margarita regalis, Y. & S. No. 892; 

' 487 fms, 

Oalliostoma Bairdii, Y. vt S. No. 867; 
64 fms. 

Trochus Ottoi, Philippi. 

Allied to Trochus zizyphinus, L.» 
but unknown to me as Euro¬ 

E. 

Cingula Jan-Mayeni (Friele). No. 894; 

pean, 

Rissoa Jan-Mayeni, Fr., Spits¬ 
bergen, Jan Mayen L, and 
Greenland. Sculpture variable. 


365 fms. 

E. 

Scalaria Balliana, Y. & S. No. 949; 
100 fms. 

Scalaria clathratula, Turton. 

E. 

Turbonilla Kathbunii, Y. &, S. No. 996; 
358 fms. 

Apparently a large form of 
Odostomia rufa, Ph. 
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Euro¬ 

pean 

Names of species 

Remarks 

1 . 

Turbonilla Bushiana, Terrill. No. 802 ; 
487 fms. 

Odostomia magnifica, Soguenza. 

E. 

Eulimellci hmithii, Terrill Ni‘. 017; 
312 fm^. 

Odostomia unifascia ta, Borbes (as 
Eulima). 

E. 

Bulima intermerlia, Cantiaino. No 940 ; 
100 fms. 

Eulima intermedia, Cantr. 

-E-. 

Gerithiella Tliiteavesii, Ten ill No. 997; 
335 fms. 

1 Siplio pubescens, Terrill No. 939; 
258 fms 

Sipbo coelatuSj V. & R No 997; 335 fms. 

Plcurotomella Agas&izii, T. R, No. 894; 
365 fmb., and 947: 327 fms. 

Allied to Ccrithium motulii, Lov, 
Perhaps my 0. gracilis. 

Allied to Fiisus Sabini, Gray, but 
unknown to me as European. 

A species of Fusus, unknown to 
me as European. 

A species of Heurotoma allied to 
r. tumida, Jeffr.; but unknown 
to me as European. 

E. 

AnaeMs costulata (Cantr) No 804; 
365 fms. 

Columbclla haliasoti, Jelf. Can- 
traine's species of Fusus is a 
Pleurotonra. 

E. 

AstyrL diaphaiia, Ternll. No. 876; 
120 fms. 

Colnmbella Holbolli, Mollor-C. 
rosacea, Gould; var. 


Astyris pnra, Terrill. No. 802; 487 fms. 

Unknown to me as European. A 
species of Colnmbella. 

E. 

Ringicula nitirla, I'errill. No. 947; 
312 fms. 

Ringicula leptochila, Brugnono. 

E. 

Scapliander punctostiiatus (Migh,). Ad. 
No. 1025; 21Cfm^ 

Scaphander punctostriatus,Migh. 
& Ad. = S. librarius, Lov. 


Of the above-named 35 species, 30 are Imown to inbabit also the 
European seas, being a much larger percentage than in the case of those 
inland and shallow-water species which I enumerated in my list of 
1872. 

But it is not only in the Mollusca that we find such uniformity 
between the submarine fauna on both sides of the ISTorth Atlantic. An 
excellent paper by my friend, Mr. Herbert Carpenter, ‘ On the Orinoidca 
of the Korth Atlantic between Gibraltar and the Earoe Islands,’ which 
has been published this year in the ^ Proceedings of the Royal Society of 
Edinburgh,^ shows that many species as well as genera of that group of 
the Echinodermata are common to the European and American seas. 

The distribution of deep-sea animals must be accounted for in a 
different way from that which takes place among land animals and 
those which inhabit shallow water. Most if not all of the deop-sea 
animals in their embryonic state swim or move freely, and are wafted by 
marine currents in different directions, so as to traverse gradually and in 
course of time vast tracts of the sea bottom; and this process is con¬ 
tinually repeated. Depth is no obstacle to this intermigration. There 
is no doubt that a cui'rent or movement of the water, although it may 
b6 fexofessiyely slow, exists everywhere at or near the bottom. Otherwise 
the sea might stagnate and perhaps become lifeless, which we know is 
not the case. In the Porcupim expedition of 1870 I dredged off the 
ef Portugal, in 994 fathoms, a mass of shells and other organisms, 
dead, which evidently had been deposited there by the action of 
some tidal br other marine current. This was at a distance of twenty 
or miles from the shore. An account of this dredging will he 

found in tiie ^Proceedings of the Royal Society’ for that year. 
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Judging from an examination of tlie Mollnsca procured by the 
Challenger expedition, I am not disposed to admit the uniformity of the 
Mollnsca which inhabit the deep-sea areas of the Atlantic and Pacific 
oceans throughout the globe. 

I hope that these notes, although short and imperfect, may be the 
means of eliciting the opinions of those naturalists who take an interest 
in the important question of the extent and mode of distribution of 
marine animals. I regret exceedingly that other engagements will pre¬ 
vent my personally taking part in tho discussion. 

P.S.—Since writing the above I have received, through the kindness 
of Professor Verrill, his ‘ Second Catalogue of Mollnsca recently added to 
the Fauna of the New England Coast, and the adjacent parts of the 
Atlantic, consisting mostly of deep-sea species, with notes on others pre¬ 
viously recorded.’ This catalogue was published in the ‘ Transactions 
of the Connecticut Academy ’ for April, May and June, 1884. Twenty- 
seven European species (most of which were described by me) have now 
been recognised by Verrill as also inhabiting the American side of the 
North Atlantic, and probably some mor6 of the species in his Catalogue,- 
as well as many of those iU my own papers, may have to be ultimately 
placed in the same category. 


On the Chamoteristics of the North Aonericari Flora. 

By Professor Asa Gray. 

[A commtinication ordered by the General Committee to be printed m extmso among 

the Reports.] ; 

Wremt the British Association, with much painstaking, honours and grati-* 
fies the cultivators of science on this side of the ocean by meeting on 
American soil, it is but seemly that a corresponding member for thethM 
of a Century should endeavour to manifest his interest in the occasion and 
to render some service, if he can, to his fellow-naturalists iu Section D. 
I would attempt to do so by pointing out, in a general way, some of the 
characteristic features of the vegetation of the country which they have 
come to visit,—a country of ^ magnificent distances,’' but of which some 
vistas may be had by those who can use the facilities which are offered 
for enjoying them, -Even to those who cannot command the time for dis¬ 
tant excursions, and to some who may know little or nothing of botany, 
the sketch which I offer may not be altogether uninteresting. Bat I 
naturally address myself to the botanists of the Association, to those who, 
having crossed the wide Atlantic, are now invited to proceed westward 
over an almost equal breadth of laud; some, indeed, have already 
journeyed to the Pacific coast, and have returned ; and not a few, it is 
hoped, may accept the invitation to Philadelphia, where a warm wel- 
come awaits them—warmth of hospitality, rather than of summer tem¬ 
perature, let us hope; but' Philadelphia is proverbial for both. ThCre 
Opportunities may be afforded for a passing acquaintance with thebobahy 
cf the Atlantic border of the United States, in company with the botanists 
the American Association, who are expected to muster in Ml force; ^ * 
What may be asked of me, then, is to portray certain outlines of the 
'vegetation of the' United States aUd the Canadian Dominion, as con- 
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trasted with that of Europe: perhaps also to touch upon the causes or 
anterior conditions to which much of the actual differences between the 
two floras may be ascribed. For, indeed, however interesting or curious 
the facts of the case may be in themselves, they become far more instruc¬ 
tive when we attain to some clear conception of the dependent relation 
of the present vegetation to a preceding state of things, out of which it 
has come. 

As to the Atlantic border on which we stand, probably the first im¬ 
pression made upon the botanist or other observer coming from G-reat 
Britain to ITew England or Canadian shores, will be the similarity of 
what he here finds with what he left behind. Among the trees the white 
birch and the chestnut will be. identified, if not as exactly the same, yet 
with only slight differences—differences which may be said to be no more 
essential or profound than those in accent and intonation between the 
British speech and that of the ‘ Americans.* The differences between 
the beeches and larches of the two countries are a little more accentuated; 
and still more those of the hornbeams, elms, and the nearest resembling 
oaks. And so of several other trees. Only as you proceed westward 
and southward will the differences overpower the similarities, which still 
are met with. 

In the fields and along open roadsides the likeness seems to be greater. 
But much of this likeness is the unconscions work of man, rather than of 
Nature, the reason of which is not far to seek. This was a region 
of forest, upon which the aborigines, although they here and there 
opened patches of land for cultivation, had made no permanent encroach¬ 
ment. Not very much of the herbaceous or other low undergrowth of 
this forest could bear exposure to the fervid summer’s sun; and the 
change was too abrupt for adaptive modification. The plains and prairies 
of the great Mississippi Yalley were then too remote for their vegetation, 
to compete for the vacancy which was made here when forest was changed 
to grain-fields and then to meadow and pasture. And so the vacancy 
came to be filled in a notable measure by agrestial plants from Europe, 
the seeds of which came in seed-grain, in the coats and fleece and in the 
imported fodder of cattle and sheep, and in the various but not always 
apparent ways in which agricultuial and commercial people unwittingly 
convey the plants and animals of one country to another. So, while an 
agricultural people displaced the aborigines which the forests sheltered 
and nourished, the herbs, purposely or accidentally brought with them, 
took possession of the clearings, and prevailed more or less over the 
native and rightful heirs to the soil,—not enough to supplant them, 
indeed, but enough to impart a certain adventitious Old World aspect to 
ihe fields and other open grounds, as well as to the precincts of habita¬ 
tions. In spring-time you would have seen the fields of this district 
yellow with European buttercups and dandelions, then whitened with 
ox-eye daisy, and at midsummer brightened by the cerulean blue of 
chicory, I can hardly name any native herbs which m tJie fields and at 
the season can vie with these intruders in floral show. The common 
^rbe^y of the Old World is an early denizen of New England. The tall 
of a wholly alien race, shoots up in eveiy pasture and new clear- 
I0^;;;i8^(^naipanied by the common thistle, while another imported thistle, 
the States * the Canada thistle,* has become a veritable 
nnisapBe^ at which much legislation has been levelled in vain. 

According to tradition the wayside plantain was called by the 
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American Indian ‘ White-Man’s foot,’ from its springing np wherever 
that foot had boon planted. But there is some reason for suspecting that 
the Indian's ancestors brought it to this continent. Moreover there is 
another I'cason for surmising that this long-accepted tradition is factitious. 
For there was already in the country a native plantain, so like Flantago 
major that the botanists have only of late distinguished it. (I acknow¬ 
ledge niy share in the oversight.) Possibly, althongh the botanists were 
at fault, the aborigines may have known the difference. The cows are 
said to know it. Por a brother botanist of long experience tells me that, 
where the two grow together, cows freely feed upon the undoubtedly 
native species, and leave the naturalized one untouched. 

It has been maintained that the ruderal and agrestial Old World 
plants and weeds of cultivation displace the indigenous ones of newly- 
settled countries in virtue of a strength which they have developed 
through survival in the struggle of ages, under the severe comj^etition 
incident to their former migrations. And it does seem that most of the 
pertinacious weeds of the Old World which have been given to us may 
not be indigenous even to Europe, at least to W^esbeim Europe, but 
belong to campestrine or unwooded regions farther east; and that, 
following the movements of pastoral and agricultural people, they may 
have played somewhat the same part in the once forest-clad Western 
Europe that they have been playing here. But it is unnecessary to build 
much upon the possibly fallacious idea of increased sti’ength gained by 
competition. Opportunity may count for more than exceptional vigour ; 
and the cases in which foreign plants have shown such superiority are 
mainly those in which a forest-destroying people have brought upon 
newly-bared soil the seeds of an open-ground vegetation. 

The one marked exception that I know of, the case of recent and 
abundant influx of this class of Old World plants into a naturally treelessj 
region, supports the same conclusion. Our associate, Mr. John Ball, has 
recently called attention to it. The pampas of south-eastern South 
America beyond the Bio Colorado, lying between the same parallels of 
latitude in the South as Montreal and Philadelphia in the North, and 
with climate and probably soils fit to sustain a varied vegetation, and even 
a fair proportion of forest, are not only treeless, bub excessively poor in 
their herbaceous flora. The district has had no trees since its com¬ 
paratively recent elevation from the sea. As Mr. Darwin long ago inti¬ 
mated : ‘ Trees are absent not because they cannot grow and thrive, but 
because the only country from which they could have beeu derived— 
tropical and sub-tropical South America—could not supply species to suit 
the soil and climate.’ And as to the herbaceous and fruitescent species, 
to continue the extract from Mr. Ball’s instructive paper recently pub¬ 
lished in the Linnean Society’s Journal, ‘in a district raised from the 
sea during the latest geological period, and bounded on the west by a 
great mountain x’ange mainly clothed with an alpine flora requiring the 
protection of snow in winter, and on the north by a warm-temperate 
region whose flora is^ mainly of modified sub-tropical oxngin—the only 
plants that conld occupy the newlj< formed regiou were the comparatively 
few which, though developed under very different conditions, were suflSi- 
ciently tolerant of change to adapt themselves to the new environment. 
The jflora is poor, not because the laud cannot support a richer one, but 
because the only regions from which a large population could be derived 
are inhabited by races unfit for emigration.’ 
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Singularly enougli, this deficiency of herbaceous plants is being sup¬ 
plied from Europe, and the incomers are spreading ■with great I’apidity; 
for lack of other forest material even apple-trees are running wild and 
forming extensive groves. Men and cattle are, as usual, the agents of 
dissemination. But colonizing plants ai’e filling, in this instance, a vacancy 
which was left by nature, while ours was made by man. We may agree 
with Mr. Ball in the opinion that the rapidity with which the intrusive 
plants have spread in this part of South America ‘ is to be accounted for 
less by any special fitness of the immigrant species, than by the fact that 
the ground is to a great extent unoccupied.’ 

‘The principle applies here also; and, in general, that it is opportunity 
rather than specially acquired vigour that has given Old-World weeds a:i 
advantage may be inferred from the behaviour of our weeds indigenous 
to the country, the plants of the unwooded districts—prairies or savannas 
west and south, which, now that the way is open, are coming in one by 
one into these eastern parts, extending their area continually, and holding 
their ground quite as pertinaciously as the immigrant denizens. Almost 
every year gives new examples of the immigration of campestrine western 
plants into the Eastern States. They are well up to the spirit of the age; 
they travel by railway. The seeds are transported, some in the coats of 
cattle and sheep on the way to market, others in the food which supports 
them on the joumey, and many in a way which you might not suspect, 
until you consider that these great roads run east and west, that the 
prevalent winds are from the west, that a freight-train left unguarded was 
not long ago blown on for more than one hundred miles before it could 
he stopped, not altogether on down grades, and that the bared and mostly 
unkempt borders of these railways form capital seed-beds and nursery 
grounds for such plants. 

Eeturning now from this side-issue, let me advert to another and, I 
judge, a very pleasant experience which the botanist and the cultivator 
may have on first visiting the American shores. At almost every step ho 
comes upon old acquaintances, upon shrubs and trees and flowering herbs 
mostly peculiar to this country, but with which he is familiar in the 
grounds and gardens of his home. Great Britain is especially hospitable 
to American trees and shrubs. There those both of the eastern and 
western sides of our continent flourish side by side. Here they almost 
wholly refuse such association. But the most familiar and longest* esta¬ 
blished representatives of our flora (certain western annuals excepted) were 
drawn from the Atlantic coast. Among them are the Virginia cr'cepcr 
or ampelopsis, alnaost as commonly grown in Europe as here, and which, 

I think, displays its autumnal crimson as brightly there as along the 
borders of its native woods where you will everywhere meet with it; the 
red and sugar maples, which give the notable autumnal glow to’ our 
northern woods, hut rarely make much show in Europe, perhaps for lack 
of sharp contrasts between summer and autumn; the ornamental erica- 
ceous shrubs, kalmias azaleas, rhododendrons, and the like, specially 
called American plants in England, although all the rhododendrons of 

finer sort are half Asiatic, the hardy American species having been 
and recrossed with more elegant but tender Indian species, 

» somewhat of the delight with which an American 

ipfe wild primroses and covVsiips and foxgloves and daisies in 

enjoyed by the European botanist when he comes upon 
ourtnilimnsund sangttinaria,cypripediums and dodeeatheon, our species 
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of phlox, coreopsis, &c., so familiar in his gardens; or, when, crossing 
the continent, he comes upon large tracts of ground yellow with esclS 
scholtzia or blue with nemophilas. But with a sentimental difference; in 
that primroses, daises and heaths, like nightingales and larks, are ^in- 
wrought into our common literature and poetry, whereas our native 
flowers and birds, if not altogether unsung, have attained at the naost to 
only local celebrity. 

Turning now from similarities, and from that which interchange has 
made familiar, to that which is different or peculiar, I suppose tnat an 
observant botanist upon a survey of the Atlantic border of ]Nrorth America 
(which naturally first and mainly attracts onr attention) would be im- 
pressed by the comparative wealth of this flora in trees and shrnbs. Kot 
so much so in the Canadian dominion, at least in its eastern part; bnt 
even here the difference will be striking enough on comparing Canada with 
Great Britain. 

The coniferu), native to the British Islands, are one pine, one juniper, 
and a yew; those of Canada proper are four or five pines, four firs, a 
larch, an arbor-vitte, three junipers, and a yew,—fourteen or fifteen to 
three. Of amentaceous trees and shrubs, Great Britain counts one oak 
(in two marked forms), a beech, a hazel, a hornbeam, two bii»ches, an 
alder, a myrica, eighteen willows, and two poplars,—^twenty-eight species 
in nine genera, and nnder four natural orders. In Canada there are at 
least eight oaks, a chestnut, a beech, two hazels, two hornbeams of distinct 
genera, six birches, two alders, about fourteen willows and five poplars, 
also a plane tree, two walnuts and four hickories; say forty-eight species, 
in thirteen genera, and belonging to seven natural orders. The comparison 
may not be altogether fair; for the British flora is exceptionally poor, even 
for islands so situated. But if we extend it to Scandinavia, so as to have 
a continental and an equivalent area, the native coniferse would be 
augmented only by one fir, the amentaceae by several more willows, a 
poplar, and one or two more birches;—^no ad(£tional orders nor genera. 

If we take in the Atlaiatio United States, east of the Mississippi, and 
compare this area with Europe, we should find the species and the types 
increasing as we proceed southward, but about the same numerical pro¬ 
portion would hold. 

But, more interesting than this numerical preponderance—which is 
practically confined to the trees and shrubs—will be the extra-European 
typos, which, intermixed with familiar old-world forms, give peouHar 
features to the North American flora,—^features discernible in Canada, bnt 
moi’c and more prominent as wo proceed southward. Still confining our 
smwey to the Atlantic district, that is, without crossing the Mississippi, 
the following are among the notable points:— 

1. Leguminous trees of peculiar types. Europe abounds in leguminous 
shrubs or under-shrubs, mostly of the Genisteous tribe, which is wanting 
in all North America, but has no leguminous tree of more pretence than 
the cerois and laburnum. Our Atlantic forest is distinguished by acercis 
of its own, three species of locust, two of them fine trees, and two honey 
locusts, the beautiful cladrastis, and the stately gymnodadus. Only the 
cercis has any European relationship. For relatives of the others ‘ we 
must look to the Chino-Japanese region. 

2. The great development of the Ericaceae (taking the order in its 
widest sense), along with the absence of the ericeous tiube, that is, of the 
heaths themselves. We possess on this side of the_^Mississippi thirty 
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genera and not far from ninety species. All Europe lias only seventeen 
genera and barely fifty species. We have most of tbe actual European 
species, excepting tbeir rhododendrons and their heaths,—and even the 
latter are represented by some scattered patches of calluna, of which it may 
be still doubtful whether they are chance introductions or sparse and scanty 
survivals; and besides we have a wealth of peculiar genei'a and species. 
Among them the most notable in an ornamental point of view are the 
rhododendrons, azaleas, kalmias, andromedas, and clethras; in botanical 
interest, the endemic Monotropeae, of which there is only one species in 
Europe, but seven genera in North America, all but one absolutely 
peculiar; and in edible as well as botanical interest, the unexampled de¬ 
velopment and diversification of the genus vacoinium (along with the 
allied American type, gaylussacia) will attract attention. It is interesting 
to note the rapid falling away of ericacem westward in the valley of the 
Mississippi as the forest thins out. 

3. The wealth of this flora in composite is a most obvious feature; 
one especially prominent at this season of the year, when the open 
grounds are becoming golden with solidago, and the earlier of the 
autumnal asters are beginning to blossom. The composite form tbe 
largest order of phsenogamous plants in all temperate floras of the northern 
hemisphere, are well up to the average in Europe, but are nowbero so 
numerous as in North America, where they form an eighth part of the 
whole. But the contrast between tbe compositse of Europe and Atlantic 
North America is striking. Europe runs to thistles, to inuloideco, to 
anthemideac, and to cichoriaceas. It has very few asters and only two 
solidagos, no sunflowers and hardly anything of that tribe. Our Atlantic 
flora surpasses all the world in asters and solidagos, as also in sunflowers 
and their various allies, is rich in eupatoriacem, of which Europe has 
extremely few, and is well supplied with vernoniacem and helonioidem of 
which she has none; but is scanty in all the groups that predominate in 
Europe. I may remark that if our larger and most troublesome genera, 
such as solidago and aster, were treated in our systematic works even in 
the way that Nyman has treated bieracium in Europe, the species of 
these two genera (now numbering 78 and 124 respectively) would be at 
least doubled. 

4. Perhaps the most interesting contrast between the flora of Europe 
and that of the eastern border of North America is in the number of 
generic and even ordinal types here met with whicb aro w^holly absent 
firom Eui’ope. Possibly wo may distinguish these into two sets of diflering 
history. One will represent a tropical element, moi^e or less transformed, 
which has probably acquired or been able to hold its position so far north 
in virtue of high summer temperature. (In this whole survey the penin¬ 
sula of Florida is left out of view, regarding its botany as ossentiallj 
Babaman and Cuban, with a certain admixture of northern elements.) 
To the first type I refer such trees and shrubs as asimina, sole represen¬ 
tative of the anonacea out of the tropics, and reaching even to lat. 42^; 
ohrysobalanus, representing a tropical sub-order; pinokney a representing 
I# far north as Georgia the cinchoneous tribe; the baocharis of onr coast 

, even to New England ; cyrilla and cliftonia, the former actually 

V^indian; bumelia, representing the tropical order sapotacese; bignonia 
of the bignoniacess; forestiera in oleacees; persea of the 
fin^dly the cactacesB. Among the herbaceous plants of this 
set^ I wIB only to some of peculiar orders. Among them I 
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reckon sarracenia (of whicli the only exira-lSTorth American representative 
is tropical-American), the melastomacem, represented by rhexia; passiflora 
(our species being herbaceous), a few representatives of loasacese and 
turneraccce, also of hydrophyllacese; our two genera of burmanniacese ; 
three genera of hooinodoracea); tillandsia in bromeliacese ; two genera of 
pontederiaccm; two of commelynacem *, the outlying mayaca and xyris, 
and three genera of criocanlonacca3. I do not forget that one of our 
species of eriocaulon occurs on the west coast of Ireland and in Skye, 
wonderfully out of place, though on this side of the Atlantic it reaches 
Newfoundland. It may be a survival in the Old World; but it is more 
probably of chance introduction. 

The other set of extra-European types, characteristic of the Atlantic 
North American flora, is very notable. According to a view which I have 
much and for a long while insisted on, it may be said to represent a 
certain portion of the once rather uniform flora of the arctic and less 
boreal zone, from the late tertiary down to the incoming of the glacial 
period, and which, brought down to our lower latitudes by the gradual 
i'efrigeration, has been preserved here in eastern North America and in 
the corresponding parts of Asia, but was lost to Europe. I need not re¬ 
capitulate the evidence upon wlaich this now generally accepted doctrine 
was founded; and to enumerate the plailts which testify in its favour 
would amount'to an enumeration of the greater part of the genera or 
subordinate groups of plants which distinguish our Atlantic flora from 
that of Jilm’ope. The evidence, in brief, is that the plants in question, or 
their modei’ately differentiated representatives, still co-exisfcin the flora of 
eastern North America and that of the Ohino-Japanese region, the climates 
and conditions of which are very similar; and that the fossilised repre¬ 
sentatives of many of them have been brought to light in the late tertiary 
deposits of the arctic zone wherever explored. In mentioning some of 
the plants of this category I include the magnolias, although there are no 
nearly identical species, but there is a seemingly identical iiriodendrpn in 
China, and the schizandras and illiciums are divided between the two 
floras; and I put into the list menispermum, of which the only other 
species is eastern Siberian, and is hardly distinguishable from ours.^ When 
you call to mind the series of wholly extra-European types which are 
identically or approximately represented in the eastern North American 
and in the eastern Asiatic temperate floras, such as trautvetteria and 
hydrastis in ranunculacem; caulophyllum, diphylleia, jeffersonia and 
podophyllum in berboridem; brasenia and nelumbium^ in nymphmacese; 
stylophorum in papaveracem; stnartia and gordonia in ternstromiace^ ; 
the equivalent species of xanihoxylum, the equivalent and identical species 
of vitis, and of the poisonous species of rhus (one, if not both, of which 
you may meet with in every botanical excui'sion, and which it will be safer 
not to handle) ; the horse-chestnuts, here called buckeyes; the negundo, 
a peculiar oflf-shoot of the maple tribe; when you consider that almost 
every one of the peculiar leguminous trees mentioned as characteristic of 
onr flora is represented by a species in China or Manchuria or Japan, and 
so of some herbaceous leguminosse; when you remember that the peculiar 
small order of which calycanthus is the principal type has its other repre¬ 
sentative in the same region; that the species of philadelphns, or 
hydrangea, of itea, astilbe, hamamelis, diervilla, triosteum, miteheUa, 
which carpets the ground under evergreen woods, chiogenes creeping 
over the shaded bogs; epigsea, choicest woodland flower of early spring; 
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elliottia; sliorfcia (the curious history of which I need not rehearse) ; 
styrax of cognate species; nyssa, the Asiatic representatives of which 
affect a warmer region; gelsemium, which under the name of jessamine 
is the vernal pride of the southern Atlantic States ; pyrulaiua and buckleya, 
peculiar santalaceous shrubs; sassafras and benzoines of the laurel family ; 
planera and naaclura; pachysandra of the box tribe j the great develop¬ 
ment of the juglandaceas (of which the sole representative in Europe 
probably was brought by man into south-eastern Europe in prc-historic 
times); our hemlock-spruces, arbor-vitse, chamjecyparis, taxodium and 
torreya, with their east Asian counterparts, the roxburghiaceoe, represented 
by croomia—and I might much farther extend and particularise the 
enumeration— jou will have enough to make it clear that the peculiarities 
of the one flora are the peculiarities of the other, and that the two are in 
striking contrast with the flora of Europe. 

This contrast is susceptible of explanation. I have ventured to regard 
the two antipodal floras thus compared as the favoured heirs of the ante- 
glacial high northern flora, or rather as the heirs who have retained most 
of their inheritance. Eor inasmuch as the present arctic flora is essentially 
the same round the world, and the tertiary fossil plants entombed in the 
strata beneath are also largely identical in all the longitudes, we may well 
infer that the ancestors of the present northern temperate plants were as 
widely distributed throughout their northern home. In their enforced 
migration sonthward geographical configuration and climatic differences 
would begin to operate. Perhaps the way into Europe was less open 
than into the lower latitudes of America and eastern Asia, althongh there 
is reason to think that Greenland was joined to Scandinavia. However 
that be, we know that Europe was fairly well furnished with many of the 
vegetable types that are now absent, possibly with moat of them. Those 
that have been recognised are mainly trees and shrubs, which somehow 
take most readily to fossilization, hut the herbaceous vegetation probably 
accompanied the arboreal. At any rate, Europe then possessed torreyas 
and gingkos, taxodium and glyptostrobus, libocedrus, pines of our five¬ 
leaved type, as well as the analogues of other Ameiucan forms, several 
species of juglans answering to the American forms, and the now pecu¬ 
liarly American genus carya, oaks of the American types, myrioas of tte 
two American types, one or two planer-trees, species of populus answering 
to our cotton-woods and our balsam-poplar, a sasafras and the analogues 
of our persea and benzoin, a catalpa, magnolias and a liriodondron, 
maples answering to ours, and also a negundo, and such peculiarly 
American leguminous genera as the locust, honey locust, and gymno- 
cladus. To understand how Europe came to lose these elements of her 
flora, and Atlantic North America to retain them, we must recall the 
poverty of Europe in native forest trees, to which I have already alluded- 
A few years ago, in an article on this subject, I drew up a sketch of the 
relative richness, of Europe, Atlantic North America, Pacifiic North 
America, and the eastern side of temperate Asia in genera and species of 
foT^st trees.^ In that sketch, as I am now convinced, the European 
elements were somewhat underrated. I allowed only 33 genera 
85 specieB, while to our Atlantic American forest were assigned 66 
155 specieSi, I find from Nyman’s * Conspectus ’ that there are 
tre^ sc^thern and eastern borders of Europe which I had omitted, 

* Amer, Johtji* ScL, III. xvi. S5. 
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that there ai^e good species which I had reckoned as synonyms, and some 
that may rise to arboreal height which I had counted as shrubs. But, on 
the other hand, and for the present purpose, it may be rejoined that the 
list contained several trees, of as many genera, which were probably 
canned from Asia into Europe by the hand of man. On Kynaan*s authority 
1 may put into this category cercis silicj[tiastrum, ccratonia siliqua, 
diospyros lotus, styrax officinalis, tho olive, and even the walnut, the 
chestnut, and the cypress. However this may be, it seems clear that the 
native forest flora of Europe is exceptionally poor, and that it has lost 
many species and types which once belonged to it. We must suppose 
that the herbaceous flora has suflei'ed in the same way. I have en¬ 
deavoured to show how this has naturally come about. I cannot state it 
more concisely than in the terms -which I used six years ago. 

‘ I conceive that three things have conspired to this loss of American, 
or, as we might say, of noi'mal, types sustained by Europe. Eirst, Europe, 
extending but little south of lat. 40°, is all -within the limits of severe 
glacial action. Second, its mountains trend east and -west, from the 
Pyrenees to the Carpathians and the Caucasus beyond : they had glaciers 
of their own, which must have begun their work and poured down the 
northward flanks while the plains were still covered with forest on the 
retreat from the great ice forces coming from the north. Attacked both 
on front and rear, much of the forest must have perished then and 
there. 

- Third, across the line of retreat of whatever trees may have flanked 
tho mountain ranges, or were stationed south of them, stretched the 
Mediterranean, an impassable barrier. . . Escape by the east, and rehabi¬ 
litation from that quarter until a very late period, was apparently prevented 
by the prolongation of the Mediterranean to the Caspian, and probably 
thence to the Siberian Ocean. If we accept the supposition of Horden- 
skidld that, anterior to the Glacial period, Europe was bounded on the 
south by an ocean extending from the Atlantic over the present deserts of 
Sahara and Central Asia to the Pacific,” all chance of these American 
types having escaped from and re-entered Europe from the south and east 
seems excluded. Europe may thus be conceived to have been for a time 
somewhat in the condition in which Greenland is now, . Greenland 
may be referred to as a country which, having undergone extreme 
glaciation, bears the marks of it in the extreme poverty of its flora, and 
in the absence of the plants to which its southern portion, extending six 
degrees below the arctic circle, might be entitled. It ought to have trees, 
and it might support them. But since their destruction by glaciation no 
way ban been open for their return. Europe fared much better, hut has 
suffered in its degree in a similar way.’^ 

Turning to this country for a contrast, we find the continent on the 
eastern side unbroken and open from the arctic circle to the tropic, and 
tb© mountains running north and south. The vegetation when pressed 
on the north by on-coming refrigeration had only to move its southern 
border southward to enjoy its normal climate over a favourable region of 
great extent; and, upon the recession of glaciation to the preseutlimit, or 
in the oscillations which intervened, there was no physical impediment 
to the adjustment. Then, too, the more southern latitude of this country 
gave great advantage over Europe. The line of terminal moraines, which 

* Afiwr. tfoiirn. Sei.i IIT., 1. c., 191. 
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marks tke limit of glaciation, rarely'passes tke parallel of 40° or 39°. Nor 
have any violent changes occurred here, as they have on the Pacific side 
of the continent, within the period under question. So, while Europe 
was sufiering hardship, the lines of our Atlantic American flora were cast 
in pleasant places, and the goodly heritage remains essentially un¬ 
impaired. 

The transverse direction and the massiveness of the mountains of 
Europe, while they have in part determined the comparative poverty of 
its forest-vegetation, have preserved there a rich and widely distributed 
Alpine flora. That of Atlantic North America is insignificant. It consists 
of a few arctic plants, left scattered upon narrow and scattered mountain- 
tops, or in cool ravines of moderate elevation; the maximum altitude is 
only about G,000 feet in lat, 44°, on the White Monnuains of New Hamp¬ 
shire, where no winter snow outlasts raidsninmer. The best Alpine 
stations are within easy reach of Montreal. But as almost every species 
is common to Europe, and the mountains are not magnificent, they offer 
no great attraction to a European botanist. 

Farther south, the Appalachian Mountains are higher, between lat. 
36° and 34° rising considerably above 6,000 feet; they have botanical 
attractions of their own, but they have no Alpine plants. A few sub- 
Alpine species linger on the cool shores of Lake Superior, at a compai^a- 
tively low level. Perhaps as many are found nearly at the level of the sea 
on Anticosti, in the Gulf of St. Lawrence, abnormally cooled by the 
Labrador current. 

The chain of great fresh-water lakes, which are discharged by the 
brimming St. Lawrence, seems to have little effect upon our botany, 
beyond the bringing dowm of a few north-western species. But you may 
note with interest tbat they harbour sundry maritime species, mementos 
of the former saltness of these interior seas. Cakile Americana, much 
like the European sea rocket, Hudsonia tomentosa (a peculiar cistacions 
genus imitating a heath), lathyrus maritimus, and ammophila arenaria 
are the principal. Salicornia, glaux, soirpus maritimus, ranunculus 
cymbalaria, and some others may be associated with them. But these 
are widely diffused over the saline soil which characterises the plains 
beyond our wooded region. 

I have thought that some general considerations like these might have 
more interest for the biological section at large than any particular indi¬ 
cations of our most interesting plants, and of how and where the botanist 
might find them. Those who in these busy days can find time to herborise 
will be in the excellent hands of the Canadian botanists. At Philadel¬ 
phia their brethren of ‘the States' will be assembled to meet their 
visitors, and the Philadelpliians will escort them to their classic ground, 
the Pine Barrens of New Jersey, To have an idea of this peculiar phy- 
togeegraphieal district, you may suppose a long wedge of the Carolina coast 
to be thrust up northward quite to New York harbour, bringing into a 
comparatively cool climate many of the interesting lovv-counti'y plants of 
the South, which, at this season, you would not care to seek in their 
proper home. Years ago, when Pursh and Leconte and Torrey 
used to visit it, and in my own younger days, it was wholly primitive 
and tins|K3ikd. Now, when the shore is lined with huge summer hotels, 
the pitch pines carried off for firewood, the bogs converted into cranberry- 
grounds, and much of the light sandy or gravelly soil planted with vine¬ 
yards or converted into melon and sweet-potato patches, I fear it may 
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liave lost some of its botanical attractions. But large tracts are still 
nearly in a state of nature. Drosera fiUformis, so unlike any European 
species, and the beautiful sabbatias, tbe yellow-fringed orchises, lach- 
nanthes and lophiola, the larger xyrises and eriocaulons, the carious 
grass amphicarpum with cleistogamous flowers at the root, the showy 
species of chrysopsis, and many others must still abound. And every 
botanist will wish to collect schizoea pusilla, rarest, most local, and among 
the smallest of ferns. 

If only the season would allow it, there is a more southern station of 
special interest,—Wilmington, on the coast of North Carolina. Car- 
nivoi’ous plants have, of late years, excited the greatest interest, both 
popular and scientific, and here, of all places, carnivorous plants seem to 
have their most varied development. For this is the only and the very 
local home of dionoca; here grow almost all the North American species 
of drosera: here, near by, are most of the species of sarracenia, of the 
bladder-bearing utricularias,—one of which the President of our sec¬ 
tion has detected in fish-catching,—and also the largest species of pin- 
guicula. 

But at this season a more enjoyable excursion may he made to the 
southern portion of the Alleghany or Appalachian mountains, which 
separate the waters of the Atlantic side from those of the Mississippi. 
These mountains are now easily reached from Philadelphia. In Pennsyl¬ 
vania, where they consist of parallel ridges without peaks or crests, and 
are of no great height, they are less interesting botanically than in 
Virginia; but it is in North Carolina and the adjacent borders of 
Tennessee that they rise to their highest altitude, and take on more pic¬ 
turesque forms. On their sides the Atlantic forest, especially its deciduous¬ 
leaved portion, is still to be seen to greatest advantage, nearly in pristine 
condition, and composed of a greater variety of genera and species than in 
any other temperate region, excepting Japan. And in their shade are the 
greatest variety and abundance of shrubs, and a good share of the most 
peculiar herbaceous genera. This is the special home of our rhododen¬ 
drons, azaleas, and kalmias; at least here they flourish in greatest 
number and in most luxuriant growth. Bhododendron maximum (which 
is found in a scattered way even as far north as the vicinity of Montreal) 
and kalmia latifolia (both called laurels) even become forest trees in some 
places; more commonly they are shrubs, forming dense thickets on steep 
.mountain-sides, through which the traveller can make his way only by 
following old bear-paths, or by keeping strictly on the dividing crests of 
the loading ridges. 

Only on the summits do we find rhododendron catawbiense, parent 
o£ so many handsome forms in English grounds, and on the higher 
wooded slopes the yellow and the flame-coloured azalea calendulacea; on 
the lower, the pink A. nudiflora and more showy A. arborescens, along 
with the common and widespread A. viscosa. The latter part of June is 
the proper time to explore this region, and, if only one portion can be 
visited, Roan Mountain should be preferred. 

On these mountain tops we meet with a cuinous anomaly in geo¬ 
graphical distribution. With rarest exceptions, plants which are common 
to this country and to Europe extend well northward. But on these 
summits from southern Virginia to Carolina, yet nowhei’e else, we find— 
undoubtedly indigenous and undoubtedly identical witb the European 
species—the lily-of-the-valley. 
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I have given so muck of my time to the botany of the Atlantic border 
that I can barely touch upon that of the Western regions. 

Between the wooded country of the Atlantic side of the continent and 
that of the Pacific side lies a vast extent of plains which are essentially 
woodless, except where they are traversed by mountain-chains. The 
prairies of the Atlantic States bordering the Mississippi and c»f tbe 
Winnipeg country shade off into the drier and gradually more saline 
plains which, with an even and gradual rise, attain an elevation of 5,000 
feet or more where they abut against the Pocky Mountains. Until these 
are reached (over a space from the Alieghanies westward of about twenty 
degrees of longitude) the plains are unbroken. To a moderate distance 
beyond the Mississippi the country must have been in tbe main naturally 
wooded. There is rainfall enough for forest on these actual prairies. 
Trees grow fairly well when planted; they are coming up spontaneously 
under present opportunities; and there is reason for thinking that all 
the prairies east of the Mississippi, and of the Missouri up to MirincKSota, 
have been either greatly extended or were even made treeless under Indian 
occupation and annual burnings. These prairies ai’e flowery with a good 
number of characteristic plants, many of them evidently derived from the 
plains farther west. At this season, the predominant vegetation is of com- 
positse, especially of asters and solidagos, and of sunflowers, silphiums, 
and other helianthoid composite. 

The drier and barer plains bej’ond, clothed with the short buffalo- 
grasses, probably never hore trees in their present state, except as now 
some cottonwoods (t.e., poplars) on the margins of the long rivers which 
traverse them in their coarse from the Kooky Mountains to the Mississippi. 
Westward, the plains grow more and more saline; and wormwoods and 
chenopodiacese of various sorts form the dominant vegetation, some of 
them mi generU or at least peculiar to the country, others identical or 
congeneric with those of the steppes of northern Asia. Along wfith this 
common campestrine vegetation, there is a large infusion of peculiar 
American types, which I suppose came from the southward, and to which 
I will again refer. 

Then come the Eooky Mountains, traversing the whole continent from 
north to south; their flanks wooded, but not richly so, chiefly with pines 
and firs of very few species, and with a single ubiquitous poplar, their 
higher crests hearing a well-developed Alpine flora. This is the arctic 
flora prolonged southward upon the mountains of sufficient elevation, 
with a certain admixture in the lower latitudes of types pertaining to the 
lower vicinity. 

There are almost 200 Alpine phmnogamous species now known on the 
Booky Mountains; fully three-quarters of which are Arctic, including 
Alaskan and Greenlandian ; and about half of them are known in Europe. 
Several others are Korth Asian but not European. Even in that northern 
portion of the Boeky Mountains which the Association is invited to visit, 
^veral Alpine species novel to European botany may be met with; and 
farther south the peculiar forms increase. On the other hand, it is 
iMteresting to note how many old-world species extend their range south- 
even to lat. 36° or 35°. 

I have not seen the Rocky Mountains in the Dominion; but I appre¬ 
hend that the aspect and character of the forest is Canadian, is mainly 
^hiferous, and compopd of very few species. Oaks and other cupuli- 
fezx)us trees, which give character to the Atlantic forest, are entirely 
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wanting, until the southern confines of the region are reached in Colorado 
and ISTew Mexico, and there they are few and small. In these southern 
parts there is a lesser amount of forest, but a much greater diversity 
of genera and species, of which the most notable are the pines of the 
Mexican plateau type. 

The Eocky Mountains and the coast ranges on the Pacific side so 
nearly approach in British America that their forests merge, and the 
eastern types are gradually replaced by the more peculiar western. But 
in the United States a broad, arid and treeless, and even truly desert, 
region is interposed. This has its greatest breadth and is best known 
where it is traversed by the Central Pacific Eailroad. It is an immense 
plain between the Eocky Mountains and the Sierra Hevada, largely a 
basin with no outlet to the sea, covered -with' sage-brush (^.e., peculiar 
species of artemisia) and other sub-saline vegetation, all of greyish hue; 
traversed, mostly north and south, hy chains of mountains, which seem 
to be more bare than the plains, hut which hold in their recesses a con. 
siderable amount of forest and of other vegetation, mostly of Rocky 
Mountain types. 

Desolate and desert as this region appears, it is far from uninteresting 
to the botanist; but I must not stop to show how. Yet even the ardent 
botanist feels a sense of relief and exultation when, as he reaches the 
Sierra jSTevada, he passes abruptly into perhaps the noblest coniferous 
forest in the world, a forest 'which stretches along this range and its 
northern continuation, and along the less elevated ranges which border 
the Pacific coast, from the southern part of California to Alaska. 

So much has been said about this forest, about the two gigantic trees 
which have made it famous, and its pines and firs which are hardly less 
wonderful, and which in Oregon and British Columbia, descending into 
the plains, yield far more timber to the acre than can be found anywhere 
else, and I have myself discoursed upon the subject so largely on former 
occasions, that I may cut short all discourse upon the Pacific coast flora 
and the questions it brings up. 

I note only these points. Although this flora is richer than that of 
the Atlantic in coniferse (having almost twice as many species), richer 
indeed than any other except that of eastern Asia, it is very meagre in 
deciduous trees. It has a fair number of oaks, indeed, and it has a 
flowering dogwood, even more showy than that which brightens our 
eastern woodlands in spring. But, altogether it possesses only one- 
quarter of the number of species of deciduous trees that the Atlantic 
forest has; it is even much poorer than Europe in this respect. It is 
destitute not only of the characteristic trees of the Atlantic side, such as 
liriodendron, magnolia, asimina, nyssa, oatalpa, sassafras, carya, and the 
arboreous leguminosse (cerois excepted), bat it also wants most of the 
genera wliich are common throughout all the other northern-temperate 
floras, having no lindens, elms, mulberries, celtis, beech, chestnut, horn¬ 
beam, and few and small asbes and maples. The shrubbery and herbaceous 
vegetation, although xich and varied, is largely peculiar, especially at the 
south. At the north we find a fair number of species identical with the 
eastern; but it is interesting to remark that this region, interposed 
between the K.B. Asiatic and the M'.E. American, and with coast ap¬ 
proximate to the former, has few of those peculiar genera which, as I 
have insisted, witness to a most remarkable connection between two floms 
so widely sundered geographically. Some of these types, indeed, occur 
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in the intermediate region, rendering the general absence the more note¬ 
worthy. And certain peculiar types are represented in single identical 
species on the coasts of Oregon and Japan, &c. (such as lysicliiton, fatsia, 
glehnia) ; yet there is less community between these floras than might be 
expected from their geographical proximity at the north. Of course the 
high northern flora is not here in view. 

Kow, if, as I have maintained, the eastern side of iMorth America and 
the eastern side of Northern Asia are the favoured heirs of the old boreal 
flora, and if I have plausibly explained how Europe lost so much of its 
portion of a common inheritance, it only remains to consider how the 
western side of North America lost so much more. For that the missing 
types once existed there, as well as in Europe, has already been indicated 
in the few fossil explorations that have been made. They have brought 
to light magnolias, elms, beeches, chestnut, a liquidambar, &c. And 
living witnesses remain in the two sequoias of California, whose ancestors, 
along with taxodium, which is similarly preserved on the Atlantic side, 
appear to have formed no small part of the mioceiie flora of tho Arctic 
regions. 

Several causes may have conspired in the destruction;—climatic 
differences between the two sides of the continent, such as must early 
have been established (and we know that a difference no greater than the 
present would be effective); geographical configuration, probably con¬ 
fining the migration to and fro to a long and narrow tract, little wider, 
perhaps, than that to which it is now restricted; the tremendous out¬ 
pouring of lava and volcanic ashes just anterior to the glacial period, by 
which a large part of the region was thickly covered ; and, at length, 
competition from the Mexican plateau vegetation,—a vegetation beyond 
the reach of general glacial movement from the north, and climatically 
well adapted to the south-w^estern portion of the United States. 

It is now becoming obvious that the Mexican plateau vegetation is the 
proximate source of most of the peculiar elements of the Californian flora, 
as also of the southern Eocky Mountain region and of the Great Basin 
between; and that these plants from the south have competed with those 
from the north on the eastward plains and prairies. It is from this source 
that are derived not only our cactem hut our mimosece, our daleas and 
petalostemons, our numerous and varied onagraceas, our loaaacese, a large 
compositae, especially the eupatoriaceae, helianthoidem, liele- 
moide^, and mutisiace^, which are so characteristic of the countiy, tho 
asclepiadese, the very numerous polemoniacea?, hydrophyllaoeae, eriocronciu 
and the like. r j ? 

formerly recognised this element in our North American flora; 
put 1 have only recently come to apprehend its full significance. With 
increasing knowledge we may in a good measure discriminate between 
the descendants of tbe ancient noHhern flora, and those which come 
irom the highlands of the south-west. 
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Oil the Theory of the Stewnv-Engine. 

By Professor Robert H. Thurston. 

[A communication ordered by the General Committee to be i^rinted in e,vte?is() among 

the Reports.] 

The following paper is intended to present, in the briefest possible form, 
an outline of the growth oi the theory of the steam-engine, from its 
first and most primitiv’e form to its most recent and most thoroughly 
practical development in application. It is nob proposed to make this 
sketch in any sense complete, and it is hardly expected that it can be 
critically accurate. It may, however, prove interesting, and may be of 
real service, it is hoped, as presenting a distinct outline of what will, 
when more completely worked up, prove to be an exceedingly interesting 
and important detail of the history of applied science. 

A complete history of the development of the theory of the steam^ 
engine would include, first, the history of the mechanical theory of 
heat; secondly, the history of the science of thermodynamics, which 
has been the outgrowth of that theory; thirdly, the history of the appli¬ 
cation of the science of heat transformation to the case of the steam- 
engine ; and fourthly, an account of the completion of the theory of the 
steam and other heat-engines by the introduction of the theory of losses 
by the more or less avoidable forms of waste, as distinguished from those 
necessary and unavoidable wastes indicated by the pure theory of ther¬ 
modynamics. The first and second of these divisions are treated of in 
works on thermodynamics, and in treatises on physics. The third division 
is briefly considered, and usually very incompletely, in treatises on the 
steam-engine; while the last is of too recent development to be the sub¬ 
ject of complete treatment, as yet, in any existing works. The principal 
object of the present paper is simply to collect into a condensed form, 
and in proper relations, these several branches of the subject, leaving for 
another time and place that more full and complete account which might, 
did opportunity ofier, be prepared to-day. 

The ‘ Mechanical Theoiy of Heat,’ as is now well understood, existed, 
as a speculation, from the days of the earliest philosophies. The contest 
which raged with such intensity, and sometimes acrimony, among specu¬ 
lative men of science during the last century was merely a repetition of 
struggles of which we find evidences at intervals throughout the whole 
period of recorded history. The closing period of this, which proved to 
bo an important, revolution in science marked the beginning of the 
nineteenth centnry. It was inaugurated by the introduction of ex¬ 
perimental investigation directed toward the crucial point of the question 
at issue. It terminated, about the middle of the century, with the 
acceptance of the general results of such experiment by every scientific 
man of acknowledged standing on either side the Atlantic. "The 
doctrine that heat was material, and its transfer a real movement of 
substance from the source to the receiver of heat, was thus finally com¬ 
pletely superseded by the theory, now become an ascertained truth, that 
heat is a form of energy, and its transformation a change in the location 
and method of molecular vibration. The dynamical theory of heat was 
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fil’st given a solid basis by the experiments of Count Ramford (Benjamin 
Thompson), in 1796-7, of which an account was given in a paper read by 
Rumford before the Royal Society of Great Britain in 1798, by the ex¬ 
periments of Sir Humphry Davy in 1798-9, and by the later and more 
precise determination of the value of the mechanical equivalent of heat, 
by Joule, in 1843, and subsequently. 

The science of thermodynamics has for its essential basis the esta¬ 
blished fact of the dynamical nature of heat, and the fact of the 
quantivalence of two forms of energy—^heat and mechanical motion, mole¬ 
cular energy and mass energy. Resting, as it does, on fundamental, 
experimentally-determined principles, it eonld have no existence, nntil 
during the early part of the present century these phenomena and these 
truths were well investigated and firmly established. Immediately upon 
the settlement of the controversy relating to the nature of heat, it be- 
came possible to commence the construction of the science which, assert¬ 
ing the mechanical theory of heat as its fundamental fact, and the conser¬ 
vation and quantivalence of the two forms of energy as its fundamental 
principle, led to the determination of the method and extent of the trans¬ 


formation of the one into the other during any prescribed series of 
physical charges. 

It is not within the province of this paper to examine the claims made 
for rival philosophers in the debate over the matter of priority of dis¬ 
covery of the mutual relations of the phenomena and principles of the 
new science. Jt is sufficiently evident that the revelation of the facts of 
the case led many minds to study the subject, and led to its nearly con¬ 
temporaneous development in several countries. The first period of the 
development of the science was occupied almost exclusively by the 
exposition of the djmamical theory of heat, which lies at the bottom of the 
whole. This strikingly interesting and obviously important subject so 
absorbed the attention and occupied the thoughts of physicists that they 
seem hardly to have attempted to look beyond it, as a rule, and hence 
:&iled, at first, to see into what a magnificent department of the theoi’e- 
tical and experitnental investigation they were called. Mohr, in 1837; 
Seguin, in 1839 Mayer, of Heilbronn, in 1842 ; and Golding, in 1843, 
each took a step into a field, the limits of which and the importance of 
which they could at that time hardly have imagined. Mayer certainly 
Imd a very clear conception of the bearing of the new theory of heat 
upon dynamics, and exhibited remarkable insight into the far-reaching 
principles of the new science. He collated the facts more exactly deter¬ 
mined later by Joule and others with the principle of the conservation of 
energy, and applied the rudiments of a science thus constructed to the 
calculation of the quantity of carbon and expenditure of heat which are 
unavoidably needed by a mountain climber, doing a given quantity of 
TOrk, m the elevation of his own body to a specified height. The work 
of Mayer may be taken as representing the first step in the production of 
thermodynamics, and in the deduction of the consequences 
of the fact which had, until his time, so seldom engaged the attention of 
smence.^ It was only about the middle of the century that it 
^-be plainly seen that there existed such a science, and that the 
^mvalence of heat, and energy in the mechanical form, was 

connection with the general 
pmc^^o! «ie persistence of energy, and applied in all cases of per^ 
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formanco of work hy expenditure of heat through the action of elastic 
bodies. 

The development of the science of thermodynamics into available and 
satisfactory form was effected mainly by Professors Eankine and Clausius, 
working independently but contemporaneously from 1849. Clausius de¬ 
veloped the general theory with beautiful clearness and conciseness of 
mathematical method and work, and succeeded in constructing a com- 
pleto system, almost equal in extent and exactness to the geometrical 
system of Euclid. Eankine, producing the same results, in part, by his 
wonderfully condensed method of treatment, turned his attention more 
closely to the application of the theory to the case of the sfceam and 
other heat-engines, giving finally, in his ‘ Prime Movers ’ (1859), a 
concise yet full exposition of the correefc theory of those motors, so far as 
it is possible to do so by purely thermodynamic treatment. He was 
unaware, apparently, as were all the scientific men of his time, of the 
extent to which the conclnsions reached by such treatment of the case 
are modified, in real engines, by the interference of other physical prin¬ 
ciples than those taken cognisance of by his science. Sir William 
Thomson, partly independently, and partly working with Joule, has 
added much valuable work to that done by Clausius and Eankine. In 
the hands of these great men the science took form, and has now 
assumed its place among the most important of all branches of physical 
science. 

The theory of the steam-engine, like every other scientific system, rests 
upon a foundation of facts ascertained by experiment, and of principles 
determined by the careful study of thelaws relating to those facts, and con¬ 
trolling phenomena, properly classed together by that science. Like every 
other element entering into the composition of a scientific system, this theory 
has been developed subsequently to the establishment of its fundamental 
facts, and the history of progress in the art to which it relates shows that 
the art has led the science from the first. The theory of the steam-engine 
includes all the phenomena and all the principles involved in the produc¬ 
tion of power, by means of the steam-engine, from the heat-energy derived 
from the chemical combination of a combustible with the oxygen of the 
air acting as a supporter of combustion. The cjomplete theory therefore 
includes the theory of combustion; the consideration of the methods of 
development and transfer, and of losses of heat in the steam boiler; the 
examination of the methods of transfer of heat-energy from boiler to 
engine, and of waste of heat in this transfer; and, finally, the development 
of mechanical energy in the engine, and its application, beyond the engine, 
to the machiiiexy of transmission, with an investigation of the nature and 
method of waste in this last transformation. It is, however, only the last 
of these divisions of the subject that it is here proposed to consider. The 
remaining portion of this paper will be devoted to the tracing of the 
growth of the theory of the steam-engine, simply as a mechanical instru- 
ment for transformation of the one form of energy into the other—^of the 
molecular energy of heat motion, as stored in the vapour of water^ into 
mass energy, mechanical energy, as applied to the driving of mechanism. 
The theory thus limited includes a study of the thermodynamic phenomena, 
as the principal and essential operations involved in the performance of work 
by the engine; it further includes the consideration of the other physi¬ 
cal processes which attend this main function of the engine, and which^ 
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inevitably and unavoidably, so far as is to-day known, concur in the pro¬ 
duction of a waste of energy. 

Of all the heat sent forward by the steam boiler to the engine, a certain 
part, definite in amount and easily calculated when the power developed 
is known, is expended by transformation into mechanical energy; another 
part, equally definite and easily calculated, also, is expended as the neces¬ 
sarily-occurring waste which must take place in all such transformations, 
at usual temperatoes of reception and rejection of heat; still another 
portion is lost by conduction and radiation to surrounding bodies; and, 
finally, a part, often very large in comparison with even the first and 
principal of these quantities, is wasted by transfer within the engine, from 
the induction to the eduction side, from ‘ steam to exhaust,’ by a singular 
and interesting process, without conversion into useful effect. The science 
of thermodynamics only takes cognisance of the first, which is sometimes 
one of the smallest of these expenditures. ^Ihe science of the general 
physics of heat takes cognisance of the others. 

The science of the phenomena of the steam-engine must, like every 
other branch of applied science, be considered as the producit of two dis¬ 
tinct processes of development: the one is what may be called the experi¬ 
mental development of the subject, the other is the purely theoretical 
progi’ess of the science. So far as the useful application of principles to 
the perfection of the machine is concerned, the latter has always, as is 
usually the case elsewhere, been in advance of the former in its deduction 
of general principles; while, as invariably, the former has kept far in 
advance, in the working out of practically useful results, and in the deter¬ 
mination of the exact facts where Questions of economic importance have 
arisen. It is proposed here to follow the history of the experimental 
development of the principles controlling the efficiency of the engine, and 
modifying the conclusions derived by the application of the science of 
heat transformation, after first tracing the progress of the development of 
that science. The gradual formation of the pure theory of the steam- 
engine will be traced, and the limitations of that theory will naturally 
come up for consideration afterward. 

The germ of a science of the steam-engine may be found in the woik 
of Sadi Oa-rnot, published just sixty years ago. Although familiar with 
the then doubted mechanical theory of heat, he was not sufficiently well 
convinced of its correctness, apparently, to make it the basis of his work, 
but assumed, throughout his ‘Befiexlom la, Fuissancs Motrke du Feic,^ 
the theory of substantial caloric. ITevertheless, in his development of 
the theory of heat-engines, he enunciated some essential principles, and 
thus laid the foundation for a theory of the steam-engine which was given 
correct form, in all its details, as soon as the dynamical theory was taken 
for its foundation principle. 

Carnot asserts that ‘ the motive power of heat is independent of the 
means taken to develop it; its amount is determined simply by the 
temperature of the bodies between which the heat is transferred. 
Wherever there exists a difference of temperature, there may he a develop¬ 
ment of power. The maximum amount of power obtainable by the use 
of stobm is 'the maximum obtainable by any means whatever. High- 
preasure engines deiive their advantage over low-pressure engines simply 
from their power of making useful a greater range of temperature.' He 
made use of the device known as the ‘ Carnot Cycle,' exhibiting the 
successive expansiops and compressions of the working fluid in heat- 
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engines, in the process of change of volume and temperature, while 
following the series of changes which gives the means of transformation 
of heat into power with final restoration of the fluid to its initial condition, 
>showing that such a complete cycle must be traversed in order to deter¬ 
mine what proportion of the heat energy available can be utilised by 
conversion into mechanical energy. This is one of the most essential of 
all the principles comprehended in the modern science. This ‘ Carnot 
Cycle ’ was afterward represented graphically by Olapeyron. 

Carnot shows that the maximum possible efficienc}^ of fluid is attained, 
in beat-engines, by expanding the working fluid from the maximum 
attainable temperature and pressure down to the minimum temperature 
and pressure that can be permanently maintained on the side of conden¬ 
sation or rejection, if we assume expansion according to the hyper¬ 
bolic law, by adopting as the ratio of expansion the quotient of maximum 
pressure divided by back pressure. He further shows that the expansion, 
to give maximum efficiency, should be perfectly adiabatic. These prin¬ 
ciples have been recognised as correct by all authorities from the time of 
Carnot to the present time, and have been not infrequently brought 
forward as new by minor later writers unfamiliar with the literature of 
the subject. Introducing into the work of Carnot the dynamical relation 
of heat and work, a relation, as shown by other writings, well under¬ 
stood if not advocated publicly by him, the theory of the steam-engine 
becomes well defined and substantially accurate. The Count de Pamhour, 
writing in 1835, and later, takes up the problem of maximum efficiency 
of the steam-engine, shows the distinction to be drawn between the 
efficiency of fluid and efficiency of machine, and determines the value of 
the ratio of expansion for maximum efficiency of engine. He makes this 
ratio equal to the quotient of maximum initial pressure divided by the 
sum of the useless internal resistances of the engine, including back 
pressure and friction, and reduced to equivalent pressure per unit of area 
of pistoB. This result has been generally accepted, although sometimes 
questioned, and has been demonstrated anew, in apparent ignorance of the 
fact of its prior publication by De Pambonr, and by more than one later 
writer. De Pambour, applying his methods to the locomotive particu¬ 
larly, solved the problem, since distinctly known by bis name, Given the 
quantity of steam furnished by the boiler in the unit of time, and the 
measure of resistance to the motion of the engine: to determine the 
speed attainable. 

Professor Thomas Tate, writing his Mechanical Philosophy,* in 1853, 
gives the principle stated above a broader enunciation, thus : ‘ The pres¬ 
sure of the steam, at the end of the stroke, equal to the sum of the 
resistances of the unloaded engine, whatever may be the law expressing 
the relation of volume and pressure of steam.’ 

Professor Clausius, as has been already stated, applied the modern 
theory of the steam-engine to the solution of the various problems which 
arise in the practice of the engineer, so far as they can be solved by the 
principles of thermodynamics. His papers on this subject were printed 
in 1850. The Count de Pambour had taken a purely mechanical mode 
of treatment, basing his calculations of the work done in the cylinder of 
the steam-engine upon the hypothesis of Watt, that the weight of steam 
acting in the engine remained constant during expansion, and that the 
same assumption was applicable to tbe expanding mass contained in 
engine and boiler during the period of admission. He had constructed 
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empirical formulas, pubiislied in liis work on tlie theory of the steam- 
engine, in 1844, for the relation of volume and pressure during expan¬ 
sion, and had based his determinations of the quantity of work done, and 
of expenditure of steam in the engine, upon this set of assumptions and 
formulas, considering the steam to remain in its initial condition ,of dry 
and saturated vapour, or of moist vapour as the case may be, from the 
beginning to the end of the stroke. Errors were thus introduced, which, 
although not important in comparison with those often occurring when 
the result of purely thermodynamic and in so far correct treatment 
was compared with the actual case, were, nevertheless, sufficiently great 
to become noticeable when the true theory of heat-engines became known 
and correctly applied. Clausius proved that, in the expansion of dry and 
saturated steam doing work in the engine, condensation must take place 
to a certain extent, and that consequently the weight of steam in the 
cylinder must be somewhat reduced by the process of expansion beyond 
the point of * cnt-o:ff.’ Daring the period of compression, also, the reverse 
effiect must occur, and the compressed mass must become superheated, 
if initially dry. He showed that the amount of work actually done in a 
non-conducting working cylinder must be sensibly different from that 
estimated by the method of De Pambour. Taking advantage of the 
re-determination of the constants in Regnault’s equations effected by 
Moritz, Clausius obtains numerical results in the application of the 
true theory, and deduces the amount of work done in the steam-engine 
under various conditions such as are met with in practice. He shows 
how the action of the engine may be made that of the Carnot Cycle, and 
determines the effect of variation of the temperature of tho ‘ j^rime “ 
steam. ^ The investigation is, in the main, purely theoretical: no appli¬ 
cation is made to the cases met with in real work, and the compax'isou 
of the results of the application of the new theory to practice in steam 
engineering is left for others. 

The work of Clausius is, throughout, perfectly logical, and beautifully 
simple and concise, and his application of the theory to the steam-engine 
amounts to a complete reconstruction of the work of Carnot and his 
followers upon a correct basis. He develops with mathematical exact¬ 
ness of method and work the fundamental principles of the science of 
thermodynamics, constructs the ‘fundamental equations,’ tho so-called 
‘ general equations of thermodynamics,’ and, in the course of his work, 
proves the fact of the partial condensation of saturated steam, when per¬ 
mitted to expand, doing work against resistance. 

Professor Rankiue began his work upon the theory of tho transforma¬ 
tion of heat into mechanical energy at about the same time with Clausius 
(1849), and published his first important deduction, the form of tho 
general equation of thermodynamics, nearly simultaneously, but a little 
earlier. He gave much attention to the then incomplete work of develop¬ 
ment of applied thermodynamics, and produced, not only the whole theory 
of the science, but very extended papers, including solutions of practical 
problems in the application of the science to heat-engines. Stating with 
Angular brevity and clearness the main principles, and developing the 
equations in substantially the same form, but by less-easily- 
processes than his contemporary, he proceeded at once to their 
He determines the thermodynamic functions for air and 
ottier exhibits the theory of the hot-air engine, as applied to the 
more impooH^nt md typical forms, deduces expressions for their efficiency, 
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and estimates the amount of heat demanded and of fuel consumed in 
their operation, assuming no other expenditure of heat than that required 
in an engine free from losses hj conduction and radiation. He next, in a 
similar manner, applies the theory to the steam-engine, proves the fact of 
the condensation of steam during the period of expansion, estimates the 
amount of heat, fuel, and steam expended, and the quantity of woi^k done, 
and determines thus the efficiency of the engine. He makes a special case 
of the engine using superheated steam, as well as that of the ^ jacketed ’ 
engine, considers the superheated steam-engine, and the binary vapour- 
engine, and reconstructs De Pambour’s problem. Applying the theory 
of the steam-engine to a considerable number of cases, differing in the 
steam pressure and in the ratio of expansion adopted, and including both 
condensing and non-condensing engines, he constructs a table exhibiting 
the efficiency of the steam, and the probable consumption of fuel (assum¬ 
ing a somewhat low efficiency of boiler), which table represents the limit 
of efficiency under the assumed conditions, a limit which may be ap¬ 
proached as the conditions of practice approximate to those of the ideal 
cases taken, but which can never be reached. 

As Eankine was not aware of the often enormous difference produced 
in the performance of the steam-engine by the extra thermodynamic phe¬ 
nomena involved in its operation, he does not indicate the fact that the 
I’csults of his calculations must be taken with the qualification just stated 
above, and his figures are still sometimes supposed to represent those of 
actual performance. The fact is, however, that the consumption of steam 
and of fuel in actual practice always considerably exceeds those obtained 
by the solution of the thermodynamic problem, and, often, as already 
stated, exceeds that quantity by a very large amount. 

Since the time of Rankine’s and Clausius’ investigations, the thermo¬ 
dynamic theoxy of the steam-engine has received no important modifica¬ 
tions, and the work of later engineers, and of physicists working upon the 
general subject, has been confined to the study, experimental or other, of 
the limitations set to the application of this theory by the influence of 
other physical phenomena. 

Eankine’s work included the construction of a remai*kably exact, 
though hypothetical, equation expressing the relation of temperatures 
and pressures of vapoui'S, based upon his theory of ‘molecular vortices,^ 
a comparison of the efficiencies of air and steam-engines working between 
the same limits of temperature, and an exceedingly beautiful method of 
graphically determining the most economical size of steam-engine, from 
the commercial point of view, the quantity of power required being given, 
and all expenses being calculable. He defined and outlined the science 
of ‘ energetics,’ established the begiimings of a system of graphical 
thermodynamics, including the representation of the action of steam in 
the compound engine. He studied the action of explosive gas-engines, 
and calculated the explosive energy of liquids heated under pressure. 
Besides all this, Eankine performed an enormous amount of work in 
mathematical physics, in hydrodynamics, in hydromechanics, in the theory 
of naval architecture, and in the application of mechanics to general 
engineering. Several important text-books, a large volume on ship¬ 
building, and other works, with an unknown number of papers, published 
and unpublished, foi’m a monument to the power and industry of this 
wonderful man and remarkable genius, that may be looked upon as perhaps 
the greatest wonder of the intellectual world. 
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The thermodynamic theory of the steam-engine stands, to-cJay, sub¬ 
stantially as it was left by Clausius andRanhine at the close of their work 
in this field, in the decade 1850 to 1860. Many treatises have been 
published, some of them by men of exceptional ability ; but all have 
followed the general line first drawn by these masters, and have only now 
and then found some minor point to develope. Rankine’s ‘ Steam-engine 
and other Prime Movers,’ written a quarter of a century ago, is still a 
standard w’ork on the theory of the heat-engines, and is still used as a 
text-book in engineering schools in this country and Europe. 

The limitations of the thermodynamic theory of the heat-engines, 
and of its application in the design and operation of such engines, were 
first discovered by James Watt a hundred years ago and more. They 
were systematically and experimentally investigated by Isherwood in 
1855 to^ 1865, were observed and correctly interpreted by Clark in 1855 
and earlier, and were revealed again by the experiments of Him, and by 
those of Emery and many other recent investigators on both sides of the 
Atlantic. These limitations are due to the fact that losses occur in the 
operation of steam-engines which are not taken into account by the 
hitherto accepted theory of the engine, and have no place in the ther¬ 
modynamic treatment of the case. 

It is generally assumed, in the usual theory of the engine, that the 
expansion of the working fiaid takes place in a cylinder having walls 
impermeable to heat, and in whiob no losses by conduction or radiation, 
or by leakage, can occur. Of those losses which actually take place 
in the real engine, that due to leakage may he prevented, or, if occnr- 
Ting, can be checked; but H is impossible, so far as is now known, to 
secure a "working cylinder of perfectly non-condncting material. The 
consequence is that, since the steam or other working fluid enters at a 
high temperature and is discharged at a comparatively low tempera¬ 
ture, the surfaces of cylinder, cylinder heads, and piston are at one in¬ 
stant charged with heat of high temperature, and at the next moment, 
exposed to lower temperatur'es, are drained of their surplus heat, which 
heat is then rejected from the cylinder and wasted. Thus, at each stroke, 
the metal surfaces, exposed to the action of the expanding substance, 
^alternately absorb heat frona it, and surrender that heat to the ‘exhaust/ 
In the case of the gas-engines, this waste is rendered enormously greater 
by the action of the w^ater-jacket, which is there needed to keep tlu% 
cylinder down to a safe temperature, and which takes away, in the cireu- 
iating stream of cooling water, an immense amount—usually about one- 
half—of the heat received from the burning gas. In the steam-engine, 
the loss by the method here referred to is rarely less than ono-fourth in 
unjacketed cylinders, and is often more than equal to the whole quantity 
of heat transformed into mechanical energy. The amount of this loss 
increases with wet steam, and is diminished by any expedient, as steam- 
jacketing or superheating, which prevents the introduction or the pro¬ 
duction of moisture in the midst of the mass of steam in the cylinder. 
As the range of temperature worked through in the engine increases as 
tlie quantity of steam worked per stroke diminishes, and as the time 
allowed for transfer of heat to and from the sides and ends of the cylinder 
and the piston is increased, the magnitude of this loss increases. Hence 
the use of high steam, of a high mtio of expansion, and of low piston 
speed tend to increase the amount of this waste; while low steam, a low 
ratio of expansion, and high engine speed, tend to diminish it. These 
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physical phenomena are iihercforo no less important in their inflaence 
upon the behaviour of the engine, and upon its efficiency, and are no less 
essential elements for consideration in the general theory of the engine, 
than those taken into account in the purely thermodynamic theory. 

James Watt, as above stated, discovered this cause of the limitation of 
the efficiency of the steam-engine. Ho not only discovered the fact of the 
existence of this method of waste, but experimentally determined its 
amount in the first engine over placed in his hands. It was in 1763 that 
bo was called upon to repair the little model of the Newcomen engine, 
then and still in the cabinets of the University of Glasgow. Making a 
new boiler, he set up the machine and began his experiments. He found, 
to his surprise, that the little steam-cylinder demanded four times its own 
volume at every stroke, thus wasting, as he says, three-fourths of the 
steam supplied, and requiring four times as much ‘ injection water ’ as 
should suffice to condense a cylinder full of steam. It was in the course 
of this investigation that he discovered the existence of so-called ‘latent 
beat.’ All of Watt’s first inventions were directed toward the redaction 
of this immense waste. Ho proposed to himself the problem of keeping 
the cylinder ‘ as hot as the steam that entered it;’ he solved this problem 
by the invention of the separate condenser and the steam-jacket, and thus 
the discovery of the limitation of the thermodynamic theory here noted 
was the source of Watt’s fame and fortune. 

John Smeaton, a distinguished contemporary of Watt, and perhaps 
the most distinguished engineer of his time, not only seems to have been 
well aware of this defect of the steam-engine, but also was possibly even in 
advance of Watt in attempting to remedy it. He built a large number 
of Newcomen engines between 1765 and 1780, in some if not many of 
which he attempted to check loss by this now familiar ‘ cylinder-con¬ 
densation’ in engines, some of which were five and six feet in diameter 
of cylinder by lining pistons and heads with wood. This practice may 
not be practicable with tlio temperatures now usual; but no attempt has 
been made, so far as is known to the writer, to follow Smeaton in his 
thoroughly philosophical plan of improvement. Cylinder-condensation 
remains to-day, as in the time of Smeaton and Watt, the chief source of 
waste in all well-designed and well-constructed heat-engines. 

It is a curious fact, and one of great interest as illustrating the gulf 
formerly separating the philosopher studying the steam-engine and. 
working out its theory from the practitioner engaged in its construction 
and operation in the earlier days of engineering, that, notwithstanding 
the fact that this waste was familiar to all intelligent engineers, from, 
the time of the invention of the modern steam-engine, and was recorded 
in all treatises on engine construction and management, the writers on 
the theory of the machine have apparently never been aware that it gives 
rise to the production, in the working cylinder, of a large amount of 
water mingled with the steam. In fact, it has often been assumed by 
engineers themselves that this water is always dae to ‘ priming ’ at the 
boiler. Even Rankine, writing in 1849-50, while correctly describing 
the phenomenon of cylinder-condensation, made the mistake of attributing 
the presence of the water in steam-cylinders to the fact of condensation 
of dry steam doing work by expansion, apparently not having noted the 
fact that this would only account for a very insignificant proportion of 
the moisture actually present in the average steam-engine. He considers 
1884 S’ P 
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ineonaplete expansion the principal source of loss, as do usually otlier 
writers on thermodynamics. 

Thomas Tredgold, writing iu 1827, who, but little later than Carnot, 
puts the limit to economical expansion at the point subsequently indi¬ 
cated and more fully demonstrated by Be Pambour, exaggerates the 
losses due to the practical conditions, but evidently does perceive their 
nature and general effect. He also shows that under the conditions 
assumed the losses may be reduced to a minimum, so far as being de¬ 
pendent upon the form of the cylinder, by making the stroke twice the 
diameter. 

The limit of elBciency in heat-engines, as has been seen, is thermo¬ 
dynamically determined by the limit of complete expansion. So well 
is this understood, and so generally is this assumed to represent the 
prjicfcical limit, by writers unfamiliar with the operation of the steam- 
engine, that every treatise on the subject is largely devoted to the 
examination of the amount of the loss due to what is always known as 
'incomplete expansion’ —expansion terminatiug at a pressure higher 
than the back pressure in the cylinder. The causes of the practical 
limitation of the ratio of expansion to a very much lower value than those 
which maximum efficiency of fluid would seem to demand have not been 
usually considered either with care or with intelligence by writers 
thoroughly familiar with the dynamical treatment, apart from the modify¬ 
ing conditions here under consideration. 

Watt, and probably bis contemporaries and successors, for many years 
supposed that the irregularity of motion due to the variable pressure 
oceuiriug with high expansion was the limiting condition, and does not 
at first seem to have realised that the cylinder-condensation discovered 
by him had any economical bearing upon the ratio of expansion at 
maximum efficiency. It undoubijedly is the fact that this irregularity 
was the first limiting condition with the large, cumbrous, long-stroked, 
and slow-moving engines of his time. Every accepted authority from 
that day to the present has assumed, tacitly, that this method of “waste 
has no influence upon the value of that ratio, if we except one or two 
writers who were practitioners rather than scientific authorities. 

Mr. D. K. Clark, publishing his ‘ Railway Machinery,’ in 1855, was 
the first to discuss this subject with knowledge, and with a clear under¬ 
standing of the effects of condensation in the cylinder of tho steam-engine 
upon its maximum efficiency^ Cornish engines, from the boginning, 
bad been restricted in their ratio of expansion to about one-fourth as a 
maximum, Watt himself adopting a ‘ cut-ofl! ’ at from one-half to two- 
thirds. Hornblower, with his compound engine competing with the 
single cylinder-engines of Watt, had struck upon this rock, and had been 
beaten in economy by the latter, although using much greater ratios of 
expansion; but Clark, a half century and more later, was, nevertheless, 
the first to perceive precisely where the obstacle lay, and to state 
explicitly that the fact that increasing expansion leads to increasing 
losses by cylinder-condensation, the losses increasing in a much higher 
than, the gain, is the practical obstruction in our progress toward 
economy. 

/' after a long and arduous series of trials of locomotive engines, 

prelpBged experiment looking to the measurement of the magnitude 
of the produced as above described, concludes: ' Tho magnitude of 
the is so great ^ to defeat all such atteippts at economy of fuel and, 
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steam by expansive working, and it affords a sufficient explanation 
of tbe fact, in engineering practice, that expansive working has been 
found to be expensive working, and that, in many cases, an absolutely 
greater quantity of fuel has been consumed in extended expansion work¬ 
ing, while less power has been developed.’ He states that high speed 
reduces the effect of this canse of loss, and indicates other methods of 
checking it. He states that ‘ the less the period of admission relative to 
the whole stroke, the greater the quantity of free water existing in the 
cylinder.’ His experiments, revealing these facts, were, in some cases, 
made prior to 1852. Bat the men handling the engines had observed 
this effect even before Clark; he states that they rarely voluntarily 
adopted * a suppression of above 80 per cent.,’ as they found the loss by 
condensation greater than the gain by expansion. Describing the method 
of this loss, this author goes on to say that ‘ to prevent entirely the 
condensation of steam worked expansively, the cylinder must not only 
be simply protected by the non-conductor—it must be maintained by 
independent external means, at the initial temperature of the steam.’ 
He thus reiterates the principle expressed by Watt three-quarters of a 
century before, and applies it to the newly-stated case. 

The same author, writing in 1877, says : ‘ The only obstacle to the 

working of steam advantageously to a high degree of expansion in one 
cylinder, in general practice, is the condensation to which it is subjected, 
when it is admitted into the cylinder at the beginning of the stroke, by 
the less hot snrfaces of the cylinder and piston, the proportion of which 
is increased so that the economy of steam by expansive working ceases to 
increase when the period of admission is reduced down to a certain 
fraction of the stroke, and that, on the contrary, the efficiency of the 
steam is diminished as the period of admission is reduced below that 
fraction.’ The magnitude of this influence may he understood from the 
fact that the distinguished engineer Loftus Perkins, using steam of 300 
pounds’ pressure, and attaining the highest economy known up to his 
time, found his engine to consume 1*62 pounds of fuel per hour per 
horse-power; while this figure is now reached by engines using steam at 
one-third that pressure and expanding about the same amount, and 
sometimes less. 

Mr. Humpbrjs, witing a little later than Clark, shows the con¬ 
sumption of fuel to increase seriously as the ratio of expansion is increased 
beyond the very low figure which constituted the limit in marine engines 
of his time. 

Mr.‘ B. P. Isherwood, a chief engineer in the United States Havy, 
and later chief of the Bureau of Steam Engineering, seems to have been 
the first to have attempted to determine, by systematic experiment, the 
law of variation of the amount of cylinder-condensation with variation 
of the ratio of expansion in unjacketed cylinders. Experimenting on 
board the U.S.S. Michigan, he found that the consumption of fuel 
and of steam was greater when the expansion was carried beyond abont 
one-half stroke than when restricted to lower ratios. He determined the 
quantity of steam used, and the amount condensed, at expansions ranging 
from full stroke to a cut-off at one-tenth. His results permit the deter¬ 
mination of the method of variation, with practically satisfactory accu¬ 
racy, for the engine upon which the investigation was naade, and for 
others of its class. It was the first of a number of such investigations 
made by the same hand, and these to-day constitute the principal part of 

FF 2 
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our data in this direction. The writer, studying these results, found! 
that the cylinder-condensation varied sensibly as the square root of the 
ratio of expansion, and this is apparently true for other forms and pro¬ 
portions of engine. The amount of such condensation usually lies between 
one-tenth and one-fifth the square root of that ratio, if estimated as a 
fraction of the quantity of steam demanded by a similar engine having a 
non-conducting cylinder. 

The state of the prevalent opinion on this subject, at the time of this 
work of Clark and of Isherwood, is well expressed by the distinguished 
German engineer, Dr. Albans, who, writing about 1840, says of the 
choice of best ratio of expansion: ‘ Practical considerations form, the 

best guide, and these are often left entirely out of view by mathematicians. 
Many theoretical calculations have been made to determine the point, 
but they appear contradictory and unsatisfactory.’ Ren wick, in 1848, 
makes the ratio of initial divided by back pressure the proper ratio of 
expansion, hut correctly describes the effect of the steam-jacket, and 
suggests that it may have peculiar value in expansive working, and that 
the steam may receive heat from a cylinder thus kept at the temperature 
of the ‘ prime ’ steam. John Bourne, the earliest of now acknowledged 
authorities on the management and construction of the steam-engine, 
pointed out, at a very early date, the fact of a restricted economic expan¬ 
sion. .Bi/ankine recognised no such restriction as is here under considera¬ 
tion,^, considered the ratio of expansion at maximum efficiency to be the 
sanie as that stated by Carnot and by other early writers, and only perceived 
its limitation by commercial considerations, a method of limitation of 
great importance, but often of less practical effect than is the waste 
by condensation. In his ‘ Life of Elder ’ (1871), however, he indicates the 
existence of a limit in practice, and places the figure at that previously 
given by Isherwood, for unjacketed engines. By this latter date, the 
subject had become so familiar to engineers that a writer in ‘ London 
Engineering,’ in 1874, contemns writers who had neglected to observe 
this limitation of efficiency as indulging in ‘ mediaeval twaddle.’ 

A few writers on thermodynamics finally came to understand the 
fact that such a limitation of applied theory existed, M. G. A. 
Born, who, better than probably any authority of his time or earlier, 
combined a knowledge of the scientific principles involved with practical 
experience and experimental knowledge, in his treatise on thermodynamics 
(1876), concludes: ‘ QuHl est absohmmt impossible d'edfjlor a priori une 
tMorie de la machine d mpeur d^eau douce dUui chametere scieutljlqm et 
emeti in consequence of the operation of the causes here detailed. While 
working up his experiment upon the performance of engines, comparing 
the volume of steam used with that of the cylinder, he had al ways found a 
great excess, and had, at first, attributed it to the leakage of steam past 
the piston; but a suggestion of M. Leloutre set Hm upon the right 
track, and he came to the same conclusion as had Watt so many years 
before. B[e explains that eiTors of 30, or even up to 70 per cent, may 
arise from the neglect of the consideration of this loss. Combos had 
, l^ereexTed the importance of this matter, and De Ereminville suggested 
. the now familiar expedient of compression, on the return stroke as nearly 
to boiler pressure, as a good way to correct tbo evil. The 
now well understood by contemporary writers, and it has 
temme agreed, among theoretical writers as well as among prao- 
fee benefit of extended expansion in real engines can only 
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1)6 approximated to that predicted by the theory of the ideal engine, 
'by special arrangements having for their object the reduction of cylinder 
waste, such as superheating, ^ steam-jacketing,’ and ‘ compounding.’ 

Professor Cotterill has given more attention to this subject than any 
writer up to the present time. He devotes a considerable amount of 
space to the study of the method of absorption and surrender of heat 
by the metal surfaces enclosing the steam, constructs diagrams which 
beautifully illustrate this action, and solves the problems studied by him 
with equal precision and elegance of method. He summarises the ex¬ 
perimental work done to the date of writing, and very fully and clearly 
exhibits the mode of transfer of heat past the piston without transfor¬ 
mation into work. Professor Ootterill’s treatise on steam, ‘ considered as 
a heat-engine,’ is invaluable to the engineer. 

Thus the theory of the steam-engine stands to-day incomplete, but 
on the verge of completion, needing only a little well-directed experi¬ 
mental work to supply the doubtful elements. Even these are be¬ 
coming determined. Isherwood gives facts showing waste to be 
proportional, very nearly, if not exactly, to the square root of the ratio 
of expansion; and Escher, of Zurich, has shown the loss to be also pro¬ 
portional to the square root of the time of exposure, or, in other words, 
to the reciprocal of the square root of the speed of rotation, and it 
only remains to determine the method of variation of loss with variation 
of range of temperature to give the whole of the necessary material for 
the construction of a working theory which will enable the engineer to 
estimate, in advance of construction, the economic performance of his 
machine. There will undoubtedly be much more to be done in con¬ 
structing an exact theory involving all the physical changes occurring in 
the working of the heat-engines familiar to us; but it will yet be done, 
and probably very soon. It is the hope of the writer that experiments 
made under his 'direction recently may furnish the needed data, as the 
result of the first systematic research directed to that end; but if this 
should prove not to be the fact, it cannot be long before direct investiga¬ 
tion will secure all essential knowledge. When this is the case, the 
remarks of those distinguished physicists and engineers, Hallauer and 
his great teaohei' Him, will be no longer well based upon apparent 
fact. 

Says Him, in his memorable discussion with Zeuner, in regard to 
this subject: * Ma conmctioTv reste mijourd^Jiui ce qu*elle etait il y a vingt am, 
me theorie propremeni dife de la macldm d vapeur est impossible; la 
ilieorie expenmentale, etahlie sur le moteur lui^mSme ei dans toutes les formes 
ou il a ete essays, en mecanique appliquee, pent seule conduire d, des 
resuUats rignureux,' 

At present, it seems only possible, in the absence of a complete 
experimental examination, to do more than to base the determination of 
the ratio of maximum efficiency upon such experience as is familiar to 
engineers. Mr. 0. E. Emery considers that, for common unjacketed en¬ 
gines it is practically safe to take the ratio for maximum duty at a figure 
expressed by au empirical formula proposed by him: r = (p +37) -t-22. 
The writer has usually taken it, in estimates, as not far from one-half 
the square root of the boiler pressure expressed, as before, iu pounds 
on the square inch. These points of cut-off are reduced still further by 
the fact that, commercially, it is better to reduce the size of engine at the 
expense of efficiency, as the cost of fuel and of similarly variable expenses 
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increase. This is, however, a matter for the treatment of which space 
cannot here be taken. Eankine has devised a convenient method of 
solving such problems, involving this condition, as may arise in practice, 
where cylinder-condensation may be neglected, and the writer ha^ found 
a method of adapting it to ordinary practice. The subject will ultimately 
form, properly, a final division of the complete theory of the steam- 
engine. 

Chronologically considered, it is seen that the history of the growth 
of the theory of the steam-engine divides itself distinctly into three 
periods, the first extending up to the middle of the present century, and 
mainly distinguished by the attempts of Carnot and of Olapeyron to 
formulate a physical theory of the thermodynamics of the machine; the 
second beginning with the date of the work of E»ankme and Clausius, 
who constructed a correct thermodynamic theory; and the third beginning 
a generation later, and marked by the introduction, into the general 
theory, of the physics of the conduction and transfer of that heat which 
play no part in the useful transformation of energy. The first period 
may be said to include, also, the inauguration of experimental investiga¬ 
tion, and the discovery of the nature and extent of avoidable wastes, and 
attempts at their amelioration by James Watt and by John Smeaton. 
The second period is marked by the attempt, on the part of a number of 
engineers, to determine the method and magnitude of these wastes by 
more thorough and systematic investigation, and the exact enunciation of 
the law governing the necessary rejection of heat, as revealed by the 
science of thermodynamics. The third period is opening with promise 
of a complete, and practically applicable, investigation of all the methods 
of loss of energy in the engine, and of the determination, by both 
theoretical and experimental research, of all the data needed for the 
construction of a working theory. 

M, Him has recognised these three periods, and has piuposed to 
call the second the ‘ theoretical,’ and the third the ‘ experimental ’ stage. 
The writer would prefer to make the nomenclature somewhat more 
accordant with what has seemed to him to be the true method of develop¬ 
ment of the subject. It has been seen that the experimental stage really 
began with the investigations of Watt, in the first period, and that the 
work of experimentation was continued through the second into the 
present—^the last—^period. It is also evident that the theoretical stage, if 
it can be properly said that such a period may be marked off in the 
history of the theory of the steam-engine, actually extends into the 
present epoch, since the work of the engineer and the physicist of to*day 
consists in the application of the science of heat-transfer and heat-^trans- 
formation, together, to the engine; during the second period the theory 
moluded only the thermodynamics of the engine; while the third period 
is about to incorporate the theory of conduction and radiation into the 
general theory, with the already established theory of heat-transformation. 
The wnter would therefore make the classification of these successive 
stages in the progress here described, thus:— 

, „ , ^1.) Primary period.—That of incomplete investigation, and of 
systematic, but inaccurate, theory. 

y ) Secondary period.—That of the establishment of a correct ther*^ 

theory, the theory of the ideal engine, 

* . period.—^That of the production of the complete theory 

of true theory of the real engine. 
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The work of developing this theory is still incomplete. It remains 
to be determined, by experiment, precisely what are the laws of transfer 
of heat between metal and vapour, in the engine cylinder, and to apply 
these laws in the theory of the machine. Ootterill has shown how heat 
penetrates and traverses the metal, and Grashof has indicated the 
existence of an intermediate and approximately constant temperature 
between the temperatures of the initial steam and of the exhaust, and 
both have given us some new methods. The writer, while pointing out 
the nature of the true ^ curve of efficiency ' of the steam-engine, which he 
was so fortunate as to discover, has shown how it may be made useful in 
the solution of practical and of theoretical problems involved in the 
applied theory of heat-engines, and many able minds are now engaged 
upon the theory. There can be little doubt that it will soon become 
satisfactorily complete. 
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Improvements in Coast Sig^ials; with Supplementary Remarks on 
the New Eddystone Lighthouse. By Sir James N. Douglass, 
M.Inst.C.E. 

[A commimication ordered by the General Committee to be printed in extOBm) 
among the Repoiis.J 

[Plates IT. and Y.] 

The successful development of the maritime Qomraerne of anj country 
must always be very largely dependent on the perfection of its system of 
coast signals for the guidance of the mariner. Therefore, when we reflect 
on the important progress made by the Dominion of Canada, occupying, 
as she now does, the fourth position of the maritime countries of the 
world, the present occasion of the visit of the British Association to Mon¬ 
treal would appear to be a fitting time for the consideration of recent and 
future advancement in the development of coast signals. 

The installation of the fog-whistle by Daboli at Beaver Tail Point, 
Rhode Island, in 1851, and the installation of the electric light by Holmes 
at the South Foreland, in 1858, were two of the most important steps in 
the progress of coast signals. Since these dates light and sound coast 
signals have so developed that it is now found to be possible, at any coast 
signal station, to render trustworthy service to the mariner by one or 
other of these agents in all the varying conditions of the atmosphere— 
1st, by providing a reliable and efifleient signal; 2nd, by giving it such a 
clearly distinctive character as to enable the mariner to determine accu¬ 
rately his geographical position. 

The light of the four concentric wick oil lamps for the dioptric lights 
of the first order of Fresnel had an intensity of 230 English candle 
units.^ The electric arc light, first practically produced by Holmes, and 
experimentally installed at the South Foreland in 1858, liad an intensity 
of about 700 candle units. 

Compact fiame luminaries are now being produced from mineral and 
other oils, and coal gas, by improved burners, as shown on the drawing 
Ho. I, having an intensity of 1,600 to 2,000 candle units. With tlio 
‘Wigham' gas-bnrners, consuming rich cannel gas, an intensity of 
nearly 3,000 candles has been reached; but the flames from those bunierH 
have been found to be so wanting in focal compactness, and consoquonily 
so much loss is incurred with their application to optical apparatus of tins 
dimensions convenient for service in coast lighthouses of the first class, 
that the intensity of the resultant beam is not fou\id to exceed that of the 
wre compact flame of lower intensity and consumption of oil or gas, 
With the electric light an intensity of 50,000 candle units is now found 
to be practically and reliably available for the focus of an optical appa¬ 
ratus for coast lighting, so that, with regard to intensity and consequent 
luminary is found to outstrip all competitors. 

With regard to economy, and doubtless for a very wide and general 
application, mineral oil has the advantage of all its rivals up to the maxi¬ 
mum intensity at which flame luminaries are practicable. It has also the 
turther advantage over electricity or gas in its ready application at any 
coast signal s^tion, however isolated, and in many cases where the other 
uminanes referred to would be impracticable. A very elaborate and ex- 
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haustive series of experiments is now being carried out by the Trinity 
House at the South Eoreland with mineral oil, coal and oil gas, and 
electric arc luminaries, for the purpose of determining the exact relative 
efficiency and economy of the three illuminants for coast lighting. The 
results of this important investigation are looked forward to with great 
interest, as marking an important epoch in the progress of coast lighting. 

It is evident that the responsibility for reliable individuality in coast 
signals increases with the development of trade along any line of coast, 
more especially since light and sound signals are compulsorily carried by 
all vessels, whether steam or sailing. 

A S 3 ^stem of occulting coast signal lights was proposed by the late 
Charles Babbage, F.R.S., in 1851, but, unfortunately, the system excluded 
the most powerful and efficient of the existing lights, viz., the revolving 
or flashing class, whose intensity averages about five times that of the 
fixed light, and thi^s Babbage’s proposal lay nearly dormant for many 
years. The subject was brought before the British Association by Sir 
William Thomson, LL.D., F.R.S., at the Brighton meeting in 1872, when 
he drew the attention of the Association to the extreme importance of 
ready identification of lights at sea, and proposed the use of flashing 
lights, their flashes being of longer or shorter dnration; the short and 
long flashes representing the dot and dash of the Morse alphabet as used 
in telegraph}’'. 

Until very recently the distinctive characters of coast signal lights 
consisted of the following—viz , fixed white, fixed red, revolving white, 
revolving rod, revolving alternate white and red. The revolving lights 
showed a flash at periods of 10 seconds, 20 seconds, 30 seconds, 1 minute, 
2 minutes, 3 minutes, and 4 minutes. There were also intermittent or 
occulting lights having an eclipse at periods of ^ minute, 1 minute, or 2 
minutes. It is now generally conceded that fixed lights are no longer 
to be considered as trustworthy coast signals, owing to their liability to 
confusion with other lights, both ashore and afloat. It is also generally 
conceded that the period of a coast signal light should not exceed half a 
minute; further, that time should not form an element in the determina¬ 
tion of the distinctive character of a coast signal. On the coast of Eng¬ 
land the Trinity House are converting as rapidly as practicable all fixed 
lights to occulting, where local dangers are required to be covered with a 
rod sector or sectors of danger light, tn cases where this local mapping 
out of dangers is not required, flashing lights, in consequence of their 
higher intensity, are being adopted. 

The electric arc light is eminently efficient for the occulting class of 
lights with red sectors, owing to the very sharp and perfectly defined lines 
of demarcation that are capable of being produced between the sectors 
with a luminary so small and compact at the focus of the optical apparatus. 

The French Commission des Pharos have lately had under considera¬ 
tion a complete system of electric light and sound signals for the coast 
of France. They have agreed to abolish as far as possible fixed lights, 
and they have determined that time shall not be considered an element 
in the identification of flashing lights. The following code of flashing 
lights, having periods of about ten seconds, proposed by M, Allard, late 
Inspector-General of the French Lighthouses, has been adopted for the 
proposed electric lights when substituted for the existing oil lights, viz., 

Single flashing. 

Double flashing. 
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Triple flashing. 

Quadruple flashing. 

Double flashing—1 white and 1 red. 

Triple flashing—2 white and 1 red. 

Quadruple flashing—3 white and 1 red. 

Quintuple flashing—4 white and 1 red. 

It would appear to be doubtful whether so limited a code would bo 
found to be suflicient for efficiently cox^oriiig any important esctoiit oi c.()aHt, 
and especially where opposite coasts and mid-cliannel shoals are ret|uir{nI 
to be lighted. 

For the most efficient lighting of a coast, the rovolving^^ ox* xnc>r<i 
properly named flashing, class of lights demand the fli*st consideration, 
on account of their superior intensity and penetrative power as compared 
with the fijsed or occulting class. The fact of being able to obluin tt*otn 
three to seven times the intensity of light with the same expend!iiu*e of 
the illuminating material is of itself a very important considerationj 
even when judged on its economic merits ; but, when considered in^ its 
aspect of relative efficiency for the benefit of the mariner, it is iiupossiblo 
to over-estimate its real value, although hitherto its importaneo does not 
appear to have been fairly recognised. The number of coast signals 
throughout the world is about 4,900. Of these about 80 per cent. ar(? 
fixed lights, 19 per cent, only are flashing lights, and 1 per cent, only 
are occulting lights. On the extensive sea coasts of the Dominion of 
Canada there are about 371 coast light signals: of those about 78 per 
cent, are fixed lights, 20 per cent, flashing lights, and 2 per cent, 
occulting lights. With regard to the signal lights on the coast of 
England under the control of the Trinity House, if we except the donbltj 
fixed lights used as leading lights and for distinction, the fi.xccl lights 
represent only 16 per cent., while the flashing lights represent 64 per 
cent, and the occulting lights 20 per cent, of the whole. It is probable 
that in the course of another year there *vvill not remain a single fixed 
light in the service of the Trinity House. 

On Plate V. are shown two alphabetical codes of flashing lights, 
nearly all of which can be produced by existing fox*ms of optical ap¬ 
paratus, which is an important consideration. It ■will bo observed that 
short and long flashes are adopted in the fii\st code, and white and retl 
flashes in the second code. The signals A, M, 0, It, axxd in the 
code, and the signals A, T, and XJ in the second code, luwo betm adopted 
by the Trinity House. With these signals a period of half a minuif? has 
been adopted, as shown on the diagium, axul this period is found io hi* 
generally satisfactory to the mariner. It lias the impoiiant advantage 
over shorter periods ‘of a greatex* intensity of the flashes a<*x5muwlakHi 
during the longer eclipse; and it is to he x'emembox*cd ilmt the optical 
apparatus of large ^ coast lights should not I>o X'otated fasier than is 
absolutely necessary, for two reasons: first, to avoid ixnneccKSury wear 
and tear; and second, to reduce as far as practicable the lnh(uxr reqtximl 
of the light-lceeper in winding up the driving clockwork, which, with 
some of the largest apparatus, forms the heaviest portion of his duty. 

It is an important requirement of any coast signal that the flash or 
group of flashes given in quick succession occupy not less than G to 10 
seconds, to enable a mariner, on first sighting the light, to datermino 
on the instant his correct position by a compass bearing. In the prDp6Bed 
codes the mean duration of the groups of flashes is about 1 0 secimds. It 
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will be observed, on comparing the iwocoilcB, that their general c0icioncy 
with regard to intensity is nearly ct|nal. With the short and long 
Hashing code a waste of light is obviously incurved with the long flashes, 
wliich, for rendering tluau clearly distinctive from the short fiaHhes, are 
necessarily three ihnes the length of the 1at.t(‘r. With tlio white and red 
flasl)ing code a loss is also immrred in eolosiring the red (lashes, which 
artj re<|uircd to have the sairn* |)(jnetrativt‘power as the white flashes* 
Tiiis loss is found to be 5t) pen* cvnl. m*nrly o{‘the initial intensity. It is 
found that, with tlie sliort and lotig tlasliing (a)d(‘ on a thndcly lighted 
coast, tlie distinctions are not suflicicnily 1 rnstworihy; but, by interposing 
portions of the white and red ctale, this clifliculty is roinov^erh In the 
oc.eulting sericss it will ohservcsl that short, a.nd long (‘clipses are sulv 
stit.uted for the sliort and long iluslics of ilu? flashing’ series, and that the 
same periotl of half a niinutci is proposed. Very forturuitoly the occulting 
light is exudstly ilie reverse in appi^araneo of the flashing light The 
ociMiliing light/ is rcsally a. fixed light with short etdipses at i*egular periods, 
and the tlasliing light is a flash, or group of flashes, followed by a long 
e<dlpKti at regular periods, ft is, iherefore, possible to place occaliing 
liglds in close proximity to flashing lights without risk of (confusion. 

Of all the various sound signals now in ns (5 for tho guidance of thb 
mariner during fog, viz., bells, gongs, guns, wdiistles, trumpets, sirens, 
and Kotinds prodtuuKl by explosions of gun«C(d.ton, tlu^ somuls prochicod 
by ihti siren and by o.xplosinns of gnn-<‘oiton have found to ho tho 
most eflicitmi. for Arst^-clnss fog signals ; ilnu’ofoni these signals have ro- 
iiently received i!ic greatest care ami att.imiion in their development. 
The siren doubileHS ranks first, chiefly on a<*eount of the* facility it affords 
for giving sounds of any desired intensity, pitch, or durathm 5 while tho 
explosive sound is always of nearly t!»e same pitch, and its duration is so 
short as to render it liable to he unheard in (touseipionce, rather than from 
lack, of power* 

fl.flio same ne(jessiiy exists with sfunul coast signals as with light 
csoast signals for clear and trustworthy distinctive characters 5 audit is 
twideut that time as an element/of distincitivenCHS should be avoided, 
and for the following r(‘asoim; iirst., the blast, or group of blasts, or ex¬ 
plosions, of a coast, tog signal shoiihl occupy the satno time as the flash 
or group of flashes of a const light signal, say H to 10 seconds, to enable 
the mariner on lumrhig the signal to detcuunine instantly his position by 
a <MnnpaHH bearing of tbe Bound, wbich, fortunately, can hi) aceoin- 
pHshod with suflicient a(!cnra«*y. 

It is not cotisid<u‘ed <lcHiiurde that l.lu^ periods of a ct>aHt fog signal bo 
HO short as those of a coast light sigruil; indeed, it w<»uld appear profiir- 
abli* that Homul signals he given more a.H cautionary aids to navigators, 
h^irst, in consequence of tins nneerinint.y which ncoosaarily attiendn the 
eflbctive mtigo of any,,, sound ; atul mjcmidly, the necessity for navi¬ 
gators to proceed with ifuj utmost care during fog, to avoid collision 
with othcir vessels, Porioils of 1 , S3, Jh ^ minutes have boon 

adopted for the siren, and periods of 5, 10 , and 35 tninutes havn 
been adopted for tho explosive signal. The signal of 2 miimtes* periods 
for the siren would appear to fulfil very fairly the rc<pnrod conditions 
for maximum ofliciency. With siren signalH sounding ono blast of 
0 Ecconds, or groups of two, throe, four, or flvo blasts of 0 seconds 
collectively every two minuttm, wo have fl .seconds of blast to 114 Bocouds 
of silence, or m 1 to Ifl; such a signal has, thmifljro, twenty times 
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the intensity in its blasts compared with that of a similar apparatus if 
sounded continnously. This matter of accnmalativo intensity is a con¬ 
sideration of TCi'y groat iniportancc in determining the periods of a siren 
fog signal in relation to its olHciency for the service of the mariner. 

It is evident that, if wo adopt a 2 minutes’ period for siren coast 
signal blasts, the number of distiiuitivo characters would bo limited to 
about five, vi»i.:— 

One blast every 2 niiuutcH. 

J wo ,, ,, ,, 

’rhreo „ „ „ 

hour ,, ,, ,, 

Jbive 3 , }, ,* 


If, for the purpose of exf,ending the above code, short and long blasts 
be adopted, a serious loss of power must bo incurred with the long blasts ; 
further, it is found to be very desirable to differoniiato the sounds of 
coast sound signals as completely as ])OSsiblo from the sounds of the 
whistlcB and horn signals of sfeam and sailing vessels; therefore, the 
question of establishing a code of siren coast blasts composed of notes of 
high and low pitch has lately received the careful consideration of the 
Trinity House, and, so far, promises to bo very successful. The system 
has the advantage of the same alphabetical letter or number being appro- 
'[mated to the light and the sound signal at each station, which is found 
to be advantageous in aiding tho memory of the mariner. I have shown 
on the])rovious pagoa eompletesdphabctieal code of distitictive chararders 
for coast signals, which can thus bo atlopied, each signal being (Composed 
a combination of high and low nolc's. Tho signals A, (}, K, N, R, and 
U have been already adopted by the Trinity J louse. After a sories of 
cjxbaustivo experiTnental trials, a liigh note of 070 vibrations per second 
and a low note of 290 vibrations per secjoiul have been adopfcecL A sliglR 
inferiority in tho andihiliiy of the high noU^ as compared with that of the 
low note, is found to c^xisi^ where tluy b)ih start with the same initial 
power; but this defect is remedied by inert'asing tho area of tlio ports 
{>f the high-noto siren about 2r^ per cent. On Plato IV. is shown one 
of tho most recent cylindrical lirst-claHS sirotiB in tho semco of the 
Trinity House for sounding a high and a low note. The walls of the 
cylindrical siren chaml»cr, ami the corri^sponding chamber iu which it 
revolves, have two oblitpio rows of ptuds, one above iht» oilier. Idielower 
row, for the low note, coniniiis fourteen ports, and tlu^ tippet* row, fur 
the high note, contains thirty-two ports. The Hircn is surrounded by an 
annular chamber whicdi is divkhnl by a horizontal partition, so that tho 
<;uinpresscd air or Htcam for soimding the instrumant cun he admitted 
stqiaratelj to the high or low note ports. On the Hpiudle of tho Hiron, at 
the lower pari, is fitted a centrifugal governor, wliioh is readily adjuBtablo 
lor any required speed of the iiiHirunumt. It will thus be soon that, by 
any simple automatic arrangement for the adimssion of compresscsd air or 
.sUiam to tho upper or lower ports, any dosirod distinctive diameter can 
bo given to tho signal.* 


* To Mr. <h ir. Blight, Butnulntondiuit of tho Trinity Ihm.so workshops, is ditoihe 
i*yiiudrical form of the in.stnuinuii, ami tlio adjuHtabht centrifugal governor by which 
tho speed is couirolled. Tho imfirovtuaent of the instrument In rendering it auto* 
nuitio in its action, Instead of bring driven by a belt and pulley, was pateni.ed In 
by llohnes, the inventor of the llrst magneto-electric machine mloptcd for 
Hghthouaes. 
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ISTotwitlistanding the short duration of the sound of explosive signals, 
they are rendering valuable service to the mariner in cases where the 
siren, or any other powerful form of sound signal, could not be applied, 
for want of space. The rapidity of combustion, and conseq[uent loud 
report of charges of gun-cotton, compared with equal charges of gun. 
powder, together with the safety in storage of the former, have led the 
Trinity House to adopt gun-cotton largely for coast fog signals; and at 
the snggestion of the late Admiral Sir Eichard Collinson, KC.B., Dejmiy 
Master of the Trinity House, rochets are employed for carrying one or 
more charges of gun-cotton up to a height of 800 to 1,000 feet,’ and then 
causing them to explode. These rockets are most usefully employed at 
stations where obstacles to the sound-waves occur in the seaward arc over 
which they are required to be sent. The sound thus elevated has been 
found to surmount such difficulties most successfully. Gun-cotton has 
also been found to provide a very efficient coast fog signal at isolated 
stations on rocks or shoals where previously, from want of space, nothing 
better than a bell could be applied. On Plate IV. is shown, for tiiis 
form of signal, the apparatus which I have lately designed, and which is 
now adopted by the Trinity House. To the roof of the lighthouse lantern 
is attached a light wrought-iron crane, the jib of which is promptly raised 
and lowered by a worm-wheel and pinion, worked by a hand-wheel inside 
the lantern. When the jib is depressed the lower end reaches near the 
gallery outside the lantern, where the light-keeper suspends the charge 
or charges of gun-cotton with their detonators already attached to the 
electric cable or cables, which are carried from the end of the jib to a 
•small d^/namo-electrio firing machine placed inside the lantern. After 
suspending the charge or charges, the light-keeper returns to the lantern, 
when he raises the jib to the upper position, where the chazgc or charges 
«,re fired nearly vertically over the glazing of the lantern, and thus with¬ 
out causing any fracture of the glass. 

The Kew Edchjstone Liglitlwxm. 

In a paper contributed to the British Association at the Plymout.lx 
meeting in 1877 on the Eddvstono Lighthouse, I explained the nocoasity 
for erectirg a sncccssor to the justly celcbi^ated model of Smonton, in con¬ 
sequence of the portion of the gneiss rock on which it was foundetl having 
been seriously undermined and shaken, also owing to the light being 
frequently eclipsed by each heavy wav© during stormy weather, thus im¬ 
pairing and altering its distinctive character. I now propose to supple¬ 
ment my remarks on ‘ Improvements in Coast Signals * by a brief 
reference to the new lighthouse. To the diagrams of the now structuro 
shown I have added diagrams to the same scale of Smeaton’s lighthouse, 
and the two that preceded it, viz., that of Winstanloy, erected in 
and destroyed by a storm in 1703; the other of Eudyard, commenced in 
1706, lighted in 1708, and destroyed hy fire in 1755. 

The new tower at the Eddystone is a concave elliptic frustrum standing 
on a cylindrical base 44 feet in diameter by 22 feet high; the generating 
curve of the frustrum has a semi-transverse axis of 173 feet, and a semi- 
conjugat© axis of 37 feet. The mean focal plane of the light is 133 feet 
above high water, having a nautical range of I?!* miles. The tower 
consists of 2,171 stones, containing 62,133 cubic f^et, or 4,668 tons of 
granite. All the stones are dovetailed together both horizontally and 
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verlicallj, as shown, on a system snpjgested by the late Mr. N'icholas 
Donglass, C.bb, f<n* the Llaiiois Liglithouso near the island of Clnerii- 
sey. ¥ 1*0111 cxpcrinuaits wliich have boon made upon blocks of bard 
gratiiie ])ut togeiber in ibis niannor with Porfbind cenieni, it has bocu 
found ilud* ibo w<a'k is so boinogoncons as to bo as nearly as possible 
equal to solid gniuib*. 'fbo sysb'in also uObrds great ])roiection to bol.b 
borizonbd and vertical joints against llie wash of tlic sea and general 
safety to ibo work wlum lirsi s(d, tlnus gri^ally fafnlitaiing tho oxetjutiou 
of such an expos(‘d si‘a, si rtu’i nr(*. Maeb stone of tins foundafion courses 
is sunk to a depth of not b‘ss (ban oin? foot Ik*Iow tlio surrounding sur¬ 
face oi; roek, and is fiu'tber se(nir(‘d to the rock by tw’o yellow inefcal 
bobs, b’bo lower contains nine rooms, wlindi arc fitted up lor the 
accointnodaiion of Urn light-keepers and the stores necessary for ilie service 
of Uio light. The rooms ab’o rendered as far as possible fire-proof, iln^ 
doors being of granite, the sbairs and pariitmns of iron, and ilu^ exlcu’iial 
tinors, wiininws, and sbniteis of gun-in<‘ial. The two oil rooms jire 
<‘apabl(Md' storing gallons of oil, and the water tanks bavea capneJt y 

of 4,700 gallons, 1’bo lantern is of the cylindrical helically fra-med type 
now generally adopted by (bo Trinity Honse. The dLstinctivo cliaracler 
of tbo light adopted for Ibis station, to replace the old fixed liglii, is 
white, donhie-flashing at half-uunute periods, sliowing two suecessivo 
(laslK’S, each of about Hi seconds’ duration, dividcKl by an oclipst» of 
about H seconds, the siamnd (lash being followed by au (‘(ilipst\ of about 
20 Kccouds, The optical apparatus consists of iwi) superposed ti(u*s of 
lenses, twelve in each tier. The section of these lenses, which are of (lio 
first-order diuKUisions, having a comuum focus at a (Instance of 920 
luillimetrcM, was designed by i)r. »lobu llo})kinsou, C.M,, in IMSO, 

for the Anvil Point liigbihouse. Kach lens subtends a horiisoutal angle 
at its focus of dO degrees, aud a vertical angle of 92 degrees. I’his 
increased vertical angle, whudi is tho largest, yist adopted for coast 
ilhiminaiion, has biKui ol>iain(!d by (ho jnlopiion of heavy ilint-glass for 
tho six highest and for the three lowest rings of each lurm panel. The 
rclativo cffioimicy of this section lens and tiial. (d* tho old section is BB 
to 70 nearly, and its pow(*r is only about 12 pen* tjcut. leas than that 
<if (.ho cmnpleto scclion of 11 FitsuoI firsl. order apparaiuH, composed 
of hmscH <,mmbined with totally rellocting prisms above and below (liinm 
'riH% focal light is prodimnl by two six-wick Mhuiglass’ oibburners, one 
Inung placed in the common ft>e.ns of eatdi tier of lonHC‘-s. With a chMir 
aimimpherc, and ilu^ Plymoulh Ureakwater light, tun miles diKtunt, 
clearly visible, tho h)wm* hurmu* only^ Is workisl, and at its mlnimnm 
intemsity of idanit 450 cfuitdlo units, giving an iahmsity of tho lluHlms of 
the optical appamiuH of about ll7,W} camlicH; but, whonovor the alnio- 
sphore is ho thick as to impair (he visibility of tho Breakwater lighl., ilu^ 
full power of tho two burnerH is put in action, with an aggregate intcuHity 
in the Ha-Mhes of the optical apparatus of about 159,000 candle nnits. I’biV 
intensity is about twenty-three iinies greater than that of tho (i.vod dio|v 
trio light latterly exhibited from Smeaton’s tower, and about 
iimoB the intensity of ibo light originally^ exhibited in tho same towt^r 
from tallow eandlos. The Kddystono furnishes complete avidonco of iJie 
roeoni progrt^ss in lighthouse illummafeion, and of tho great valno of 

E orfeot oplacal apparatus for tho utilisation^ of the illuminant for the 
enofit of the marmer. The original ohandoHor light in Smoatoids light- 
houw was unaided by optical apparatus, tin* inteimity of the aggregates 
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ligbfc of ifcs twenf.y-four tallow caudles was about sixtyscyen candle units, 
audits cost per hour at the current price of tallow candles would be nearly 
identical with the average cost per hour of the present light, whicli is 
about 2,380 times its intensity. 

The first landing at the rook was made in July 1878. Around fclio 
foundation of the tower a strong coffer-dam of brick and quick-setting 
Roman cement w’^as built, as favourable opportunities of smooth watcu* 
and low tides occurred. The water was removed from this dam at each 
tide by steam pumps worked on board the twin screw tender. 

The work of cutting out the foundations was much facilitated by the 
use of rock drills driven by compressed air supplied from the tender. 
For landing stone the tender was moored at about 30 fathoms from the 
rock, and the stones, averaging tons each, were landed by her 
machinery. Thus every stone in the building, together with the required 
cement, sand, water, &c., was landed and hoisted to the summit of the 
work at single hoists. This is probably the first application of floating 
machinery to the actual erection of an exposed structure at sea. On 
August 19, 1879, the foundation stone was laid by His Eoyal Highness 
the Duke of Edinburgh, Master of the Trinity House, who was accom¬ 
panied by His Royal Highness the Prince of Wales, an Elder Brother of 
the Trinity House. On June 1, 1881, the last stone of the tower was 
laid by His Royal Highness the Master, and on May 18, 1882, His Royal 
Highness completed the undertaking by lighting the lamps and formally 
opening the lighthouse. The work was thus accomplished within four 
years of its comnuencement and one year under the time estimated. The 
author’s estimate for the lighthouse was 78,000Z. Tenders for executing 
the work were obtained by the Trinity House from six eminent contract¬ 
ing firms experienced in the construction of sea structures; but, as the 
lowest ofiTer was considerably in excess of the approved estimate, tlio 
Trinity House determined on carrying out the work, as in previous 
similar cases, by their owm engineering staff. The liglxtliouse was thus 
completed at a cost of 59,255?., being 23per cent, below the estimate. 
The low cost was mainly due to the successful operation of the various 
special mechanical appliances introduced for saving manual labour and 
facilitating the progress of the work. On the completion of the new 
lighthouse, the lantern and upper part of Smeaton’s tower, comprising 
the four moms, were carefully taken down and removed to Plymoutli, 
where, by the public-spirited community of that town, the liopc 1 ven¬ 
tured to express at the Plymouth meeting of the British Association is 
being realised. The lighthouse is being z^e-erected on a suitable hHo on 
Plymouth Hoe as a beacon for the further benefit of the mariner; and 
there, it is to be hoped, it will ever remain as a mormizicnt to the getiiuH of 
Smeaton. 


[Tho diagrams illustrative of tlze lighthouse have not been coKmved.J 
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On A mcvlcan Pemutnenl Way. 

By JosKPii \Vir.soN, A.M., M.hiHl.O.E. 

[A cnmnnmioution ordon'd 1»y tho (Jeiicnil (^jrnuiUtPo to !>(> printed in, extrnm 
ainoni^ th.c Ut'poris. I 

[PLATi:s VT. Vm.] 

Tin; Avord ‘ Anicrioan ’ covers aveiywidc field, Iiududiii^ uoi only Canada 
and tho Ihiited Rtatos, huf. the whale couiinonfc: a vast extent of country, 
with all its varying conditions o£ climate, of constructive material, and of 
]'ail way reqn iromon ts. 

Wlien, iherefom, American Pormanont Way comes to be considered, 
tho subject must necessarily involve a eonsiderabiti variotj of constrnc- 
ilons, dopoiiding upon location and other comliLions. Thus tho form of 
i*onBtruction n'(|uiretl for a I’ailroad in tho Norihern United States or in 
Canada, built to resist the severe winters of these Jatitudos, might bo 
nnnecofisarily expensive for tho mild climato*o£ tho south ; also roads with 
lioavy traffic*, recjulro a more solid and substantial construction tlnui those 
having only a light service; then, again, tho materials of construction 
available in places geographically far apju't are often very ditforent, and 
the engineer must adapt himself to oircuni-stances, using what materials 
ho can host obtain at a reasonable cost. 

Permanent Way, or railway Huperstructiiro, as it is sometimes called, 
is that portion of railway which diretdly receives the weight of the 
moving trains, and transmits it to tho road-bed below. It comprises the 
rails, the cross-tics or sleepers to which these are attached, and tho dis¬ 
tributing matci'ial in whi<*h the ties or sleepers are bedded. The object 
of the permauoiit way, no matter how constructed, is in all cases tho sanu^ 

- -to provide a way for the ninniiig c<|iiipinent of the I’oad to move upon, 
and to HO transmit and distribute tho weight from this to tho Bubsfcruoture, 
that tho laticr, which is usniilly a soft material, a.s eartli, may bts able to 
sustain the load without settlement. 

American l^ermanent Way only dilTers from that of other countries in 
the rwlantal/ion of tho matorialH available for t.lu^ construedhm of the 
taking A, to consid(iration iheir relative ahundaneo and value, and dis¬ 
playing, perhap.s, some of the aptness for whhdi Americans have a 
reputation. 

It is tawHsary for a first-daFS p<'rfcct tra<ik to have good surface, 
good drainage, trko lino, accurate gtuigo, and tight jinnts. 

Kails have been made of wood, iron, and stool. Wood is so soft a sub- 
siattcc, and ho jicrishable, that it can only be employed for very light 
and temporary service, such as is sometimes required m lumber regions. 
It ban hetm so employed, and may bo couHlderodas csssontially ‘American/ 
Iron and Bteel are tho materials used throughout the world for railway 
service proper, and tho cost of steel in late years 1ms so nearly approached 
that of iron, that with its vastly superior qualities it is rapidly driving 
iron out of use; in fact, tho use of iron may ah*eady bo said to be of tins 
past. Tlio slia’j'jo and weight of tho rail is governed by several condiiions. 
Its section must be so formed at tho top as to properly carry the whecds oi‘ 
, 1884. Q Q 
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the moving load with the least amount of wear, and at the bottom so that 
it may be securely attached to the supports upon which it rests, at the 
same time transmitting the load effectively to them. It must be designed 
with the greatest possible economy in weight, to carry with safety its load 
between the points of support, acting as a continuous girder of a span 
equal to the distance of the points of support apart, or rather twice that 
distance, so that in case any one should fail or give w^ay, the rail would 
still be able to carry over the increased span with safety. Theory there¬ 
fore points to a deep rail having a comparatively thin web, with upper 
and lower flanges, the upper flange being rounded to the proper shape to 
receive the wheels of the moving Ipad, allowing sufficient width of bear- 
ing surface to prevent crushing under the action of the wheels, but not 
more than necessary, as the friction would otherwise bo increased; and 
the lower flange shaped to adapt it to the mode of support adopted. In 
England, where iron chaii’s of peculiar kind are used to carry the rail, 
the lower flange is made of a similar form to the upper, while on the 
Continent of Europe and in America the lower flange is made flat to rest 
on a timber tie or sleeper. The width of this flange should be such that 
the load will not cause the rail to sink into the timber. The web of the 
rail must be sufficiently thick to give stiffness sideways, and prevent 
the load bending the top of* the rail over and crushing it. The section 
of the rail is made symmetrical about a vortical axis, allowing of re¬ 
versal, if desired, when the inner edge has become seriously worn by the 
wheels. 

As to the proper depth and weight of the rail, it will readily be soon 
that this depends upon the distance that the supports are placed apart 
and the load carried. The loads carried on first-class American railways 
are no lighter than those carried on European railways. Class K engine^' 
as used on the Pennsylvania Bailroad, has a total weight in woxddng order 
of 92,700 pounds, distributed on a wheel base of 22 feet 7^ inobea, and 
a weight on the first pair of drivers of 38,600 pounds. Class L engine, on 
same road, has a total weight of 124,100 pounds, on a wheel base of 31 
feet 4 inches, with a load on the main pair of drivers of 32,600 pounds. 
Class M engine has a total weight of 87,500 pounds,, on a wheel base of 
only 10 feet 8 inches, and a weight on the first pair of drivers of 33,400 
pounds. But in Europe, where timber is expensive, the ties or slcopors 
are placed farther apart than they are in America, and theroforo heavier 
rails are required. So long as timber is cheap in this country light rails 
will be used, but there is a tendency on some linos to heavier rails. 

In assuming the proper load to be used in calculating tho proportions 
and weight of rail, it is not sufficient to take tho static weight from the 
heaviest wheel, but an amount must be added to this on account of tho 
load being a live or moving load, and also for impact, the tondoney of a 
rapidly moving train, particularly with the driving wheels of the oxigino, 
being to pound down as it were upon the track, making sudden applica¬ 
tions of heavy loads. The percentages of addition thus required to tho 
dead load carmot be determined theoretically, but must bo assumed more 
or less empirically, depending upon the results of practical experience. 
The mis, when fastened firmly to their supports, must also possess suffi¬ 
cient lateral stiffness to resist all deflection sideways from the swinging 
motion of the train, centrifugal force on curves, &o. 

The author is indebted to the courtesy of the Cambria Iron Company, 
Johnstown, Penn., for the standard sections of steel rails shown on Plates 
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VL and Ylli, as adopted and in use on a number of American roads. These 
will represent pretty fairly the general practice throughout the country. 
In comparing these it must be borne in mind that the service on some 
lines is not so severe as on others; also that the same railroad company 
uses lighter sections on its branch lines than on its main stem, on account 
of the difference in service. Sections that are quite suitable in one case 
are not so in others. 

The numbers by which the several sections are designated are those 
of the Cambria Iron Company. Where the roads nsing any section are 
noted, and the date is given, it simply means that this section was rolled 
for that railroad at that date. It does not follow that the railroad in 
question may not have changed its section at some other mill since then; 
but this is a matter that could not be ascertained, and its probability is 
not very great. 

The Grand Trunk Railway of Canada uses the Sandberg pattern of 
T rail, weight 65 pounds per yard. 

The Chicago and IjTorth-Western Railway Company are using 30-feefe 
rails, the weight on main lines since 1882 being 65 pounds per yard, on 
less important lines GO pounds per yard, and some 56 and 50 pound rails 
on branches. 

The material of which rails are formed requires great care in selection. 
It must be sufficiently strong to sustain as a girder, tough to avoid all 
brittleness and danger of breaking under sudden shocks, and at the same 
time compact in texture and having hardness in the top to resist wearing 
action under service. With iron rails it is sought to arrange for these 
qualities in the packing or building up of the masses of iron from which 
the rails are rol|id, taking advantage of the well-known principle that the 
different parts of the mass keep their same relative positions in the section 
of the bar when z’olled out as in the original pile. Harder material is put 
in the top of the pile, and softer in the bottom. Steel rails, however, are 
rolled from solid ingots, and as a consequence they are of a homogeneous 
texture throughout. They do not split' like iron rails, which sometimes 
shows the result of imperfect welding between the separate pieces of which 
the original pile from which the rail was rolled was formed. 

Rails are rolled to a certain maximum length, 30 feet being the usual 
standard on American roads; but there is always a certain proportion of 
shorter rails allowed, wffiioh however must conform to regular specified 
lengths, these being generally axTanged to conform to the standard 
spaciugs of the cross-ties. 

The following specification of the Pennsylvania Railroad Company 
for steel rails, adopted January 27, 1879, may bo regarded as a standard 
for hrst-class manufacture:— 

* As it is the desire of the Pennsylvania Railroad Company to have on 
the roads under their control none but first-class tracks in every respect, 
and as the rails laid down on these tracks form an important part in the 
achievement of this result, the Pennsylvania Railroad Company have 

. found it necessary to make certain demands in regard to the manufacture 
of their steel rails, with which the different rolling mills and rail inspectors 
will be required to comply:— 

* 1. The steel used for rails shall be in accordance with the 
" jjneumatic ’’ or the opep^eartb ” process, and contain not less than 

thirty nor more than fi% One-hundredths of q?ae per cent, of carbon. 

^2. The result of the carbon test of each charge, of which the 

^ Q 2 
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Pennsylvania Railroad Company is to receive rails, and of wMeh an 
official record is kept at each mill, is to be exhibited to the rail inspector. 

‘ 3. A test bar, three quarters of an inch wide, and about ten incios 
long, is to be taken from a web of rail made from each charge. 

‘ 4. The number of the charge and place and year of manufacture shall 
be marked in plain figures and letters on the side of the web of each rail. 

‘ 5. The sections of the rails rolled shall correspond with the respective 
templates issued by the Pennsylvania Railroad Company, showing the shape 
and dimensions of the different rails adopted as their standard. 

* 6. The space between the web of the rails and template representing 
the splice-bar shall not be less than one quarter of an inch, nor more than 
three-eighths of an inch. 

‘ 7. The weight of rails shall be kept as near to the standard weights 
as can be demanded after complying with section ISTo. 5. 

‘8. Circular holes one inch in diameter shall be drilled through the 
web in the centre thereof, at equal distances from the upper surface of the 
flange and lower surface of the head, and three and fifteen-sixteenths 
inches from, the end of the rail to the centre of the first hole, and of five 
inches from the centre of the first hole to the centre of the second hole. 

* 9. The lengths of rails at sixty degrees Fahrenheit shall be kept 
within one quarter of an inch of the standard lengths, which are thirty 
feet, twenty-seven and one-half and twenty-five feet. That nob more 
than ten per cent, of the shorter lengths, nor more than five per cent, of 
ISTo. 2 rails,‘Will be accepted on any one contract. 

‘ 10. The rough edges produced at the ends of the rails by the saw 
shall be well trimmed off and filed. 

‘11. All I'ails are to be straightened in order to insure a perfectly 
straight traclc. 

‘ 12. The causes for temporary rejection of the rails ai*e— 

‘ (1) Crooked rails. 

‘ (2) Imperfect ends (which, after being cut off, w^onkl give a per¬ 
fect rail of one of the standard short lengths), 

‘ (3) Missing test reports. 

‘ (4) A variation of more than one quarter of an inch from the 
standard lengths. 

*13. The causes for the permanent rejection of a rail, as a ISTo. I rail, 
are— 

* (1) A bad test report, showing a dofioieiicy oi^ excess of carboiu 

* (2) The presence of a flaw of one quarter of an inch in depth 

in any part of the rail. 

* (3) A gi'eatcr variation between tbo rail and splicc-bar than is 

allowed in paragraph Ro. G. 

* (4) The presence of such other imperfections as may involve a 

possibility of the rail breaking in the track.* 

In the construction of a railroad, the rails should be accurately laid to 
line and level stakes as given by the engineer. On straight lines the two 
rails of a track must be laid to the same level, but on curves the ontei* 
rail is elevated according to the degree of curvature, tbo elevation cotn- 
mencing at each end back of the point of curvature, by a distance also 
depending upon the sharpness of me curve, and increasing to the curve 
itself, around which the full elevation is carried uniformly. The amount 
of elevation varies on different roads, and indeed on the branches and 
main stem of the name road, depending upon the velocity at which trains 
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are intended to be run. If one I'ides at a rapid rate over a road adapted 
in this respect for slow speed, he will soon discover the want of elevation 
to the curves. John B. Henck, an American civil engineer of great 
reputation for his ‘ Field-book for Bailroad Engineers,’ published many 
years ago, gives the following table for elevation of the outer rail on 
curves, based on the question of centrifugal force tending to throw the 
car against the outer rail, and the elevation of the same above the inner 
one to counteract it. Practical use of this table has demonstrated its 
correctness. M in the table represents the speed of train in miles per 
hour, and the elevation is given in decimals of a foot for the degree of 
curvature and the speed of train M. 


ELEVATION OF OU'l’ER RAIL ON CURVES. 
John I>. Honck, A.M., C.E. 


Degree 

M=ir) 

M^20 

M=25 

o 

CO 

i! 

M«40 

M=50 

a 

I 

•012 

•022 

•034 

•049 

•088 

*137 

2 

•025 

•044 

•068 

•099 

•175 

•274 

2 

•037 

•OSS 

•103 

•148 

•263 

•411 

4 

•049 

•088 

•137 

*197 

•351 

•548 

Ji 

•r62 

•110 

•171 

•247 

•438 

•688 

a 

•074 

•l.Sl 

*205 

•29C 

•526 

•822 

7 

•08C 

•153 

•240 

•345 

•613 

•968 

s 

•099 

•175 ! 

•274 

•394 

•701 

1-095 

0 

•111 

•197 i 

^ *308 

•443 

*788 

1-232 

10 

•123 

•219 

•342 

•493 

•876 

1-368 


Of course some of these figures are merely theoretical, and out of the 
question practically. Ko one would expect to go around a ten-degree 
curve at 50 miles per hour, but would reduce speed. 

the Atlantic and Pacific Railroad Company elevate the curve one 
half-inch per degree up to a ten-degree curve which has an elevation of 
5 inches, and all sharper curves are kept at this siime elevation. This 
corresponds very nearly with Houck’s table for thirty miles per hour. 
The elevation of outer rail is run off, on to straight track, a distance of 
10 feet per degree of curvature. Thus for a two-degree curve the 
distance on the tangent is 20 feet, and for a ten-degree curve it is 100 
feet. There may be cases where reverse curves come close together, and 
this rule cannot be strictly carried out; but an endeavour is always made 
in such cases, if possible, to secure at least 50 feet of level track on a 
tangent. Where two curves in the same direction are connected by a 
tangent less than 100 feet long, the elevation is carried through from 
curve to curve without reduction; and if the tangent exceeds 100 feet the 
regular inclinations are made from each curve until they meet, or until 
level track is reached. These illustrations will serve to show the varia¬ 
tions in practice with different roads. The rules for elevation of course do 
not apply in yard tracks. All rails for curves should bo bent to the 
proper curvature before being laid on the ties. 

Several different standards of gauge of track have been used ou 
American roads; 6 feet, 5 feet, 4 feet 8| inches or 4 feet 9 inches (a 
modification adopted for compromise cars), also the various narrow gauges, 
from 2 feet 6 inches to 3 feet 6 inches. There is a considerable tendency 
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towards a uniform gauge of 4 feet 8^ or 9 iiiolies, and there have been 
several noted changes on long lines from G feet gauge to 4 feet 8-g-inclieSj the 
operation being peiformed in an almost incredibly short interval of time. 

Rails are connected together by joints, and the more closely a joinh 
approximates to a continnons rail, the nearer it reaches perfection. Some 
years ago the joints were placed on the supports, but they proved too 
rigid, the ends of the rails being hammered or battered down under 
service, and it was found best to place them between the supports. The 
use of double fish-plates has now become almost universal. These fish¬ 
plates or splices are made to hug up well between the top and bottom 
flanges of the rail, and in their best form are generally about 24 inches in 
length, with a wide angular flange spreading out over the lower flange of 
the rail. Two splices ai*e used at each joint, one on each side of the rails^ 
and they are connected together through the webs of the rails by four 
bolts which draw them up tightly together, rigidly binding the rails into 
line and surface. These bolts have semi-spherical heads, allowing as little 
obstruction as possible, and they should be arrauged so that they cannot 
turn in the holes; the nuts, which are always placed on the outside of the 
trach, being provided with some approved mechanical device to prevent 
turning and consequently loosening of the bolts. A spiral w^asher, as 
shown in the illustration of standard track Pennsylvania Railroad, answers 
very well, and the arrangement used by the Cambria Iron Company (see 
Plate YI.) is also good. An allowance must always be made in a joint 
between the ends of the rails, for expansion. The maximum amount will 
vary probably somewhat with the climate, being dependent upon the 
difference between the extremes of temperature at different times of the 
year, and the space actually allowed in the process of track-laying is of 
course different at different seasons. In latitude 40 degrees it is customary 
to give 5-16ths of an inch in winter and l-16th of an inch iu summer. 
Iron shims of the requisite thickness should be used to separate the rails 
in laying. The best practice places the joint of one lino of rails opposite 
the centre of the rail on the other line of the same ti’ack. This arrange¬ 
ment tends to break up any tendency to a regular jolting or jumping of 
the cars as they pass over the joints, an effect that increases by the regular* 
repetition, and is very disagreeable on roads laid with the joints opposite. 
Plate VI. shows another form of rail-fastenings, for whicli the author is 
also indebted to the Cambria Iron Company. 

Supports of iron for the I'ails have been adopted with success, where 
timber is very scarce or is liable to rapid decay, as in India or other 
tropical countries. In temperate climates, however, timber is used almost 
universally, ci’eosoting or some other preservative process being some¬ 
times employed, particularly in Europe, to increase its longevity. Thom 
is a prevalent opinion that timber, on account of its elasticity, is essential 
for Supports in order to make a good road ; but this docs not seem to b# 
borne out in fact, as iron has been used quite successfully where its ex¬ 
pense has not been an objection. In America timber is still abundant, and 
many^ years may elapse before other material is used to any extent; but 
the time mZ? come when something else must take its place, and far- 
railroad men are already looking forward to the wrought-iron or 
of the future. Notwithstanding the experience of Europe, 
it Is 0^^stion whether preservatives are of much use for wooden ties in 
Am^l% rOn roads where there is heavy service, the material often wears 
out before decaying; the harder kinds of wood, which are the best for 
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service, do not aljsorb a preservative solution as readily as the softer and 
inferior kinds, which latter wear out very rapidly, and the cost of using a 
preservative would only be a useless expense. 

On roads with very light traffic, operated by horse-power, as street 
railways, longitudinal timbers placed under the rails have been generally 
used as supports, those for the same track being tied across at intervals 
to preserve the gauge of track. This arrangement, however, will not 
answer for locomotive ti'affic; and even for street railways, as already inti¬ 
mated by the author, it is being abandoned, a form of rail being adopted 
that will admit of the use of cross ties. A longitudinal sleeper is very apt 
to split with the spikes which must be driven into it at frequent intervals 
in its length to hold the rail, water gets into these cracks, softening and 
decaying the timber, and there is a great tendency in the rail to sink intO' 
the wood, the supporting power being lost. Timber will always bear* 
a load best resting across the grain, even when in first-class condition; 
the cross-tie system also offers great advantages in renewals over the 
longitudinal stringer system, vastly increasing facilities of replacing 
material without delay or interruption of traffic. Even on bridges 
where longitudinal stringers have been used for years, on account of 
advantages obtained in the details of construction of the floor system, 
they are now being abandoned and a cross-tie system adopted. The 
rationale of the present almost universal method of timber cross* tie 
supports is therefore readily seen. 

These ties are placed at frequent intervals, sufficient to properly 
support the rails, the latter being securely spiked to them, and the ties, 
in addition to giving the proper support, tie the x^ails together to gauge, 
and by their hold in the ballast below, keep the whole track in line. 
Hence the American word ‘ cross-iie,' at once descriptive and appropriate. 
The cross-tie should, if possible, be of what is technically termed ‘ hard 
wood,' and of all woods in America the best for this purpose is white oak,. 
This is the case at least in the temperate zone. There may be some woods 
in the tropics, unknown to the author, that are better. 

The more bearing surface the rail has on the tie, and the more surface 
the tie has on the ballasting material below it, the better and more stable the 
track, Honco the ties should be flattened on the upper and lower sides, and 
a minimum width of flat surface should bo specified, less than which will 
not be allowed. The sides of the tics arc only barked and left rounding. 
Sawed ties are sometimes used cut square on all sides, but hewn ties are 
by far the best,’ less liable to decay, and giving a better shape with the 
rounded sides. The length of the tie should be sufficient to give ample 
allowance outside of each rail and all the requisite bearing surface on the 
ballast bolow. Hard-wood ties not only carry the rails better than soft 
wood, but they will also hold the spikes two or three times as firmly. In 
soft wood the spike bruises and breaks the fibres, while in hard wood it 
tends to compress and push them back on themselves, increasing the 
pressure against the sides of the spike and holding it tighter. The great 
scarcity of hard woods in some sections necessitates, however, the use of 
softer and inferior material—hemlock, spruce, the various kinds of, pine, 
&c,—and hemlock in particular is used, in large quantities, being very 
abundantly distributed oyer the country, notwithstanding that it is one 
of the poorest woods for the purpose, and liable to very rapid and decep- 
tiye decay, the interior going first, leaving only a hollow shell of good 
timber outside. 
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In Canada, tamarac and cedar are also used for ties. Tamarac can 
only be obtained in certain distiucts. It is a timber somewliat resembling 
larch, is higher priced than hemlock, but lasts longer. Cedar and locust 
are both good woods in lasting prox^erties, but are softer than desirable, 
particularly the former. 

Uniformity in the size of cross-ties is important, especially in cold 
latitudes, as in the spring of the year lai'ge ties hold the frost much longer 
than the smaller ones, and irregularity in line and surface of road occur 
under service. 

The spikes which are used to secure the rails to the cross-ties should 
not be less than 5 inches in length, better 5 ^ inches, should be square in 
section of an inch each side, and should have a flat head projecting to 
one side to catch the flange of the rail. The lower end of the spike should 
be flat- or chisel-pointed in a direction to cut across the grain of the tie, 
and not to split it. The spikes should be sound, smooth, well-shaped, 
and of double-refined iron, bending cold at least ninety degrees without sign 
of fracture. The length of spike necessitates the depth of cross-ties being 
at least 6 to 7 inches, and they should also be of this size to perform 
their other requirements. They should have not less than 8 inches 
across their flatted surface, and ought to be at least 8 or, better, 8^ feet 
long for a 4 feet 8^ inches or 4 feet 9 inches gauge. 

Some years ago the regular distance for laying cross-tics was 2 feet 
6 inches centre to centre, and this may still be the custom on some of the 
lighter roads, but those with heavier surface are now laying them much 
closer. They are usually placed 18 inches to centres under joints, and 
2 feet to centres at other places, making for a 30-feet rail 2,640 ties to 
the mile of single track. Circumstances may, however, justify the 
engineer increasing the distance. The question is governed by the 
width of tie, the allowable carrying length of rail, and the space required 
between the ties to provide for proper tamping of ballast around them. 

A true track requires, of course, that the ties should be laid to a 
uniform top surface. If the tie is twisted it should he made true on top 
by adzing, to give an even bearing to the rail for the whole width, bixt 
under no circumstances should a tie be notched. This only allows water 
to enter the pores and decay the timber, besides being a clisfiguroment to 
the track. The ends of the ties should be lined up parallel with the rail 
on one side, always the outside for double track, the ties should bo well 
ramtned into the ballast or bearing material below them, and they must 
have a plid bearing for their whole length. The rails must be si)ikod on 
the inside and outside at each tie, on straight lines as well as on curves, 
and the spikes must be driven so as to keep the ties at right angles to the 
rails. There are therefore four spikes to each tie. Those on opposite 
sides of the same rail should not be placed in line, as it increases the 
tendency of the tie to split; and this rule should be carried out also at 
sjylices, the two spike notches in each splice being made unsymmetrical 
with the centre of splice so as to insure this I'esult. Special ties are required 
under switches and crossings, according to the standard diagrams of the 
special road for which they are intended. 

The ordinary life of a tie is from five to ten yeax^s, depending upon 
location, drainage, service, &c. White oak ties only last on the main 
line of the Pennsylvania Railroad from five to six yes/rs on an average, 
to they might have nearly double that life on a road with less and 
lighter traffic. Hemlock and spruce, in favourable locations, will last 
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from tliree to five years, and cedar eight to ten years, bat the latter being 
so soft a wood will only stand light service on easy grades. Timber will 
last mnch longer in a severe climate where it is frozen np uniformly for 
3nany months in the year, than it will in a temperate climate, exposed to 
alternate freezing and thawing. 

The following is the standard specification of the Pennsylvania Bail- 
road for cross-ties as adopted January 1, 1879 :— 

‘ 1. All ties must be made of green or living timber, of good quality, 
and free from decayed knots or other unsound parts. White oak and 
rock oak will be the only kinds of timber admitted. 

‘ 2. Ties must be eight and a half feet long, seven inches thick, and 
not less than seven inches wide ; to be hown on two sides with straight 
faces, of an even thickness, sawed off square at each end, and stripped of 
the hark. 

‘3. l^'o variation will be allow’-ed in the length and thickness given 
above. 

‘ 4. No sawed or split ties will be received. 

‘ 5. They must be delivered on the line of the railroad, stacked up in 
neat square stacks of fifty each, with alternate layers crossing each other, 
on ground which is as high or higher than the grade of the road, and in 
such position as to admit of being counted and inspected. 

‘ 6. Ties delivered at suitable and convenient places, will he inspected, 
and bills made for all received and accepted to the fifteenth of each 
month. The payments will be made on or about the fifteenth of suc¬ 
ceeding month.’ 

The number of ties used for each 30-feet rail ai'e—for main running 
tracks, sixteen ties ; for branch roads and third tracks on main lines used 
exclusively for fi‘eight tiuins, fourteen ties *, and for sidings and tracks 
used for standing cars only, not exceeding twelve ties. 

The Grand Trunk Hallway of Canada uses ties 8 inches flatted face, 
by 6 inches thick and 8 feet long, 2,640 to the mile. The material 
is white oak, hemlock, or tamarac, the former now becoming very 
scarce. White oak lasts ten to twelve years, and the other woods about 
six years. 

The Atlantic and Pacific Eailroad ('western division) uses ties 
8 inches by 6 inches by 8 feet long, mostly native pine, but on heavy 
grades and curves oak ties are used; number to the mile, 2,816. 

The Cincinnati Southern Bailway specifies ties ‘ of either white, post, 
burr, or chestnut oak, or other timber approved by the engineer, cut from 
sound live timber, free from rotten or loose knots, worm-holes, dry rot, 
wind-shakes, or other imperfections affecting the strength and durability 
of the wood. All bark must bo removed. They must be 8 feet in length, 
not less than 0 or more than 6-^ inches in thickness ; one-fourth the num¬ 
ber must measure not less than ten inches face for the entire length of 
the tie, and the remainder not less than 8 inches; the faces must be 
parallel, not winding, smooth, free from deep score-marks and splinters. 
Ties must be cut square at the ends, and be straight in all directions. 
Not more than one inch of sap will be allowed on the face of sawed ties, 
2,640 ties are used to the mile of single track.’ 

The standard hard-wood ties or the Chicago and North-Western 
Bailway have the following order of value: white oak, burr oak, red elm, 
cherry, black ash, and butternut. They are 8 feet in length, and 6 by 8 
inches section if sawed, or 6 inches thick with 6 inches face if hewnu 
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The soft wood ties are cedar and hemlock, and have 7 inches depth by 
7 inches face j 3,000 tics are used to the mile. 

The Chicago, Burlington,, and Quincy Bailroad uses oak ties entirely 
on main line, but cedar on some of the branches, the sizes being the same 
as for oak. The specifications for oak ties require all to he hewn from 
sound live white, burr, or post oak, 8 feet long when squared at the ends, 
not less than 6 inches nor more than 7 inches thick, at least 85 per cent, 
to have not less than 8 inches face, and .none less than 7 inches face. 
3,000 tiCvS are used to the mile on main line, and down to 2,640 on the 
branches. 

The cross-ties are bedded in what is termed ballast. The embank¬ 
ment or cutting of the road is finished to a certain width, depending 
upon the question of single or double track, and the class of road that is 
being built. In cuttings sufficient width must always be allowed for 
good drainage ditches on each side, and on embankments enough width 
to rightly sustain the ballast and ties. The road-hcd should then be 
sloped from the centi’a! portion to the sides to drain off properly. 
Embankments on single track are made from 14 to 16 feet wide at 
top, and 24 to 28 feet on double track. Cuttings on single track arc 
from 16 to 21 feet wide, and on double track 26 to 32 feet. It may be 
necessary in some cuttings, depending upon the nature *of the material 
and its liability to wash clown on the track, to have very wide ditches, 
and these exceptional eases must be provided for. The road-bed being 
properly prepared, the ballast is laid upon it. This ballast is either 
broken stone, gravel, sand, burnt clay, cinders, shells, refuse coal-siftings 
from the mines, or simply earth, the latter being really no ballast at 
all, but merely the ties bedded in the earth, properly r^ammed, and sur¬ 
faced with the right slope for drainage between the ties. The question of 
material for ballast depends altogether on what can be obtained at a 
reasonable price; and if inferior material is used, of Course so much the 
less perfect the road is. 

The ballast acts as an elastic bed, receiving the load from tho moving 
train and spreading it out over a broad surface, and also serves as a drain 
to carry off the water from r^ain or snow to the ditches, and not allow it 
to freeze around the ties in winter, or to form wet holes in the road-bed, 
into which the ties and ballast will work and sink. First-class ballast 
material should bo clean, hard, and always of such consistency m will 
allow of the passage of water through it. The best ballast m a hard 
durable stone, not liable to decomposition or disintegration under the 
action of the weather, such as limestone or trap, when broken into angular 
fragments not larger than will pass through a two and a half inch ring. 
The amount placed under the ties is very variable, tho question, unfor¬ 
tunately, not always being how much is best, but how much can the' 
railroad company afford to nse. For tho best, or a first-class track, there 
should not be less than 12 inches, although many roads which are 
considered as high-class do not use over 9 inches. 

On the Cincinnati Southern Railway portions of tho road through 
day formation have twelve inches of ballast under tho ties; other parts, 
where .thb grading is light, have only six inches, and the engineer’s 
were made for the whole hno on an average of nine inches for 
I^nd six inches for sidings. (See Report of December 1877, 
ti^ere been some modification in the standard.) 

l^ilasim thiis ihpieik specified of gravel or broken stone; the gravel 
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to be clean, free from clay or boulders larger than two and a half inches 
in any direction, and it nmst not contain more than one-third of sand ; the 
broken stone to be of good durable and hard limestone or sandstone 
a.pproved by the engineer, and not larger than two and a half inches in 
any direction. 

The Chicago and Korth-Western Eailway Company uses, as standard, 
one foot of ballast nnder ties, either gravel or broken stone. 

The Atlantic and Pacific Railroad Company (western division) uses 
gravel, stone, or earth ballast. 

The Chicago, Burlington, and Qnincy Railroad Company has been 
for some time experimenting with burnt clay for ballast, having had two 
miles of this in use for two years, and it contemplates putting in about 
fifteen miles additional this season. "Where the road is nob ballasted, it is 
surfaced up with the soil, filling in between rails about two inches above 
the tie, sloping each side so as to clear the bottom of the rail, and running 
down to the bottom of the tie at the ends. The company possesses some 
excellent gravel beds in Illinois, has about 425 miles of its road ballasted 
with gravel in that state, and about 50 miles with broken stone. In Iowa, 
however, where the supply is deficient, it has oialy about 150 miles with 
gravel ballast and the same amount with broken stone. It is in Iowa 
that the buimt clay ballast will be used. 

The Pennsylvania Railroad Company specifies that there must he a 
uniform depth of at least twelve inches of clean broken stone or gravel 
under the ties. The ballast must be filled up evenly between, but not 
above, the top of the ties, and also between the main tracks and sidings 
where stone ballast is used. In filling up between the tracks, coarse 
large stones must be placed in the bottom in order to provide for drain- 
age; but care should be taken to keep the coarse stone away from the 
ends of the ties. At the outer ends of the ties the ballast must be sloped 
off evenly to the sub-grade. When stone is used it must be broken 
evenly, and not larger than a cube that will pass through a two and a 
half inch ring. 

The Grand Trunk Railway Company of Ca.nada uses gravel for 
ballast, from pits, taking the best the countiy affords, putting about six 
inches in depth under the ties, and filling in between the latter to theix" 
surface. 

Por good drainage the ditches must be ample, well made, with proper 
grades, and kept well cleaned out. The Pennsylvania Railroad Company 
lias been sodding a great many of the slopes of its cuttings to prevent the 
material from washing into the ditches, and the result has been vei*y . 
successful, saving the cost of maintenance and at the same time improv¬ 
ing the appearance of the road. It has also had a number of gutters 
made with a concrete of Portland cement two inches thick laid on stone 
ballast four inches thick, having a granolithic top of one inch, and cut 
into fiags of six feet long. These have given general satisfaction, and 
the use of them is being extended at various points. In its instructions 
to road-foremen the Pennsylvania Railroad Company specifies for ditches, 

‘ that the cross section at the highest point must be of the width and 
depth as shown on the standard drawing, and graded parallel with the 
track, so as to pass water freely during heavy raius and thoroughly drain 
the road-bed. The line of the bottom of the ditch must be made parallel 
with the rails, and well and neatly defined, at a distance of not less than 
seven feet from the outside rail. All necessary cross drains must be put 
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in at proper intervals. Eartli taken from ditcbes or elsewhere must be 
dumped over the banks, and not left at or near the ends of the ties, but 
distributed ov’er the slope. Earth taken out of the ditches in cuts, must 
nob be thrown on the slope. The channels or streams for a considerable 
distance above the road should bo examined, and bxnsh, drift, and other 
obstructions removed. Ditches, culverts, and box drains should be 
cleaned of all obstructions, and the outlets and inlets of the same kept 
open to allow a free flow of water at all times.^ 

All sidings should be kept in as good order as practicable, but it is 
not necessary that they be kept up to the standard of main tracks, 
second-class rails and ties, or partly worn material from the main tracks, 
being usually used for their construction. 

In reference to turn-outs and crossings from one track to another, the 
general arrangement is very well illustrated by the standards of the 
Pennsylvania Railroad, also the standard third track connections of the 
same road. The old-fashioned stub switch is now entirely out of date. 
It will of course be found on many roads, bub now switches of this 
kind are not being introduced anywhere in first-class work. The term 
switch * is an American word, and indicates any arrangement of 
movable rails, used for the purpose of transferring a train from one 
track to another. In the stub switch, where the lines of rails separate, 
each pair of the four rails arc brought as closely together as will just 
allow the flanges of the wheels to run between them. The last pair 
of rails of the single track are then connected together to gauge by 
bars, and have only the rear ends fixed to the ties, the other ends 
being made so as to swing back and forth horizontally, by means of a 
lever in front of either pair of the divei’ging lines, so that a continuous 
oonnection can be made with either one ov the other. The ends of these 
movable rails, which are called switch rails, rest on slide plates which 
receive and partially secure them, limiting their movement, or the 
^ throw ’ of the switch, to the distance between the rails of the diverging 
lines. A small opening or space must always be left between the end of 
the switch rail and the next rail, to allow not only for expansion and con¬ 
traction under changes of temperature, but also the creeping of the rails 
under service, both of which causes tend to close up the space, and hold 
the switch rails so tightly in place that they cannot be moved and the 
switch opened. But the w’-ant of continuity in the track causes severe 
shocks and jars to passing trains, not only uncomfortable to passengers, 
but also battering down the ends of the rails, rapidly destroying them 
and the ties below, and causing much trouble. In addition to these dis¬ 
advantages, inherent in the form of switch, it possesses no elements of 
safety. If placed for the wrong track, a train approaching from the side 
of the diverging lines must be derailed. 

The great advances which have been made in the scientific operating 
of railroads in this country, and the vastly inci'eased traffic, demanding 
greater comfort and greater safety, have necessitated some form of 
switch that would pass trains smoothly and easily, free from the shocks 
and jars experienced with the old form, easily operated without risk of 
being locked by changes of temperature or creeping of rails, and, at 
least on the main tracks, of a switch that even if set wrong would not 
derail a train. These wants have been met by the split or point switch. 

The split switch as made in America is of the same type as has been 
used almost altogether in Europe, but there may be some differences 
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in details, or in tlie application of tlie principle. This form of switch 
consists simply of a movable pair of split or tapering rails, which are 
fastened to the two inside rails of the fonr that come together, the outer 
rails being fixed, and connected and made continuous with the single 
track from which the divergence takes place. These split rails at the 
opposite end are free to be shifted sideways and move with each other, 
being tied together to a certain fixed distance apart by rods, this dis¬ 
tance being made so that only one of them can be in contact wdth a fixed 
rail at the same time, the other being separated from the fixed rail by a 
space, called the ‘throwing’ of the switch, safficient to pass the flanges 
of wheels of trains. The free end of the pointed rails is called the ‘ toe/ 
and the fixed or pivot end the ‘ heel ’ of the switch. * At the heel, the 
fixed distance from the adjoining rail must be enough to pass wheels 
easily. It is essential that the point when pressed up against the fixed 
or * stock ’ rail, as it is called, should leave no projection that a wheel 
approaching the switch could run against. Tor some years it was 
customary to make the points quite blunt, and to cut a recess into the 
side of the stock rail for the point to fit into ; but as now made, the 
point rails are tapered down to a thin wedge, and shaped so as to fit 
very closely to the stock rails resting on them, and having the thin point 
also tapered for a short distance from the end, so that there will be no- 
risk of the wheels touching the point rails until they reach a thicker 
part. Nothing has to be done to the stock rails, and no changes of 
temperature or creeping of rails will affect the point rails. The throw of 
the switch is usually made about 3-| or 4 inches, to avoid any danger 
of the open end of the point being struck by the back of a wheel, although 
less throw would answer. Sometimes short guard rails are used in 
front of the points to protect them. The two point rails require to be 
connected together by rods or bars, which should be as low to the sur^ 
face of the cross-ties as possible, and rigid vertically, while flexible to 
some extent sideways to allow of self-adjustment. 

Split switches are made by a number of firms, each of which usually 
has some special patent or detail of its own in the style which it builds. 
“Pig. 1, Plate VI11., shows the split switch as made by the Pennsylvania 
Steel Company, which will very well illustrate the type. The fbi^m of 
connecting bar is also shown. The two arms of the bar arc rigidly 
attached to the webs of the rails, and ai*e secured together in the centre 
by means of two flat plates, which lay on each side of them, and are 
I’iveted together* through a separating block. The arms, having only one 
rivet in each, can adjust themselves between the plates about this rivet 
a pivot. The point rails of this Company are made 15 feet long, being 
ono-half of a SO-feet rail. They are planed and tapered down without 
being heated, and are sliaped so as to completely fit the stock rails and 
to rest on the flanges of the same throughout the whole length of the 
tapered portion, in such a manner that the point rails receive substantial 
support if required, although the wheels do not come in contact with them 
until they have passed the extreme end. The slide plates under the point 
rails are of wrought iron, quite plain except near the point, where they 
extend also under the stock rails, and have the ends turned up to hold rail 
braces. 

When a train approaches a split switch by the heel, it is called a 
* trailing switch; ’ but if the toe or point is approached first, then it is 
called a ‘ facing switch.’ Single point switches are sometimes made, with 
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only one movable point rail, the other being fixed like a frog point; bnt 
this is not a good arrangement. If the movable point rail is placed inside 
the curve diverging from the main line, then, when it is set right for the 
diverging line, it acts not as an ordinary point rail, but as a guard rail, 
for which it is not suitable; also, no matter which way the switch is 
placed, the support to the treads of the wheels is not as much as two 
point rails give, and the stock rail alongside the fixed point wears out the 
same as a wing rail in a frog wears out at the frog point. One of the 
greatest dangers with the split switch—that of loose wheels working in 
to catch the end of the open point—^is doubled in the single point switch, 
for a loose wheel will catch as easily on the end of a fixed point as 03 i an 
open point, and when the point in such switches is open, there are two 
places where there is a liability of trouble. In this connection it would 
be well to say that split switches should always be made tx^ailing if possible ; 
never facing the travel if it can be avoided. On single track lines, with 
travel in both directions, it is not feasible to cany ont this precaution; 
but on double track lines the matter should never be overlooked, as it may 
prevent serious accidents. If a trailing switch be operated by a spring 
or weight, so that, in case the switch is wrong for an approaching train, 
the flanges of the wheels advancing from the fixed rail on to the movable 
point rail can overcome the resistance and move the points into their 
proper position, thus avoiding a derailing of train, then the switch 
becomes a self-acting ‘safety switch.’ 

Mr. William Lorenz, who has for a long time been chief engineer of 
the Philadelphia and Heading Raih'oad, designed a simple and practicable 
form of self-acting split switch, with a spring securely holding the points 
against the stock rail, so that the switch was safe for all trains approaching, 
facing the switch, at the same time that it was self-acting as a trailing 
switch. His switch being the type of all of these, his name is deservedly 
attached to them, and they are known as the ‘ Lorenz Safety Switch.’ 
Pig. 2, Plate YIII., shows the Pennsylvania Steel Company’s improved 
pattern of this switch. The general arrangement is the same as already 
described, except as it regards the spring, which is steel, double coiled, 
and is generally arranged in a yoke on the side of the front connecting 
bar, where it can bo conveniently reached for adjustment. The length 
of the points is 15 feet, and the throw is 3Ij inches, the switch stand 
throwing 4 inches to give proper compression to the spring. In the 
original Lorenz pattern the points were usually made much longer, even 
up to 30 feet. 

A shorter pattern of safety switch is made for yard service, the point 
rails being as short as seven feet six inches, with a flange way at the heel 
of only two inches. 

The Pennsylvania Steel Company also make an automatic switch 
stand, which, by the combined operation of a weighted lever and gearing, 
bolds the switch with a solid rigid throw, and renders it absolutely safe 
for,all ‘facing’ trains, at the same time giving a signal indicating the 
position of the point. It also acts automatically as a safety switch for 
, trains trailing over it from either track. When acting in the latter way, 
the first pair of wheels over the switch set it right, so that the remaining 
wheels do not have to open the switch each for themselves, as in the safety 
switch with springs. 

In Wharton’s Patent Switch, the great principle is always to pro- 
unbroken line in the main tracks, under all circumstances, and 
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to carry a train off on to a siding without any break in the con¬ 
tinuity of the rails. This is accomplished in the following manner:— 
The switch rails and' a movable guard rail are connected together, the 
inner switch rail being shaped like the letter U, and having one side, 
next the rail, terminating in a point, which, when the switch is set for 
the side track, laps under the main rail and guides the wheel away from 
it. The guard rail acts also to draw this wheel away from the main 
line, so as to insure the point being cleared by the flanges. The result 
brings the tread of the wheel upon the outer switch rail, which at the end 
is flush with the main rail, but, gradually rising, lifts the wheel in a 
distance of about feet, until it can pass over the top of the main 
rail. Each end of the longitudinal shaft of the operating machinery has a 
crank, one connected with the guard rail and the other with the switch 
rails, and the angles of these are so arranged with reference to each other 
that while the crank holding the switch is on the dead centre or a little 
below it, that at the other end is at such a position as to be easily acted 
on by*the movable guard'rail. Any lateml pressure, therefore, against 
the switch when it is in use, tends to hold it in position. If the switch 
should accidentally bo left closed, the first wheels of a train on main line, 
acting on the guard rail, operate the switch, placing it all right for main 
track. These switches are rather expensive, but have given great satis¬ 
faction where used. Their employment depends upon the question 
as to whether their increased expense, complication, multiplication of 
parts, (&c., are more than compensated for by their increased efficiency 
over the simpler safety split switch. 

The Wharton Switch Company also manufacture a safety split switch, 
with the guard rail attachment for throwing it right for main line, by the 
action of the wheels of a train, when left wrong. 

When one rail is crossed by another rail, unless under some snob ar¬ 
rangement as the Wharton switch, the rail crossed must have an opening or 
slit in it to allow the flanges of the wheels to pass through. The arrange¬ 
ment that provides for this is called a ‘ frog.’ The earliest forms of frogs 
were of cast iron; then they were steel-plated, afterwards cast-steel frogs 
were used, and several forms of construction have been made of steel 
■ plates alternating with layers of wood and rubber to secure elasticity. 
Frogs were also made of iron rails, such as are used in the tracks, fitted 
together in vaiuous ways; but iron rails wore out so rapidly under service 
that they were not found satisfactory. When, however, steel rails came 
into the market, it became entirely practicable to make use of them for 
frogs, and the result has been that frogs of this kind have superseded 
everything else. Steel rail frogs possess many advantages over the other 
varieties. Using the same standard rail as in the track, they become an 
integral part of it, can be secured with the same splice joints, use the 
same ties, spikes, <&c., and for a perfect realisation of the problem there 
should be no necessity for catting away any parte of the ties, or adjust¬ 
ment of them, different from what is required in standard track, and the 
rails which make the frog should be kept to their full section and have 
their full resistance to service that they possess in their ordinary location. 
What is wanted, then, is a simple construction that will bind the rails 
together in the form required in a solid, permanent manner. The nearer 
these conditions can be fulfilled the better. 

’ There are two principal kinds of frogs in use, the * Spring Bail ^ and 
'thie * Stiff Frog/ Spring rail frogs are sometimes made by riveting the 
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poiat rails and one side rail to a wronglit-iron bed-plate, the two pieces 
forming tlie point of the frog being dovetailed together and secured by 
heavy mortise rivets. The other side rail is loose, being kept in place by 
a cross-bar passing through a slot in the point and the fast rail, the loose 
rail being kept close against the point by rubber spidugs and a rod 
connecting it with the fast rail some distance beyond the point. There is 
an objection, however, to the rivetwork and also to the plate underneath, 
fi»om its accumulating ice, dirt, &c., and interfering with tamping of ties. 
The best construction is that with keys, the typo being illustrated by fig. 
3, Plate VIII., showing the pattern made by the Pennsylvania Steel Com¬ 
pany. The fixed parts are tied together by two heavy clamps, secured 
by split keys, and the * throat ’ or space between the point and wing rail 
is maintained by closely fitting iron blocks, which are prevented from 
moving by rivets and pins through the rails. Spring rail frogs give easy 
riding, smooth tracks, hut some of the best roads do not use them now to 
any extent, preferring the ‘stiff’frog. These also are made in several 
ways : with riveted plate, with dividing blocks, and bolts, and with keys. 
The keyed pattern is decidedly the best. Those frogs are best with three 
clamps, but the split keys for fastening are considered preferable to bolts. 
This form of frog possesses all the elasticity of the rails, just the same as 
in the regular track, making^it very easy riding; the strength of the rails 
remains as originally, the peculiar modes of fastoiiing have great advan¬ 
tages over bolts or other arrangements, as there is nothing that can 
interfere with wheel flanges, and the frog rests on the ties in their nsnal 
positions, giving ample room for tamping up, &o. Pu'st quality steel rails 
should be used, drilled for the standard splice of the road; the pieces 
of rail forming the point should bo dovetailed by planing cold, and 
thoroughly secured by heavy tnvets; the clamps should be of heavy 
wrought iron, and the parts within should be secured by bevelled 
split keys. Solid iron throat-pieces fit the rails perfectly and maintain 
the throat space. The whole forms about as perfect a frog as can be 
designed. There is nothing movable about the frog but the keys. These 
should be examined by the trackmen in their course of duties, and if found 
loose, driven tight, the split end being spread open to hold them to place. 

Where two railroads cross each other on a level—not at all an uncom¬ 
mon thing ill this country^—expensive crossing frogs are required. Much 
the same style of work is used in making these frogs as for the oi^dinary 
frogs, although the work is more complicated. Whore the angle is very 
acuto, they can be made like the keyed stiff frogs, but in other oases it 
appears difficult to design them without the wrought plate underneath. 

The subject-matter of this paper might be extended almost inde¬ 
finitely, including interlocking switches, signals, the Wostinghouso 
Automatic air system, where compressed air is used as the moving powex* 
applied by electricity, &c.; hut the author fears he has extended his limits 
already, and he must come to a conclnsion. He would like to say that, 
on a visit to Europe in 1869, he examined very closely into the intor^ 
looking and blocking systems, returning full of ideas on these subjects; 
but could get no one to bestow a thought upon them. It was agreed that 
such things would not suit this country at ah, that they were not needed, 
and that the operating of switches and signals through long distances 
would not succeed in our freezing winter climate. But there has been a 
revohitmn since then. The accumulation of business and oxigoncies of 
ti^vd have demanded these improvements, and they are now in active ^se. 
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In conclusion, tlie antboi' would dwell upon tlie impoi’tance of keeping 
a road in a tboronghlj clean and neat condition, with every part to 
proper line and shape. The great value of this cannot he over-estimated. 
Not only does it produce a good effect on the public, but it inculcates 
care and attention on the part of the employes, and lessens their liability 
to neglect of the main essentials. A road superstructure well and con¬ 
tinuously kept up is, in the end, at far less expense for maintenance than 
one which is allowed to get out of order and to run down, until it is abso¬ 
lutely necessary by a strong effort to bring it back into good shape. It 
is true that there are many lines of road throughout the country in 
sparsely settled sections, and having a small traffic, which could not 
afford the expenditure on the permanent way that a main trnnk line 
could do. Such a line may live in hopes of raising its standard at some 
future time and improving its superstructure ; but even now, in its present 
state, it cankeep everything in neat order, and make its work thorough so 
far as it goes. 

The author desires to express his acknowledgments to the various 
railroad and manufacturing companies who have so kindly furnished 
him with information and data. 

Kote. —Tlio paper was illustrated by a series of i^lates, a selection from which 
only have been reproduced. 


J^xjohnuition of Plates IT. and VIL 


Plaviv 

lUxl Xo. 284 is in use on the Pennsylvnnhi 

Alpena R. R., 1S83. 

Pt..\TK 

Hail Xe. 54 is in iiS(‘ on the j 

Loui.svillc and Xashvillc R. R., ISSl. 

Philadelphia, Wilmington, and Jialti- j 
more ll. lb, 1875. j 

Western Maryland R. R., 1S75, i 

Louisville, Cineiniiali, and Lexington 
K. R., 1870. 1 

<dncinnati, iramilton, and Davton R. | 
R., 1879. See i)0, Xo. 59. ‘ j 

C’leveland, Mt. Vernon, ami I'olumlms i 
11 . 11 ., 1879 . ; 

Hail Xo. 55 is in use on the 

I'cnnsylvania R, R., Main Line, 1888. 

Illinois and Sfc. Louis Rridge Co., 1877. 

Oumberland and Pexuisvlvania R, XL, 
1877-79. 

Baltimore and Ohio R. IL, 1881. Also 
60, Xo. 50. 

Pittslmrf;h, Cincinnati, and Sfc. Louis 
R. B., 1881. Also 01), Xo. 50. 

Paul Xo. 56 is in use on the 

Pennsylvania R, IL (Leased Lines and 

, Branches), 1883. 

Allegheny Valley R. R., 1879. 

Pittsburj»h, Ft.‘Wavne, and Chicago 
R, IL, 1881. 

1S84. 


R. IL, 1883, and the Detroit, Bay City, and 


Rail Xo. B^—contimied, 

Pittsburgh, Cinciiinali, and St. Loiiisi 
IL IL, 188J. 

(leveland and Pittsburgh R. R., 3877, 
I'erre Haute and Indianapolis R. IL, 
1878. 

Xorthern Cciitral Ry. (Pennsylvania), 

3 877. 

I.oui.sville,lhidaeah,and South-Western 
R. R., 3875. 

Belleibnte and Snow Shoe IL R., 1880. 
Dunleth and Dubuque Bridge Co., 
3880. 

Erie and Pittsburgh R. IL, 3 878, 
Summit Branch R. IL, 1876. 
Philadelphia and Eric IL IL, 1879. 

St. Louis, Alton, and Terre Haute R. 
R., 1879. 

Toledo and Woodville IL IL, 1877, 
West Jersey R, R., 1880. 

Huntingdon and Broad Top R. IL* 
1870. 

Illinois Central R. R., 1877. 

Springfield Southern IL R., 188L 
Cumberland and Pennsylvania R. IL, 
1880. 

St. Louis, Iron Mountain, and Southern 
R. R., 18B1. 

Baltimore and Ohio R. R., 1881. 

R B 
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Hail JSTo. 60 is in use on llio 

Baltimore and Boiomac R. R., 1876. 
Central Pacitic R. 11., 1870. 

Squankiim and Freehold M arl Co., 1876, 
(^hesapeakc and Ohio K. Ih, 1876. 

New York Elevated lly., 187G. 
Connecticut and PassLimpsic Kivers Ik 
R., 1876. 


Rail No. CO— conthuicd. 

Grand Rapids and Indiana R. K,, 
1875-80. 

Soahord and Ronnonke Ik IJ., 1870, 
Raleitcli and Gaston-Ik Ik, 1871). 

Kel River Ik Ik, 1877. 

.Mineral Range Ik Ik, 187!>. 
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TEANSACTIONS OF THE SECTIONS. 


Section A.—MATHEMATICAL AND PHYSICAL SCIENCE. 

Phesident of the Section— 

Professor Sir WiLLiAsr Tho2ison, M.A., LL.D., D.C.L., F.Il.S.L. E., F.R.A.S, 


TJIUIISDAY, AVGVST 28. 

The PliEsiDEKT delivered the following Address:— 

Stomps toivards a Kinetic Thcoru of Mailer, 

The now well-known kinetic theory of gases is a step so important in the 'W’’ay of 
explaining seemingly static properties of matter by motion, that it is scarcely 
possible to help anticipating in idea the arrival at a complete theory of matter, in 
which all its properties will he seen to be merely attributes of motion. If 
we are to look for the origin of this idea, we must go back to Democritus 
Epicurus and Lucretius, We may then, I believe, without missing a single 
step, skip 1,800 years, lilarly last century we find in Malebranclie’s 
* Becherche de la YeritA,’ the statement that ^ La duretd des corps ’ depends on 
^petits tourbillons.’^ These words, embedded in a hopeless mass of unintel¬ 
ligible statements of the physical, metaphysical, and theological philosophies 
of the day, and unsupported by any explanation, elucidation, or illustration 
throughout the rest of the three volumes, and only marred by any other single 
sentence or word to be found in the great book, still do express a distinct concep¬ 
tion, which forms a most remarkable step towards tbe kinetic theory of matter. 
A little later we have Daniel Bernoulli’s promulgation of what we now accept as 
a surest article of scientific faith—tlie kinetic theory of gases. lie, so far as I 
know, thought only of the Boyle’s and Marriot’s law of the * spring of air,’ as 
Boyle called it, without reference to change of temperatiu'e or the augmentation 
of its pressure if not allowed to expand for elevation of temperature, a phenomenon 
which perhaps he scarcely knew, still less the elevation of tempf3rature produced 
by compression, and the lowering of temperature by dilatation, and the consequent 
necessity of waiting for a fraction of a second or a few seconds of time (with 
apparatus of ordinary experimental magnitude), to see a subsidence firom a larger 
change of pressiue, down to the amount of change that verifies Boyle’s law. The 
consideration of these phenomena forty years ago by Joule, in connection with 
Bernoulli’s original conception, formed the foundation of the kinetic theory of 
gases as we now have it, But what a splendid and useful building has been 
placed on this foundation by Clausius and Maxwell, and what a beautiful orna¬ 
ment we see on the top of it in the radiometer of Crookes, securely attached to it 

* * Preuvo de la supposition que j’ay faite; Quo la mati^re subtile ou 4th6r^e est 
n^cessairement compos6e de petits xourbillons ; et qu’ils sont les causes natu- 
relles do tous les changements qui arrivent ^ la matito; cc que je confirme par 
I’explication des efiets les plus gln^raux de la Physique, tcls quo sont la durct^ des 
corps, leur fiuidit6,lour pesanteur, Ieurl4gdret6, lalumike et la rMraction et reflexion 
de ses rayons.’—Malebranghe, Ileeherokc de la 1712, 



614 


REPORT — 1884 . 


by the liappy discovery of Tait and Dewar,^ that tlie length of tlie free path of the 
residual molecules of air in a good modern vacuum may amount to several 
inches. Olaasius’ and Maxwell’s explanations of the diffusion of gases, and of 
thermal conduction in gases, their charmingly intelligible conclusion that in gases 
the diffusion of heat is just a little more rapid than the diffusion of molecules, 
because of the interchange of energy in collisions between molecules/'^ while the 
chief transference of heat is by actual transport of the molecules themselves; and 
Maxwell’s explanation of the viscosity of gases, with the absolute numerical 
relations which the work of those two gi’eat discoverers found among the three 
properties of diffusion, thermal conduction, and viscosity; have annexed to the 
domain of science a vast and ever-growing province. 

E-ich as it is in practical results, the kinetic theory of gases, as hitherto 
developed, stops absolutely short at the atom or molecule, and gives not even a 
suggestion towards explaining the properties in virtue of which the atoms or 
molecules mutually inSuence one another. For some guidance towards a deeper 
and more comprehensive theory of matter, we may look back with advantage to 
the end of last century and the beginning of this century, and find Eumford’s 
conclusion regarding the heat generated in boring a brass gun: ‘ It appears to me 
to be extremely difficult, if not quite impossible, to form any distinct idea of any¬ 
thing capable of being excited and communicated in the manner the heat was 
excited and communicated in these experiments, except it be motion,’ and Davy’s 
still more suggestive statement: ^ The phenomena of repulsion are not dependent 
on a peculiar elastic fiuid for their existence. * . ^ Heat may be defined a 

peculiar motion, probably a vibration, of the corpuscles of bodies, tending to 
separate them. . . ^ To distinguish this motion from others, and to signify the 

causes of our sensations of heat, &c., the name re'puhim motion has been adopted.’ 
Here we have a most important idea. It would be somewhat a bold figure of 
speech to say the earth and moon are kept apart by a repulsive motion; and yet, 
after all, what is centrifugal force but a repulsive motion, and may it not be that 
there is no such thing as repulsion, and that it is solely by inertia that what seems 
to be repulsion is produced ? Two bodies flly together, and, accelerated by mutual 
attraction, if they do not precisely hit one another, they cannot but separate in 
virtue of the inertia of their masses. So, after dashing past one another in sharply 
concave curves round their common centre of gravity, they fiy asimder again. A 
careless onlooker might imagine they had repelled one another, and might not 
notice the difference between what he actually sees and what he would see if the 
two bodies had been projected with great velocity towards one anothoi*, and either 
colliding and rebounding, or repelling one another into sharply convex continuous 
curves, fiy asunder again. 

Joule, Clausius, and Maxwell, and no doubt Daniel Bernoulli himself, and I 
believe every one who has hitherto written or done anything very explicit in the 
kinetic theory of gases, has taken the mutual action of molecules in collision as 
repulsive. May it not after all be attractive ? This idea has never left my mind 

» Proo. P. E B, March 2,1874, and July 5, 1875. 

* On the other hand in liquids, on account of tho crowdetlnoss of the molecules, 
the diffusion of heat must be chiefly by interchange of energies between the mole¬ 
cules, and should be, as experiment proves it is, enormously more rapid than the 
diffusion of the molecules themselves, and this again ought to be much less rapid 
than either the material or thermal diffusivities of gases. Thris the dlffusivity of 
common salt through water was found by Fiok to be as small as *0000112 square 
centimetres per -second: nearly 200 times as great as this is the diffusivity of heat 
through water, which was found by J. T. Bottomley to be about *002 square centi¬ 
metres per second. The material diffusivities of gases, according to Losohmidt’s 
^ esqperiments, range from *088 (the interdiffusivity of carbonic acid and nitrous oxide) 
vIOt *642 (the interdiffusivity of carbonic oxide and hydrogen); while the thermal 
7 .«^vitles of gases, calculated according to Clausitis’ and Maxwell’s kineiao theory 
V *089 for carbonic acid, *16 for common air or other gases of nearly the 

. and 1-12 for hydrogen (all, both material and thermal, being reckoned 

m sqt^e b<mtimetres per second). 
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since I first read Davy’s ^ Eepiilsive Motion,’ alDOut tliirty-five years ago, but I 
never made anything of it, at all events have not done so "until to-day (June 16, 
1884), (if iliis can be said to be making anything of it), when in endeavouring to 
prepare the present address I notice that Joule’s and my own old experiments ^ on 
the thermal efiect of gases expanding from a high pressure vessel tlirough a porous 
plug, proves the less dense gas to have greater intrinsic 2 ^oiential energy than the 
denser gas, if we assume the ordinary hypothesis regarding the temperature of a gas, 
according to w^hich two gases are of eq^ual temperatures when the kinetic energies 
of their constituent molecules are of eq^ual average amounts per molecule. 

Think of the thing thus. Imagine a great multitude of particles enclosed by a 
boundary which may be puslied inwards in any part all round at pleasure. Now- 
station an engineer corps of Maxwell’s army of sorting demons all round the 
enclosure, wdth orders to push in the boundary diligently everywhere, when 
none of the besieged troops are near, and to do nothing "wjien any of them 
are seen approaching, and until after they have turned again inwards. The 
result will be that with exactly the same sum of kinetic and potential 
energies of the same enclosed multitude of particles, the throng has been 
caused to be denser. Now Joule’s and my own old experiments on the efflux 
of air 2 )rove that if the crowd be common air, or oxygen, or nitrogen, or 
carbonic acid, the temperature is a little higher in the denser than in the rarer 
condition wdion the energies are the same. By the hypothesis, equality of tempera¬ 
ture between two different gases or two portions of the same gas at different 
densities meaiis equality of kinetic energies in the same number of molecules of 
the two. Prom our observations proving llie temperature to be higher, it there¬ 
fore follows that the potential energy is smaller in tlie condensed crowd. This— 
always, how-evcr, unaer protest as to the temperature hypothesis—proves some 
degree of attraction among the molecules, but it does not prove ultimate attraction 
between two naolecules in collision, or at distances much less than the average 
mutual distance of nearest neighbours in the multitude. The coUisional force 
might be repulsive, as generally supposed hitherto, and yet attraction might predo¬ 
minate in the whole reckoning of difference between the intrinsic potential ener^es 
of the more dense and less dense multitudes. It is, however, remarkable that the 
explanation of the propagation of sound through gases, and even of the positive 
fiuid pressure of a gas against the sides of the containing vessel, according to the 
kinetic theory of gases, is quite independent of the question whether the ultimate 
collisional tbrce is attractive or repulsive. Of course it must be understood that if 
it is attractive, the particles must be so small that they hardly ever meet-^they 
would have to be infinitely small to never meet—that, in "fact, they meet so seldom, 
in comparison with the number of times their courses are turned through lar^e 
angles by attraction, that the influence of these purely attractive collisions is 
preponderant over that of the comparatively very rare impacts from actual contact. 
Thus, after all, the train of speculation suggested by Davy’s * Kepulsive Motion ^ 
does not allow us to escape from the idea of true repulsion, does not do more than 
let us say it is of no consequence, nor even say this with truth, because, if there 
are inqjacts at all, the nature of the force during the impact, and the effects of the 
mutual im])acts, however rare, cannot be evaded in any attempt to realise a con¬ 
ception of the Idnetio theory of gases. And in fact-, unless we are satisfied to 
imagine the atoms of a gas as mathematical points endowed with inertia, and, 

^ Ilepviblished in Sir W. Thomson’s MatUematical miH Physical Pajfers, Yol. I. 
Article XLIX. p. iJSl. 

2 That this is a more hypothesis has been scarcely remarked by the founders 
themselves, nor by almost any writer on the kinetic theory of gases. No one has 
yet examined the question: what is the condition as regards average distribution of 
kinetic energy, which is ultimately fulfilled by two portions of gaseous matter* 
-separated by a thin elastic septum which absolutely prevents interdiffusion of matter, 
.while it allows interchange of kinetic energy by collisions against itself ? Indeed 
1 do not know but that the present is the very first statement which has ever been 
published of this condition of the problem of equal temperatures between, two 
gaseous masses. »^ | 
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as according to Boseovicli, endowed-with forces of inulaial positive and negative 
attraction, varying according to some definite fuuciio]i of the distance, we cannot 
avoid the question of impacts, and of vibrations and rotations of the molecules 
resulting from impacts, and we must look distinctly on each molecule as being 
either a little elastic solid, or a configuration of motion in a continuous all-pervad¬ 
ing liquid. I do not myself see how we can ever permanently rest anywhere short 
of this last view; but it would be a very pleasant temporary resting-place on tlie 
way to it, if we could, as it were, make a mechanical model of a gas out of little 
pieces of round perfectly elastic solid matter, flying about through the space 
occupied by the gas, and colliding with one another and against the sides of the 
containing vessel. This is, in fact, all we have of the kinetic theory of gases up to 
the present time, and this has done for us, in the hands of Clausius and IMaxwell, 
the great things which constitute our first step towards a molecular theory of 
matter. Of course from it we should have to go on to (hid an explanation of the 
elasticity and all the other properties of the molecules Iberaselves, a subject vastly 
more complex and difficult than the gaseous properties, for the explanation 
which we assume the elastic molecule; hut without any explanation of the pro¬ 
perties of the molecule itself, with merely the assinni'jtion that the molecule has the 
requisite properties, we might rest happy for awhile in th(‘ conteinplatiou of the kinetic 
theory of gases, and its explanation of the gaseous ])ropert ics, which is ipt only 
stupendously important os a step towards a more tliorough-going theory of matteiv 
but is undoubtedly the expression of a perfectly intelligible and definite set of 
facts in nature. But alas for our mechanical model consisting of the cloud of 
little clastic solids flying about amongst one another. Though each particle have 
absolutely perfect elasticity, the end must be pretty mneli the same as if it were 
but imperfectly elastic. The average eflect of ro])ealed and repeated mutual 
collisions must be to gradually convert all the iranshitional energy into energy of 
shriller and shriller vibrations of the molecule. It seems certain that each collision 
must have something more of energjr in vibrations of very finely divided nodal parts 
than there was of energy of such vibrations before the impact. The more minute 
this nodal subdivision, the less must be the tendency to give up part of the 
vibrational energy into the shape of translational enorgy*in the course of a collision, 
and I think it is rigorously demonstrable that the whole t ranslational energy must 
idtimately become transformed into vibrational energy of higher and higher nodal 
subdivisions if each molecule is a continuous elastic solid. Let us, then, leave the 
kinetic theory of gases for a time with tliis difficulty iinsolved, in the hope that we 
or others after us may return to it, armed with more knowledge of the properties 
of matter, and with sharper mathematical weapons to cut through the barrier 
which at present hides from us any view of the moloculo itself, and of the effects 
other than mere change of translational motion wliieh it experiences in collision. 

To c.xplain the elasticity of a gas was the primary object of the kinetic theory 
of gases. This object is only attainable by the assumption of an elast icity more 
complex in character, and more difficult of explanation, than the elasticity of 
gases—^the elasticity of a solid. Thus, even if the flital fault in the theory, to which 
1 have alluded, did not exist, and if we could be perfijctly satisfied with the 
kinetic theory of gases founded on the collisions of elastic solid molecules, thesra 
would still be beyond it a grander theory which need not be considered a chimerical 
object of scientific ambition—to explain the elasticity of solids. But w'e may be 
stopped when we commence to look in the direction of such a theory with the 
cynical question; What do you mean by explaining a property of matter P As 
to being stopped by any such question, all I can say is that if engineering were 
to be all and to end all physical science, we should perforce be content with merely 
finding properties of matter by observation, and using thorn for practical purposes. 
But I am sure very few, if any, engineers are practically satisfied with so narrow 
a yiw of their noble profession. They must and do patiently observe, and dis¬ 
cover by observation, properties of matter, and results of material combinations* 
But deeper questions are always present, and always fraught with interest to the 
trh^ und he will be the last to give weight to any other objection to any 

attempt to see below the surface of things than the practical question: Is it likely 
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to prove wholly futile ? But now, instead of imagining' the f^uestion: ‘What do 
you mean hy explaining a property of matter H to be put cynically, and letting 
ourselves be irritated by it, suppose we give to the questioner credit for being 
sympathetic, and condescend to try and answer liis question. We find it not very 
easy to do so. All the properties of matter are so connected that we can scarcely 
imagine one tliorougUy explained without our seeing its relation to all the others, 
without in fact having the explanation of all; and till we have this we cannot tell 
what we mean by ^ explaining a property,’ or ^ explaining the properties ’ of matter 
But though this consummation may never he reached by man, the progress of 
science may be, I believe will be, step by step towards it, on many different roads 
converging towards it from all sides. The kinetic theory of gases is, as I have said, 
a true step on one of the roads. On the very distinct road of chemical science, 
St. Olair Deville arrived at his grand theory of dissociation without the slightest 
aid from the kinetic theory of gases. The fact that he worked it out solely from 
chemical observation and experiment, and expounded it to the world without any 
hypothesis whatever, and seemingly even without consciousness of the beautiful 
explanation it has in the kinetic theory of gases, secured for it immediately au 
independent solidity and importance as a chemical theory when he first promul¬ 
gated it, to which it might even by this time scarcely have attained if it had first 
been suggested as a ]^robability indicated by the kinetic theory of gases, and been 
only afterwards confirmed by observation. Now, however, guided by the views 
which Clausius and Williamson have given us of the continuous interchange of 
partners between the compound molecules constituting chemical compounds in the 
gaseous state, we see in Beville’s theory of dissociation a point of contact of the, 
most transcendent interest between the chemical and physical lines of scientific 
progress. 

To return to elasticity: if we could make out of matter devoid of elasticity a 
combined system of relatively moving parts which, in virtue of motion, has the 
essential characteristics of an elastic body, this would surely be, if not positively 
a step in the Idnetic theory of matter, at least a finger-post pointing a way which, 
we may hope will lead to a kinetic theory of matter. Now this, as I have already 
shown, ^ we can do in several ways. In the case of the last of the communications 
referred to, of which only the title has hitherto been published, I showed that, from 
the mathematical investigation of a gyrostatically dominated combination contained 
in the passage of Thomson and Tait's ‘ Natural Philosophy ’ referi’ed to, it follows 
that any ideal system of material particles, acting on one another mutually through 
massless connecting springs, may be perfectly imitated in a model consisting of 
rigid links jointed together, and having rapidly rotating fly-wheels pivoted on 
some or on all of the links. The imitation is not confined to cases of equilibrium. 
It holds also for vibration produced by disturbing the system infinitesimally from a 
position of stable equilibrium and leaving it to itself. Thus we may "make a 
gyrostatic system such that it is in equilibrium under the influence of certain 
positive forces applied to different points of this system; all the forces being 
precisely the same as, and the points of application similarly situated to, those of the 
stable system with springs. Then, provided proper masses (that is to say, proper 
amounts and distributions of inertia) be attributed to tlie links, we may remove!! 
the external forces from each system, and the consequent vibration of the points 
of application of the foi'ces will be identical. Or we may act upon the systems 
of material points and springs with any given forces for any given lime, and leave 
it to itself, and do the same thing for the gyrostatic system; the consequent 
motion will be the same in the two cases. If in the one case the springs are 
made more and more stiff, and in the other case the angular velocities of the fly« 
wheels are made greater and greater, the periods of the vibrational constituents of 

' Paper on ‘Vortex Atoms,’ Proo, iZ* S-M Feb. 1807; abstract of Lecture befom 
Boyal Institution of Great Britain, March 4,1881, on * Elasticity viewed as possibly 
a Mode of Motion;’ Thomson and Tait’s Mcituml Philompliy, second edition, Part 1. 
§§ 345 vm to<345 xsvii; ‘On Oscillation and Waves in an Adynamic Gyrostatic 
System ’ (title only), Proe, P. S, M, March 1883. 
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the motion will become shorter and shorter, and the amplitudes smaller and 
smaller, and the motions will appi'oach more and move nearly those of two perlectly 
rip^id groups of material points, moving through space and rotat/mg according to thc^ 
well-known mode of rotation of a rigid body having une.qiial mornents of inertia 
about its three principal axes. In one case the ideal nearly^ rigid connection 
between the particles is produced by massless exceedingly stiff springs; in the other 
case it is produced by the exceedingly rapid rotation of the dy-wheels in a system 
%vhich, when the fly-wheels are deprived of their rotation, is perfectly limp. 

The drawings (Figs. 1 and 2) before you illustrate two such material systems.^ 
The directions of rotation of the fly-wheels in the gyrostatic system (6g. '2) are 
indicated by directional ellipses, which show in perspective the direction of rotation 
of the fly-wheel of each gyrostat. The gyrostatic system (fig. 3) might have l^en 
eonstituted of two gyros'tatic members, but four are shown for symmetry. The 
enclosing circle represents in each case in section an enclosing spherical shell to 

Fig. 1. 



prevent the interior from being seen. In the inside of one there are fly-wheels, m 
the inside of the other a massless spring. The projecting hooked rods seem as if 
they are connected by a spring in each case. If we hang any one of tlie systems up 
by the hook on one of its projecting rods, and hang a weight t,o the hook of the 
other projecting rod, the weight when first put on will oscillate up and down, and 
will go on doing so for ever if the system be absolutely unfrictional. If we check 

’ In fig. 3 the two hooked rods seen projecting from the sphere are connected by 
an elastic coach spring. In fig. 2 the hooked rods are connected one to each of two 
opposite comers of a four-sided jointed frame, each member of which carries a gyro- 
the axis of rotation of the fly-wheel is in the axis of the member of the 
>^|^ewhksh bears it. Each of the hooked rods in flg. 2 is connected to the frame- 
a swivel joint, m that the whole gyrostatic framework may be rotated 
of, the hooked rods, in order to annul the moment, of, momentum of 
the fiMwork about this axis due to rotation of the fly-wheels in the gjTOStats* 
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the Tihration "by hand, the weight will hang down at rest, the pin drawn out to a 
certain degree; and the distance drawn out will he simply proportional to the 
weight hung on, as in an ordinary spring balance. ^ 

Here, then, out of matter possessing rigidity, hut absolutely devoid of elasticity, 
we have made a perfect model of a spring in the form of a spring balance. Connect 
millions of millions o± particles by pairs of rods suchias these of this spring balance, 
and we have a group of particles constituting an elastic solid; exactly fulfilling 
the mathematical ideal worked out by Navier, Poisson, and Cauchy, and many 
other mathematicians who, following their example', have endeavoured to found a 
theory of the elasticity of solids on mutual attraction and repulsion between a 
group of material particles. All that can possibly' he done by this theory, with 
its assumption of forces acting according to any assumed law of relation to distance, 
is done by the gyrostatic system. But the gyrostaitic system does, besides, what 

Fig. 2. 



the system of naturally acting material particles cannot do: it constitutes an 
clastic solid which can have the Paraday magneto-optic rotation of the plane of 
polarisation of light; supposing the application of our solid to he a model of the 
luminiferous ether for illustrating the undulatory theory of light. The gyrostatic 
model spring balance is arranged to have zero moment of momentum as a whole, 
and therefore to contribute nothing to the Faraday rotation; with this arrange¬ 
ment the model illustrates the luminiferous ether in a field unaffected by magnetic 
force. But now let there he a different rotational velocity imparted to the jointed 
square round the axis of the two projecting hooked rods, such as to give a resultant 
moment of momentum round any given Bne through the centre of inertia of the 
system, and let pairs of the hooked rods in the model thus altered, which is no 
longer a model of a mere spring-balance, be applied as coimections between millions 
Of pairs of particles as before: with the lines of resultant moment of momentum all 
dmilarly directed. "We now have a model elastic solid which will have the property 
that the direction of vibration in waves of rectilinear vibrations propagated through 
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it shall turn round i ho line of propagation of the waves; just as Faraday’s ob¬ 
servation proves to l>e done by the line of vibration of ligh t in a dense medium 
between the poles of a powerful magnet. The case of wave front perpendicular 
to the lines of resultant moment of motnentuin (that, is to say, llie direction of pro¬ 
pagation being parallel to these lines) corresponds, in our mechanical naodel, to 
the case of liglit travelling in the direction of the liiit's of force in a magnetic held. 

In these illustrations and models we have different portions of ideal rigid 
matter acting upon one anothei", by normal pi'essure at nuUhematical points of 
cont£ict—of course no forces of friction are supposed. It is exceedingly interesting 
to see how thus, with no other postulates than inertia, rigidity, and miitimi impe¬ 
netrability, we can thoroughly model not only an elastic solid, and any combination 
of elastic solids, but so complex and recondite a pJienomeiion as the passage of 
polarized light through a magnetic field. But now, with the view of ultimately 
discarding the postulate of rigidity from all our materials, let us suppose some to 
be absolutely destitute of rigidity, and to possess merely inertia and incompressi¬ 
bility, and mutual impenetrability with reference to the still remaining rigid 
matter. With these postulates we can produce a perfect model of mutual action 
at a distance between solid particles, fulfilling the condition, so hcenly desired by 
ISfewton and Faraday, of being explained by continuous action through an interven¬ 
ing medium. The law of the mutual force in our model, however, is not the simple 
ITewtonian law, but the much more complex law of the mutual action between two 
electromagnets—with this difierence, that in the hydvokinetic model in every case 
the force is opposite in direction to the corresponding force in the electromagnetit*; 
analogue. Imagine a solid bored through wdth a hole and placed in our ideal 
perfect liquid. For a moment let the hole he stopped l)y a diaphragm, and let an 
impulsive pressure be applied for an instant uniformly oyer_ the whole membrane, 
and then instantly let the membrane be dissolved into liquid. This action origi¬ 
nates a motion of the liquid relatively to the solid, of a kind to which I have 
given the name of ^rrotational circulation,’ which remains absolutely constant 
however the solid he moved through the liquid. Thus, at any time the actual 
motion of the liquid at any point in the neighbourhood of the solid will be the 
resultant of the motion it would have in virtue of the circulation alone, w’-ere the 
solid at rest, and the motion it would have in virtue of the motion of the solid 
itself, had there been no circulation established through the aperture. It is inter¬ 
esting and important to remark in passing that/ the wliole kinetic energy of 
liquid is the sum of the kinetic energies which it would have in the two cases sepa¬ 
rately. Now, imagine the whole liquid to be eiiclo8e<l iu an infinitely large rigid 
containing vessel, and in the liquid, at an iniinite distnneo from any part, of the 
containing vessel, let two perforated solids, with irrotational circulation through 
each, be placed at rest near one another. The resultant Iluid motion duo to the twt> 
(urculations will give rise to fluid pressure on the two bodies, which if unbalanced 
will cause them to move. The force systems-—force-and-torrilies, or pairs of forc(i.M 
—required to prevent tliem from moving will be mutual and oppo-site, and will be 
the same as, but opposite in direction to, the mutual force systems required to hold 
at rest two electromagnets fulfilling the following specification. Tlie two electro¬ 
magnets ax*e to be of the same shape and size as the two bodies, and to he placed in 
the same relative positions, and to consist of infinitely thin layers of electrics 
currents in the surfaces of solids possessing extreme <liamagtietic quality—in other 
words, infinitely small permeability. Tlie distribution of electric current on each 
body may be any whatever which fuljdls the condition that the total current across 
any closed line drawu on the surface once through the aperture is equal to 1 /4-7r of 
the circulation * through the aperture in the hydrokinetic analogue. 

It might be imagined that the action at a distance thus provided for by fluid 
motion could serve as a foundation for a theory of the equilibrium, and the 

. * The integral o£ tangential component velocity all round any closed curve, pass- 
• in^onoe,through the aperture, is defined as the ‘Cyclic oonstantf or the ‘circulation * 

, Motion,’ § 60 <»), Trms. Ji, 8* K April 29, 1867). It has the same value 
fqr adl curves passing just onoo through the aperture, and It remains constsinfc 
through all time whether the solid foody be in motion or at rest. 
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vibrations, of elastic solids, and the transmission of 'waves like those of light 
through an extended q^uasi-elastic solid medium. Bat unfortunately for this idea 
the e<iuilibriuni is essentially unstable, both in the case of magnets and, not¬ 
withstanding the fact that the forces are oppositely directed, in the hydrokinetic 
analogue also, when the several movable bodies (t'wo or any greater number) are 
so placed relatively as to be in equilibrium. If, however, we connect the perforated 
bodies -with circulation through them in the hydrokinetic system, by jointed rigid 
connecting links, we may arrange for configurations of stable equilibriam. Thus 
without dy-'wlieels, hut with fluid circulations through apertures, we may make a 
model spring balance, or a model luminiferous ether, either -without or with the 
rotational quality correspouding to that of the true luminiferous ether in the 
magnetic fluid—in short, do all by the perforated solids with circulations through 
them that we saw we could do by means of linked gyrostats. But something that 
we cannot do by linked gyrostats -vv^e can do by the perforated bodies with fluid 
circulation. We can make a model gas. The mutual action at a distance, repul¬ 
sive or attractive according to the mutual aspect of the two bodies when passing 
within collisional distance ^ of one another, suffices to produce the change of direc¬ 
tion of motion in collision, which essentially constitutes the foundation of the 
kinetic theory of gases j and which, as W’-e have seen before, may as well be due to 
attraction as to repulsion, so far as we know from any investigation hitherto made 
in this theory. 

There remains, however, as we have seen before, the difficulty of providing for 
the case of actual impacts between the solids; which must be done by giving them 
massless spring buffers, or, which amounts to the same thing, attributing to them 
repulsive forces sufficiently powerful at very short distances to absolutely prevent 
impacts bet-ween solid and solid j unless we adopt the equally repugnant idea of 
infinitely small perforated solids, with infinitely great fluid circulations through 
them, Were it not for this fundamental difficulty, the hydrokinetic model gas 
would be exceedingly interesting; and, though we could scarcely adopt it as conceiv¬ 
ably a true repx^esentation of what gases really are, it might still have some im¬ 
portance as a model configuration of solid and liquid matter, by which without 
elasticity the elasticity of a true gas might be represented. 

But lastly, since the hydrokinetic model gas with perforated solids and fluid 
circulations through them fails because of the impacts between the solids, let us 
annul the solids and leave the liquid performing irrotational circulation round 
vacancy,® in the place of the solid cores which we" have hitherto supposed; or let 
us annul the rigidity of tlu^ solid cores of the rings, and give them molecular rota¬ 
tion according to Helmholtzs theory of vortex motion. For stability the molecular 
rotation must be such as to give the same velocity at the boundary of the rotational 
fluid core as that of the irrotationally circulating liquid in contact with it, 
because, as I have proved, frictional slip between two portions of liquid in 
contact is inconsistent witli stability. There is a further condition, upon which 
I cannot enter in detail just now, but which may be understood in a general 
way when I say that it is a condition of oitlier uniform or of increasing 
molecular rotation from the surface inwards, analogous to the condition that 
the density of a liquid, resting for example under the influence of gravity, 
must either be uniforxn or must be greater below than above for stability of 

^ According to this view there is no precise distance, or definite condition respect¬ 
ing the distance, between two molecules at which apparently they come to be in 
collision, or when receding from one another they cease to be in collision. Xt is con¬ 
venient, however, in the kinetic theoi-y of gases, to adopt arbitrarily a precise defini¬ 
tion of collision, according to which two bodies or particles mutually acting at a 
distance may be said to be in collision when their mutual action exceeds some 
definite arbitrarily assigned limit, as, for example, when the radius of curvature of 
the path of either body is less than a stated fraction (1/100, for instance) of the 
distance between them. 

» Investigations respecting coreloas vortices will be found in a paper by the author, 
<Tibrations of a Columnar Tortex/ Ptog^ R. S, K March 1, 1880; and a paper by 
Hicks, recently read before the Royal Society. 
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equilibnum. All tlxat I have said in favour of the model vortex composed of 
perforated solids with fluid circulations through them holds without niodifieatiou 
for the purely hydroldnetic model, composed either of Ilelinboltz cored vortex 
rings or of coreless vortices, and we are now troubled with no such difficulty as 
that of the impacts between solids. Whether, however, when the vortex theory 
of gases is thoroughly worked out, it will or will not be found to fail in a manner 
analogous to the failure which I have already pointed out in connection with the 
kinetic theoi*y of gases composed of little elastic solid molecules, I cannot at present 
undertake to speak with certainty. It seems to me most probable that the vortex 
theory cannot fail in any such way, because all I have been able to find out hitherto 
regarding the vibration of vortices,' whether cored or coreless, does not seem to 
imply the liability of translational or impulsive energies of the individual vortices 
becoming lost in energy of smaller and smaller vibrations. _ 

As a step towards kinetic theory of matter it is certainly most interesting to 
remark that in the quasi-elasticity, elasticity looking like that of an india-rubber 
band, which we see in a vibrating smoke-i*ing launched from an elliptic aperture, or 
in two smoke-rings \vhich were circular, but which have become deformed from 
circularity by mutual collision, we have in reality a virtual elasticity in matter 
devoid of elasticity, and even devoid of rigidity, the virtual elasticity being due 
to motion, and generated by the generation of motion. 


The following Papers were read:— 

1. 0% the Action of Lithrieanfs. 

By Professor Osbome Eeynolus, F,B,8, 


2. On Kinetic Masticity as illustrating the IMtaniml Theory of Heat 
By Professor Osborne Reynolds, 


3* On the Vapour‘•pressure of a suistance in the solid and Uqtdd states at the 
same ie?nperature. By Professor William Ramsay, PhD,, and Sydni^y 
Young, D,8c, 

Regnaiilt, in the course of his researches on the vapour-prossares of liquids and 
solids, attempted to ascertain whether the vapour of a substance in the solid state 
exerted a pressui’e diflerent from that of the same substance in the liquid state, the 
temperature being m both cases identical; and from results obtained with acetic acid, 
water, and other liquids, he concluded that the vapour-pressure in both cases is the 
same* Professor IvirchhofF, and independently Professor J ames Thomson, showed that 
from theoretical considerations the vapour-pressures must be diflerent; and the 
latter, by comparing formulaj given by llegnauli to express the curves representing 
very numerous observations on the vapour-pressures of ice and water, discovered 
a want of continuity in the two curves; and he pointed out that the water-steam 
curve, if prolonged to temperatures below the freezing point of water, was not 
identical with the ice-steam curve, experimentally determined hy Begnault, and 
that the diflerence approximated to that indicated by theory.^ 

The authors have experimented with four substances whicli conclusively prove 
the justice of Professor Thomson's conclusions, viz., camphor, benzene, acetic acid, 
and water. With the two first it was proved that the solid-vapour and liquid- 
vapour curves are not continuous, but would intersect at a temperature close to 
the melting-point j and with the two latter they were successful in coaling them in 
the liquid form below their freezing-points without their sohdifying, and in accu- 

,' :^ee papers by the author * On Vortex Motion/ Tmm* B, S, B. April 186T, and 
. M, December 1875; also a paper by J. J. Thomson, B.A., 

tTO ,#i® Vltetiqns of a Voitex King,’ Trms. B, S. December 1881,' and his valuable 
bobk Vertex ISotion fbeing the Adams prize essay for 1882)* 
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rately measuring the Tapour-pressures of solid and liquid. This is particularly well 
shown hy acetic acid: at a temperature of 2*72° the pressures of the Tapour in 
contact with liquid w'as 4*0 xnm., while at 2*80° the pressure of vapour in contact 
with solid was 2*8 mm. * The individual determinations amount to more than a 
hundred and are perfectly concordant with each other, furnishing two curves which 
diverge at temperatures lielow the melting point of the solid acid, 16*4° 

These results were obtained hy distilling the substance which was made to coat 
the bulb of a thermometer under different pressures, and observing the temperatures 
corresponding to these pressures. 

As in the case of ice and water, the differences of pressure were too minute to 
estimate with great accuracy, the apparatus was modified, so that ice, covering the 
bulb of one thermometer, and water adhering to cotton wool wrapped round the 
bulb of another thermometer," were* e:eposed to the same low pressures, these 
pressures being variable at will, and the differences of temperature shown by the 
thermometers were noted. Assuming the formula given by Kegnault foi the 
vapour-pressure of liquid water to be correct, the theoretical vapour-pressure of ice 
was calculated and tvas found to be identical with the authors^ experimental results. 
A series of determinations of the vapour-pressure of ice at very low temperatures 
was also found to be in accordance with the calculated results. 

Experiments made by the usual method of heating the solid placed over mercury 
in a barometer-tube gave capricious results, even when care was taken to ensure 
absolute purity and complete exclusion of air. 


4. On the Law of Total Radiation at High Tem])erritures. 
By Professor J. Dewai?., Jf.A., F,E.8. 


r>. On Loss of Heat hj Radiation and Conveotion as affected hy the dimensions 
of Vie cooling body, and on Cooling in Vaemm. By J. T. Botxomlet, 

Jl.A., HBAK 


In the course of a series of experiments on the heating of conductors by the 
electric current, which w’ere carried on during the past winter, I obtained a con¬ 
siderable number of results which both gave me the means of calculating the 
Bmmmty for heat in absolute measure of various surfaces under different circum¬ 
stances, and also caused me to undertake a number of special experiments on the 
subject. These experiments ai‘e still in progress, and I am making preparation for 
a more extended and complete series; but a brief notice of some of the results 
already arrived at may not be without interest to the British Association. 

The experiments were made on wires of various sizes, some oi them covered and 
some of them bare, cooling in air at ordinary temperatures, and at normal and also 
at very much reduced pressures. 

The mode of experimenting was as follows:—A current passing through a wire 
generates heat the amount of which is given by Joule’s well-known law:—r 
1I«OT./J 


where C is the current, Tl the electric resistance, J Joule’s equivalent, and H the 
quantity of heat generated per unit of time; each being reckoned in 0, G. S. units. 
l.(et i be the length of the wire, d its diameter, and the specific resistance of 
the material at temperature 3t° (at “which temperature let us suppose that the wire^ 
in the given external conditions, is maintained by the current). Then 


I fence from (3) 


Trd^ 




02 




J 


(2) 


Consider, now, that the wire suspended in the air is losing heat by its smfface j 
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and let us suppose that it neither loses nor gains heat by its ends. Lot IF be the 
quantity lost by emission from the surface per unit of time. Let e be the einissiTity 
or quantity of heat lost per tniit area of the cooling surface, per unit diflerence of 
temperatures hetTveen the cooling surface and the surroundings, per tinit time; and 
being, as has been said, above the temperature of the wire, let be the tempe¬ 
rature of the surroundings. Then:— 

= .(;J) 


But when the wire has acquired a permanent temperature, with the current flowing 
through it, there is as much heat being lost at the sides as is being generated by the 
current. In this case 11 = II'' and we obtain the expression for e :— 




( 4 ) 


My experiments consist in measuring the strength of the current and tlie tempe¬ 
rature of the wire, the latter being effected by measuring the elective resistance of 
a known length of the wire while the current is flowing through it, and hence 
■inferring the temperature. These being known, and likewise the temperature of 
the surroundings, we have all the data for finding c, the emissivity of the surface in 
absolute measure. 

The experiments of Mr. D. ^Nfacfavlane giving eniissivities in absolute measure 
are well known, and are of undoubted accuracy. They were communicated to the 
Boyal Society {Froc. Hoy, Soe.j 1872, p. 93); and the "results are quoted in Prof. 
Everett’s ^ Units and Phj\sical (.’onstants ’ (chap. ix. § 137). These experiments 
were made with a copper globe about 4 centimetres in diameter, suspended in a 
cylindrical chamber, with top and bottom, about GO centimetres in diameter and 60 
centimetres high. The results may be briefly summed up as follows: Mr. Macfarlane 
finds an emissivity of about of the thermal unit 0. G. S. per square centimetre 
per second, per degree of difierence of temperatures between cooling body and 
surroundings for a polished surface, with an excess of temperature of a little more 
lhan 60° 0; and, for a blackened surface, the same emissivity with an excess of 5° G 
or under. 

Using round wires of small diameter (0*86 millimetre and under^, and with the 
surfaces either brightly polished or in the common dull condition of a tviro 
fresh from the maker, I have found a much larger emissivity than I have 

obtained for wires of different sizes different values of e varying from down to 

vvhich was obtained with a wire of 0*40 mm, diameter, and with an excess of 
temperature of 24° C. It seems to be shown by all the experiments 1 have made 
that, other things being the same, the smaller the wire the greater the emissivityv 

To do away witli the part of the emissivity which is due to convection and con¬ 
duction by the air, I have commenced experiments on loss of heat by small wires 
in the nearly perfect vacuum aftbrded by the modern mercurial air-pump. 'I’hi.s 
part of the subject was experimented on long ago by Dulong and Petit, and within 
the last few years by Winkelmann and by Kundt and "Warburg; lastly, and much 
more perfectly, b}** Mr. Crookes (iVoc. Moy. Soc,^ vol. xxxi., p. 239), though in no 
case, 1 believe, were the emissivities in absolute measure determined. Tlu^ con¬ 
clusion come to by all these experimenters is the same, namely, that there is a 
decrease of emissivity due to lowering of the air pressure, this decrease being veiy 
small for a reduction down to one-half, or one-third, of the ordinary atmoHj>kenc 
pressure, but becoming very great as tbe vacuum approaches completeness, The 
very interesting experiments of Mr. Crookes seem to show that, oven with the 
high vacuum which he obtained, the effect of the residual gas in carrying off' heat 
from the cooling body was far from being annulled. 

The following table shows the emissivity of a copper wire with bright surface 
half a metre long, 0*40 millimetre in diameter, and sealed into a glass tube about 
1*6 centimetre in internal diameter. 
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Table I. (Quoted from a Paper to the Royal Society.) 


Current 

Amperes 

Pressure 760mm. 

Pressure SSOmm. 

Pressure 180mm. 

Very high Vacuum 
Pump worked 
continuously 


t-9 

e 


e 


e 

t^e 

e 

1 

2 

3 

o 

4-7 

22-5 

56-0 

X 

soar 

iiiTi 

o 

4*5 

21*5 

58*0 

1 

17Hl 

3 OMo 

a lao 

o 

5*5 

23*5 

55*0 

1 

aiTii 

aTTS 

aoSa 

o 

17*0 

68*0 

140*0? 

Solo 

* 


* The temperature probably much too low. The wire sagged down with heat, 
and touched the sides of the tube at several points. The result calculated for emis- 
oivity from 140® is ^ = 


The following table may also be found interesting. It shows the emissivity in 
absolute measure of several materials commonly used as insulating coverings for 
wires in air of ordinary atmospheric pressure. 

Table II. (Quoted from a Paper to the Royal Society.) 


Specifying Number (B.W.G.) 
and nature of covering 

Length of wire (cen¬ 
timetres) 

Resistance of 100 
centimetres of wii*e 
(B. A. Units) 

Diameter of vire 
(millimetres) 

Diameter of covered 
wire outside mea¬ 
surement 

Current (amps.) 


Emissivity 

No. 22 Silk covered , . 


100 

*0395 

*76 

•96 

10 0 

23''*4 

0-001333 

No. 26 Cotton covered . 


100 

*094 

•50 

•88 

10 0 

68*0 

0-001385 

No. 26 Silk covered . . 


100 

•1115 

•45 

•67 

9‘8 

70*0 

0-002020 

No. 22 Gutta-percha . . 
No, 22 Tinned, Gutta-per-1 

• 

100 

*0466 

*72 

1-67 

10*0 

24-0 

0-000864 

cha-coveredand Double 
Cotton-covered outside, 


100 

'0432 

•73 

1*8 

10*0 

23*0 

,0-000759 


■^5. On a Gyro&iatic Wortcw^y Model of ihe Magneiio Compass, 

JBy Professor Sir William Thomson, IjL,I>,^ F,R8, 

In my communication to the British Association at Southport,^ I explained 
several methods for overcoming the difiiculties which had rendered nugatory, I 
believe, all previous attempts to realise Poucault’s beautiful idea of discovering with 
perfect definiteness the earth’s rotational motion by means of the gyroscope. One 
of these, which I had actually myself put in practice with partially satisfactory 
.results, was a 

Otrostatic Balance for MEAsuRiNa the Yertical Component of the 
Earth’s Rotation. 

^ It consisted of one of my gyrostats supported on knife edges attached to its contain¬ 
ing case, with their line perpendicular to the axis of the interior flywheel and above 
the centre of gravity of the flywheel and framework by an exceedingly small height, 

^ * Ko report of this communication has, so far as I know, hitherto appeared in 
print. 

18S4. g a 
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wlieu tlie framework is keld with the axis of the flywheel and the line of knife 
edges hotli horizontal, and the knife edges downwards in proper position for 
performing their function. The apparatus, when aiip])orted on its knife edges with 
the flywheel not spinning, may be dealt wilh as the beam of an ordinary balance. 
Let now the framework bear two small knife edges, or knife-edged holes, like llioAt" 
of tho beam of an ordinary balance, giving bearing points for weights in a line, cutting 
tho lino of the knife edges as nearly as possible, and of course (unk‘ss there is reason 
to the contrary in the shape of the framework) approximately perpendiciilar to 
this line, and, for convenience of patting on and bfl* weights, hang, as in an ordinary 
balance, two very light pans by hooks on these edges in the usual way. Now, 
with the flywheel not running, adjust by weights in the pans if necessary, so that 
the framework rests in equilibrium in a certain marked position, with the axis of 
rotation inclined slightly lo the horizontal in order that the axis of the flywheel, 
whether spinning or at rest, may always slip down so as to press on one and not. 
on the other of the two end plates belonging to its two ends. Now, unhook the 
pans and take away the gyrostat and spin it; replace it on its knife edges, hang 
on the t'wo pans, and And the weight required to balance it in the marked position 
with the flywheel now rotating rapidly. This weight, by an obvious formula 
which was placed before the Section at Southport, gives an accurate measure of 
the vertical component of the earth’s rotation.^ 

Gyeostatio Model oe the Needle. 

I also showed at Southport that tho gyrostatic balance described above, il“ 
modified by fixing the knife edges, with their line passing as accurately as possible 
through the centre of gravity of tho flywheel and framework, and with tlie faces 
of the knives so placed that they shall perform their function p’operly when the 
axis of the flywheel is parallel to the earth’s axis of rotation, and tho rotation of 
the flywheel in the same direction as the eartlfls, will act just as does an ordinary 
magnetic dipping needle; but showing latitude instead of dip, and dipping tlu^ 
South end of the axis downwards instead of tho end that is towards the North, a.^' 
does the magnetic dipping needle. Thus, if the bearing of the knifo edges })o placed 
East and West, the gyrostat will balance with its axis parallel to the earth’s axis, 
and therefore dipping with its South end downwards in northern laiiludes and its 
North end downwards in southern latitudes. If displaced from this position and 
left to itself, it will oscillate according to precisely the same law as tlwifc by wliicli 
the magnotic needle oscillates. 

If the bearings be turned round in azimuth tho position of equilibrium will 
follow the same law as does that of a magnotic dipping needle similarly dealt 'with. 
Thus, if tho line of knife edges be North and South, tlie gyrostat will balance with 
the axis of the flywlioel vertical, and if displaced from this positiim will oscillate 
still according to the same law ; but with directive conple equnl to the nine of the 
latitude into the directive couple experienced wlien the lino of kuifo edges is 
East and West. Thus this piece of apparatus gives ns the moans of dtjflnitely 
measuring the direction of tho earth’s rotation, and tho angular velocity of the 
rotation. 

These experiments will, I believe, be very easily porfonnod, although I have not 
myself hitherto found time to try them. 

Gxeostatxc Model oe a Magnetio Oomdasr. 

At Southport I showed tliat a gyrostat supported frictionlessly on a fixed 
vertical axis, with the axis nf the flywheel horizontal or nearly so, will act just as 
does the magnetic compass, but with reference to ^ astronomical North ’ (that is to^ 

^ The formula is 

lwk®w7 sin ? j 

deflotes the balancing weight; pv the force of gravity upon it; m the arm 
‘cwa which this* force acts; W the weight of the flywheel; k its radius of gyration? 

the earth’s angular velocity; and Hh© latitude of the place* 
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say, rotational North) instead of 'magnetic North/ I also showed a method of 
mounting a gyrostat so as to leave it free to turn round a truly vertical axis, im¬ 
peded by so little of frictional influence as not to prevent the realisation of the 
idea. The method, however, promised to be somewhat troublesome, and I have 
since found that the object of producing a gyrostatic model of the magnetic 
compass may, with a very remarkable dynamical modiflcation, be much more 
simply attained by merely suspending the gyrostat by a very long fine wire or even 
by floating it with sufficient stability on a properly planned floater. To investigate 
the theory of this arrangement let us first suppose a gyrostat with the axis of its 
flywheel horizontal, to be hung by a very fine wire attached to its framework at 
a point, as far as can conveniently be arranged for, above the centre of gravity of 
flywheel and framework, and let the upper end of the wire be attached to a 
torsion head, capable of being turned round a fixed vertical axis as in a Coulomb’s 
torsion balance. First, for simplicity, let us suppose the earth to be not rotating. 
The flywheel being set mto rapid rotation, let the gyrostat be hung by the wire, 
and alter being steadied as carefully as possible by hand, let it be left to itself. If 
it be observed to commence turning azimuthally in either direction, check this 
motion by the torsion head; that is to say, turn the torsion head gently in a 
direction opposite to the observed azimuthal motion until this motion ceases. Then 
do nothing to the torsion head, and observe if a reverse azimuthal motion super¬ 
venes. If it does, check this motion also by opposing it by torsion, but more gently 
than before. Go on until when the torsion head is left untouched the gyrostat 
remains at rest. The process gone through will have been undistingiiishable from 
what would have had to be performed if, instead of the gyrostat with its rotating 
flywheel, a rigid body of the same weight, but with much greater moment of 
inertia about the vertical axis, had been in its place. The formula for the 
augmented moment of inertia is as follows. Denote by— 

W, the whole suspended weight of flywheel and framework, 

K, the radius of gyration round the vertical through the centre of gravity of 
the whole mass regarded for a moment as one rigid body, 

«?, the mass of the flywheel, 

h, the radius of gyration of the flywheel, 

a, the distance of the point of attachment of the wire above the centre of 
gravity of flywheel and framework, 
the force of gravity on unit mass, 

0 , the angular velocity of the flywheel; the virtual moment of inertia round 
a vertical axis is 

WK=(l+-|l^^).(1) 

The proof is very easy. Here it is. Denote by— 

the angle between a fixed vertical plane and the vertical plan© containing 
the axis of the flywheel at any time t, 

0, the an^le (supposed to be infinitely small and in the plane of (p) at which 
the line a is inclined to the vertical at time 
H, the moment of the torque round the vertical axis exerted by the bearing 
wire on the suspended flywheel and framework. 

By the law of generation of moment of momentum round an axis perpen¬ 
dicular to the axis of rotation requisite to turn the axis of rotation with an angular 
velocity dcjijdtf we have 

wh^m&^^gWae .(2) 

at 

because gWaB is the moment of the couple in the vertical plane through the axis 
by which the angular motion d(l>ldi in the horizontal plane is produced. Again, by 
the same principle of generation of moment ,of' momentum taken in connection 
with the elementary principle of acceleration of angular velocity, we have , 

..( 3 ) , 

' dt 

s s 2 
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Eliminatinjj $ between these equations we find 

+ WK“)5 .W 

V ffWa J dt ^ 

wbicli proves tliat the action of M in generating azimuthal mot/ion U the same as 
it would he if a single rigid body of moment, of inertia given by the formula (I), as 
said above, were substituted for the gyrostat. 

Now to realise the gyrostatic model compass: arrange a gyrostat according to 
the preceding description with a very fine steel hearing wire, not less than 5 or 
10 metres long (the longer the better; tlie loftiest sufficiently sheltered enclosure 
conveniently available should be chosen for the experiment). Proijoed precisely as 
above to bring the gj’Tostat to rest by aid of t.he torsion bead, attached to a beam 
of the roof or other convenient support sharing the earth’s actual rotation. Sup¬ 
pose for a moment the locality of the experiment to bo either the North or South 
pole, the operation to be performed to bring the gyrostat to rest will not be dis¬ 
coverably dilfereut from what it was, as we first imagined it when the earth 
was supposed to be not rotating. The only difteronce will be, that when tlie 
gyrostat hangs at rest relatively to the earth, 6 will have a very small constant 
value; so small that tlie inclination of a to the vertical will he quite imperceptible, 
unless a were made so oxceedingty small that tlio arrangement should give the 
result, to discover which was the object of tlio gyrostatic model balance doKScribod 
above, that is to say, to discover the vertical component of the earth’s rotation. 
In reality we have made a as large as wo conveniently can ; and its inclination to 
the vertical will therefore he very small, when the moment of the tension of the 
wire round a horizontal axis perpendicular to the axis of rotation of the flywlieel is 
just sufficient to cause the axis of the flywheel to turn round with the earth. 

Let now the locality be anywhere except at the North or South pole ; and now, 
instead of bringing the gyrostat to rest at random in any position, bring it to rest 
by successive trials in a position in wliich, judging by the torsion head and the 
position of the gyrostat, we see that there is no torsion of the wire. In this posi¬ 
tion the axis of the gyrostat will be in the North and South line, and, the equili¬ 
brium being stable, the direction of rotation of the flywheel must bo the same as 
that of the component rotation of the earth round the North and South horizontal 
line, unless (which is a case to bo avoided in practice) the torsional rigidity of the 
wire is so great as to convert into stability, tbe instability which, with zero tor¬ 
sional rigidity, the rotational influence would produce, in respect to the equilibrium 
of the gyrostat with its axis reversed from the position of gyrostatic st-ahility. 
It may be remarked, however, that even though the torsional rigidity were so 
groat that there were two stable positions with no twist, the pOHitiou of gyrostatic 
unstable equilibrium made stable by torsion would not bo tliat arrivcnl at.; tlui 
position of stable gyrostatic equilibrium, rondorod move st.ablo by torsion, would 
bo the position arrived at, by the natural process of turning the torsion head 
always in the direction of finding by trial a position of stable equilibrium with the 
wire untwisted by manipulation of the torsion head. 

Now by manipulating the torsion head bring the gyrostat into equilibrium with 
its axis inclined at any angle to that position in which the bearing wire is un¬ 
twisted ; it will be found that the torque required to balance it in any oblique 
position will be proportional to sin (f>^ 

The chief difficulty in realising this description results from the great augmen¬ 
tation of virtual moment of inertia, represented by the formula (1) above, Tbe 
paper at present communicated to the section contains calculations on this sub^pet, 
which throw light on many of the practical difficulties hitherto felt in any method 
of carrying out gyrostatic investigation of the earth’s rotation, and which have led 
the author to fall back upon the method described by him at Southport, of which 
fch^ essential characteristic is to constrain the frame of the gyrostat in such a 
manner aa to leave it just one degree of freedom to move# Ime paper concludes 
^Ih the description of a simplified manner of realising this condition for a 
gyrost^c eompass^that is to. say, a gyrostat free to move in a plane either 
rigorbu% dr t^ery epproaimately horizontal. 
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7, Recent Lnprovement in Apparatus and Methods for Sounding Ocean 
Depths- By Rear-Admiral Daniel Ammen, U.S. Navy- 

The author, after briefly noticing the advances made by Berryman, Brooke, 
Sands and others, in deep-sea sounding apparatus, proceeds to the soundings, by 
Sir W. Thomson, in the Bay of Biscay in lti72, at a depth of 2,700 fathoms. He 
used pianoforte wire, Birmingham gauge 22, weighing 14J lbs. to the nautical 
mile, capable of bearing a strain of 230 lbs. His dynamometer, had three miles 
in length of this wire been wound upon the drum, would have been still so 
portable that one man could have carried it with ease. 

Early in 1873 the Navy Department waspreparing to make extended soundings 
in the Pacific Ocean. The Chief of Bureau of navigation, charged with the 
execution of this work, asked the advice and assistance of Sir William Thomson. 
He was good enough to order wire and such apparatus as his personal experience 
suggested, and to send carefully prepared instructions for efleeting the object in 
view; in short, be did everything within bis power to make the use of his 
apparatus successful. The substitution of it and its efiective manipulation by 
Captain Belknap, U.S.N., marked an era of progress in deep sounding and in 
possibilities of obtaining true ocean depths, as truly as did the steamship mark an 
advance in traversing wide and stormy seas with celerity and certainty. At that 
time Belknap commanded the * Tnscarora,’ and until the sounding apparatus was 
sent, had only the littings that belong to vessels of war. Notwithstanding these 
disadvantages, the results obtained were eminently satisfactory. For specific 
information reference may be made to No. 54 of the Hydrographic Office publica¬ 
tions, entitled ^ Deep-sea Soundings in the North Pacific Ocean,’ 1874. 

In depths of 2,600 fathoms Belknap found it necessary to make several 
additional revolutions of the drum by hand, on the sinker striking the bottom, to 
prevent jerks and strains on the wire which otherwise would have occurred from 
the rolling of the ship. This necessity was due to the almost instantaneous ceasing 
of the drum to revolve on the sinker touching the bottom. He reported his 
soundings at this depth as probably more accurate than many casts in depths of 
100 fathoms with an ordinary lead and line. He added: ‘ I expect to accomplish 
all the work with it (Sir William Thomson’s apparatus) which the Department has 
assigned me, and if I succeed, no greater compliment could be paid to the genius 
of the inventor.’ 

The winding up of miles of wire on a light drum gave a cumulative pressure on 
the original apparatus in deep soundings, such as to make a continuous system of 
repair necessary, and finally the substitution of steel drums in the Naval service. 

To fully appreciate the advance made through the use of this apparatus, it is 
necessary to bear in mind the tons of rope required to reach depths of four or five 
miles, and its rapid deterioration from use, the cumbrous apparatus, the slowness 
of the process even under the most favourable conditions, and what is of greater 
import, the uncertainty as to the actual depth sounded, arising in part from the 
under-currents of the ocean carrying great bights of rope in one or more directions, 
and in part from the very small proportion the weight of tlie sinker must bear 
to the hemp line, but in a more marked degree from the 'stretch’ of the rope 
under tension, and the gradual shortening of it as soon as the sinker reached the 
bottom. 

^ The report of the Secretary of the Navy for 1874, p. 61, discusses the advantages 
gained by the use of wire as follows: the small amount of weight and space 
required for the apparatus; the large weight of the sinker relatively with the 
weight of the wire necessary, even in soundiiig the greatest depths, and the very- 
little surface friction of wire in its descent. Miles of wire have veiw little * stretch ’ 
at ordinary tension, and hemp line a great deal, from which in tfie first case the 
indications of the dynamometer would be almost instantaneous, and in tbe second 
would be obscure and quite uncertain as to the exact depth and moment when the 
sinker reached the bottom. Other advantages are: the ease with which the wire 
is preserved from deterioration. It stated further: ' The problem of measuring 
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tlie exact depths of the ocean, and bringing up parts of the soil from their beds, 
may now be regarded as solved.’ 

The deepest sounding known was taken bjr Belknap off the east coast of Japan, 
4,655 fathoms, a little more than 6:} statute miles in de]pth. lie took 304 soundings 
of 1,000 fathoms or upwards, mean time of descent for the first 3,000 iathoins, 
10 mins. 6 secs.; 101 ol* 2,000 fathoms or upwards, time of doacent in the second 
thousand, il mins. 30 secs.; 38 of 3,000 or upwards, time of descent for the third 
thousand, 12 mins. 40 secs.; 0 of 4,000 fathoms or upwards, time ‘of descent, for 
the fourth thousand, 35 mins, 54 sees. The rate of reeling in by hand was much 
slower than now attained by the use of steam po^ye^, yot- it was surprisingly rapid 
and easy in execution in comparison with the reeling in of hemp line. 

In the great depths oif tlie east coast of Japan, with the^ strong currents, 
Belknap’s appliances were in fact taxed beyond a perfectly satisfactory execution, 
the wire having parted on one occasion at a depth of 4,(ti3 fathoms, before reaching 
the bottom, and again in reeling in, after sounding in a depth of 5,}- stat ute miles. 
Larger wire and heavier apparatus can devolope beyond a doubt the depths called 
by the Germans the ‘ Tuscarora Beep.’ As now supposed from the soundings 
taken, this deep water lies at a moan distance of 320 miles from, and parallel to a 
line drawn between the most easterly Cape of Niplion and the most northerly 
Kurile Island. This is a general direction of N.K. ImlfN, It- appears to bo at 
least 250 miles in length, and is probably much longer, flaptain Belknap justly 
says that those extraordinary depths, contiguous to a. region of elevations, afford a 
field of operations of great interest to the liydrographor. 

The soundings made by ilelknap comprise an ui'tt of a great circle between the 
northern part of the island of Niphon, tho Aleutian Islands, and Puget Sound; 
another line between San Biogo, Oal., via the Sandwich Islands, and the liay of 
Yokohama, and a development of the true ocoan-bed from Puget Sound to San 
Biego. They reveal a dosien or more submerged elevations, veritable mountains 
* full many a fathom deep.’ In fact, these soundings furnish the first extended 
and undeniable development of extraordinary and abrupt inequalities in the depths 
of the sea far away from tlie land. We owe this to the inventive genius of Sir 
William Thomson, and to tho professional capacity of ('Uptuin Belknap, wlio not 
only knew how to make tho best, use of what he was furnivshed with, but also had 
the capacity to cure defe(ds in the apparatus such as they wore. In depths of 
3,000 fathoms ho used a dotacliablo sinker of 65 lbs. In greater depths ho supplo:- 
merited this with 20 to 30 IKh, of lead. In order to secure specimens of the bottom 
in larger quantity Belknap designed several cups, one of which is now unsurpassed 
for eiHciency by whatever modification or other design, as it> did its w^ork ]Hn'lectly. 

Although at tho time these soundings with wire wore determined on, the 
Superintendent of the Coast Survey of tho Unitod States hardly lioped a favourable 
result from the use of wire, as it had not boon adopted by tho * Olaillonger,’ winch 
had been fitted out for sdentific investigation some months btdore, yet ho able a 
man of science was not alow to adopt what Ikjlknap had shown was so admirable. 
In Rigsb(*o’8 * Becp-sca Sounding and Dredging,’puhlished l»y the (’oast Hurvey, 
Washington, 1880, we find, chap. 1, Un August 1871 the lhalvi\” Commander 
John A, Howell, U.S.N., was piovided with one of Sir W. Thonison\s sounding 
machines for wire.’ (’ornmandor Sigsboe in tho following montliH umd(‘ modilica- 
tions in the apparatus giving additional facility and riipuiity of oxccnition in sound¬ 
ing, but nothing could be added to the accuracy of tlio results that had aboady 
been obtained by Sir W. Thomson and Belknap. 

In the soundings of the Coast Survey, executed by Sigs])cc, Barthdt, Tanner, 
and others, we have a veritable revelation in tho contours and depths of our 
coasts. They have brought to our knowledge the wonderful cleft in tho crust of 
the earth on th^ line of the Hudson lliver extending 100 miles beyond Sandy 
Hook. Scarcely less interesting, but not so startling, are the plastor casts of the 
Gujf of Mexico, and of the OariDbean Sea. Tt is a grateful duty to indicate to 
whom honour is due that the depths of seas are no longer an unrovealed and un* 
fathomable mystery. 
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FRIDAY, AUGUST 29. 

The following Papers and Eeport were read 

1. The Seat of the Electromotive Forces in the YoUaio Cell. 
By Professor Oliver J. Lodge, D.jSc.—See Beports, p. 464. 


2!, Report of the Oommittee for constructing and issuing practical Stan-- 
dardsfor use in Electrical Measurements .—See Eeports, p. 29. 


3. On certain practical applications of a nevj Mechanical Principle. 

By Professor H. S. Hele Shaw. 

A paper hy the author, dealing with the theory of continuous calculating 
machines, was communicated to the Boyal Society hy Sir WDliam Thomson, and 
read on June 19 of this year.^ In that paper a mechanism of a new principle was 
suggested which would in theory perform the same operation as the disk and roller 
mechanism, and at the same time was free from the defects of the latter. The 
present paper is an account of the further development of the principle in the 
direction of its practical application. 

It was necessaiy, in order that the mechanism might be understood, to first 
briefly explain the principle of its action, which consists of two parts: (1) A pro¬ 
perty of the motion of a sphere when in contact under certain conditions with 
suitably placed rollers; (2) a geometrical principle connecting the relative position 
of the rollers in contact with the sphere, by which definite numerical results are 
obtained. The first is as follows: If two surfaces of revolution roll upon one 
another without slipping, their axes of revolution must lie in the same plane. 
Suppose any number of disks or rollers to be in contact with a sphere round one of 
its great circles j then they will roll upon it if their axes lie in the diametral plane 
which forms this great circle by its intersection with the sphere. The axis of revo¬ 
lution of the sphere must be also in this plane, but may have any position therein. 
Suppose a second set of disks or rollers in contact with the .sphere round another 
great circle formed by the intersection of a diametral plane perpendicular to the 
first, and with their axes of revolution in this plane j then, as before, the axis of 
rotation of the sphere due to its rolling contact with the second set of rollers must 
lie somewhere in the second diametral plane. There is, however, only one position 
for the axis which can satisfy both the above conditions, and that is the intersec-' 
tion of the two diametral planes. Thus, by changing this axis by the mere 7*oUmg 
motion of one set of rollers in a movable frame, any required velocity ratio of two 
rollers belonging to the other set, which are placed in a fixed frame, can be ob¬ 
tained. This is, moreover, done without the application of any force which will 
produce an error, in the case of exact numerical results being required. 

The practical applications proposed are of two kinds, viz.; (1) for performing*, 
mechanically continuous and discontinuous numerical calculations; and (2) for vsyry- 
ing in any required manner appeciable forces transmitted through it. The deter¬ 
mination of the proper materials and construction for each ease has been to a; 
certain extent guided by theoretical considerations, though it has been chiefly a* 
matter of experiment. 

The paper goes on to describe by means of diagrams, and the actual instru¬ 
ment itsSf, a rolling planimeter, similar in its method of use to those of Sang and 
Olerlc Maxwell, but differing in its principle of operation and in its ready adaptation 
for measurement of the moment of area, and moment of inertia. 

An instrument for indicating efficiency is also descnbed and illustrated. In 
both the above instruments the forces transmitted are inappreciable, and the rolling 
motion of the sphere is obtained by contact with the disks or rollers in such a v^ay 

1 See Froe. Roy. Soo. vol. xsxvii. p. 180. 
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as to ensure almost absolute accuracy. This method, which is explained, is not 
suitable for the second kind of application, where the forces transmitted have to bo 
considered. The paper discusses the practical mode of dealing with this question, 
and by means of diagrams and a model (which was exhibited^ shows that the trans¬ 
mission of moderate forces can be satisfactorily accomplisliod where accurate 
velocity ratios are not required. 


4. On 'some Irregiilarities depending on Temperatnre in Baih/s experi^^ 
ments on the Mean Density of the BartJu Dy Professor W. M. 
Hicks, MA . 


6. 071 Safety Fuses f07* JEJlech'ic CiTcuits, 

By Professor Sir William Thomsok, DL.D., F.B.S, 


6. A Lecture Fxperiment on Induction. 

By Professor Lord Hayleigh, LL.D.^ FMjS. 

It is well known that an electro-magnet., interposed in tlie circuit of an alter¬ 
nate current machine, diminishes the etfect far more than in a degree corresponding 
to the resistance of the additional wire. This behaviour of an eh'ctro-magnet may 
be exhibited to an audience in an instructive manner, by use of a helix wound with 
two contiguous wires (such as are commonly used foi* largo instruments), ono of 
which is included in the circuit of a Be Mentons machine, and a few incrandescetil. 
lamps. If the circuit of the second wire be open, the introduction of a few stout 
iron wires into the helix causes a jery marked falling olf in the incandescence. On 
closing the second circuit, currents develope themselves in it. of such a kind as to 
compensate the self-induction, and the lights recover their brilliancy. “jiJven 
without iron, the effect of closing the second circuit is perceptible, provided the 
degree of incandescence be suitable. 

An arrangement suitable for illustrating the same phenomenon with currents 
of small intensity was described in ‘Nature’ for May 123, 187:2. 


?. On Telcyli07iing thvngh a Gable. 

By Professor Lord Eaylkigh, LL.D., F.B.S. 

The principles of this subject were laid down thirty years since by Thomson,, 
but the author had not met with an application to the circumstances of the 
telephone. 

A periodic variation of potential, imposed at one end, is propagated along the- 
line in accordance witli the law 

7) ^ e ^ ^ cos. (^7U - 

in which is the frequency of the electrical vibration. For Atlantic cablet 

the constant kj depending upon the resistance and the capacity, lias an O.O.S.. 
measure such a value as 2 x 10^^. The distance, in traversing which the ampli¬ 
tude is reduced in the ratio e : 1, is given hy 

^ — a *1 centimetres. 

n a/u 

If we take a pitch rather more than an octave above that of middle c, we havo 
% as 3,600, *s 60, so that 

- 3 X10® centimetres « 20 miles approximately* 

A distance of twenty miles would thus reduce the intensity of sound to almost 
a tenth, an operation which could not be often repeated without, rendering it 
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inaudible. With sucli a cable the practical limit would not be likely to exceed 
fifty miles, more especially as the easy intelligibility of speech requires the presence 
of notes still higher than is supposed in the above numerical example. 


8. On the Influence of Magnetism on the Discharge of ’Electricity through 
Gases. By Professor Arthur Schuster, F.E.S. 


0. On a Galvanometer with Twenty Wires. 

By Professor Lord EiATLEigh, LL.D., F.E.S. 

Galvanometers suitable for currents of an ampere or two are most accurately 
standardised by means of the silver voltameter, but this method ceases to be con¬ 
venient when the current to be dealt with rises above five amperes. The present 
instrument is a kind of difierential galvanometer, provided with two electrically 
distinct coils, whose constants are in the ratio of ten to one, A current of one- 
ampere through one coil thus balances a current of ten amperes through the other. 
If the first be measured in terms of silver, the second serves to standardise an 
instrument suitable for the larger cuiTent. 

The novelty consists in the manner in which the ten to one ratio is secured. 
Twenty pieces of No. 17 cotton-covered wire, being cut to equal lengths of about 
eight feet, were twisted closely together, two and two, so as to form ten pairs, which 
ten pairs were again in their turn twisted slightly together so as to form a rope. 
In each of the two circuits there are ten wires. In one, that intended for the 
larger current, these wires are in parallel; in the other circuit the ten wires are in 
series. Of each of the original twists one wire belongs to the parallel and one to 
the series group. Now the two- wires forming an original twist are equally effec¬ 
tive upon a needle suspended in any reasonable situation with respect to them,, 
and thus if the ten wires in parallel have the same resistance, the circuit formed by 
the ten wires in series will be precisely ten times as efiective as the circuit formed 
by the ten wires in parallel. This is independent of the disposition of the ten 
original pairs, but by winding them loosely into a rope we gain an additional 
security in case the ten parallel wires, though of the same length and cut from the 
same hank, should have slightly different resistances. If all the twenty wires- 
could be assumed to have equal efficiency in deflecting the needle, the equality of 
resistances of the wires in parallel would he of no moment. 

The rope is bent into a single circle of about a foot diameter with leads twO' 
feet long. At this distance the necessary junctions can be effected without fear of 
disturbance. The electrodes for the * heavy current are formed of parallel 
copper strips, separated by an insulating layer, and the current is brought up 
through twisted leads as in Sir W. Thomson’s graded galvanometers. In the case of 
the smaller current, which oinbraees the needle ten times, so much precaution is not 
required. 

After the wires in parallel had been soldered up, but while those destined to be 
joined in series were still disconnected, insulation tests were made between each 
wire of tbe series group and the other wires of that group as well as the group in 
parallel. The resistance between each series wire and the parallel group was about 
2^ megohms, and (as might be expected) about twice as much between any pair of 
wires of tbe series group. 

It will be seen that when, in the use of the instruments, two currents are 
balancing one another, every one of the twenty wires carries the same current. In 
the actual instrument this current might amount, without undue heating, to four 
amperes, so that the heavy current would be 40 amperes. If it be not thought 
necessary to deal with currents heavier than 10 amperes, the gauge of wire might 
be reduced, a change which would facilitate the winding of the rope. 

The magnet and mirror should be of the kind used in reflecting galvanometers^ 
and may be hung at the centre of the circle. 
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BATUMI)AT, AUaUST 30. 
The Section did not meet 


MONDAY, SBMTEMBBR 1. 

The following Papers and Keports were read:— 

1. On the Connection between Stmspots and Terrestrial Phenomena, 
By Professor Arthur Schuster, SeeEeports,p, 446. 


2, On certain Short Periods common to Solar and Terrestrial Meteorological 

Phenomena, By Professor Balfour Stewart, Jf.A., LL*I),, 

a7id Wm. Lant Carpenter, E.A., B,Sc., F,G,S. 

In 1879 it was shown hy one of us that the diurnal temperature ranges at 
Kew, Utrecht, and Toronto appeared to exhibit common periods around 24 days, 
.and that similar phases occurred at Toronto eight days before they occurred at Kew. 
Using a method of analysis detecting the existence of unknown inequalities having 
apparent periodicity in a mass of observations previously described (* Proceedings 
Eoyal Society,* May 15,1879), the authors have now made a detailed comparison 
between sun-spot observations extending from 1832 to 1867 inclusive, Toronto 
diurnal temperature ranges from 1844 to 1879 inclusive, and Kew temperature 
ranges from 1856 to 1879 inclusive. As Professor Siokes lias pointed out, it is not 
necessary for present purposes to discuss whether these sun-spot inequalities have 
a real or only an apparent periodicity. The results of the comparisons made hy the 
a.uthors appear to justify the following conclusions: 

(1) Sun-spot inequalities around twenty-four and twenty-six days seem to 
have periods very nearly the same as the Toronto and Kew temperature ranges. 

(2) In the sun-spots and Kew temperature ranges there is only a single 
oscillation in the period, while there is evidence of a double oscillation in the 
Toronto temperature ranges. 

(3) The solar maximum occurs eight or nine days after one of the Toronto 
maxima, and the Kew maximum occui's about seven days after the same Toronto 
maximum. 

(4) The proportional temperature range oscillation is much less than that 
exhibited in tlxe case of the solar inequalities. 


3. Second Beport of the Committee for the Harmonic Anahjeu of Tidal 
Ohservaiions.'^S&Q Reports, p. 33. 


4. Beport of the Oommiitee for reducing and tabulafmg the Tidal Olserva* 
tians in the Fnglish Channel made with the Boiwr Tidv^gauge^ and of 
connecting them with observations made on the French See 

Reports, p. 37. 


5. Orh the Importance of Tidal Observations in the Qulf of St Lawrence, and 
on the Atlantic Coast of the Dominion. By Professor JoHNSOK, LL.D. 

The object of this communication is to draw attention to the fact that a 
-considerable number of wrecks in past years, involving ^eat loss of life and 
property, were probably due to want of knowledge of the Tides and Tidal Ourrents 
in the &ulf of St. Lawrence and on the adjacent Atlantio coasts, and to suggest 
that some means be adopted by the British Association to urge the OanaJian 
'Government to establish a series of stations where systematic Tidal Observations 
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shall he taken, to he subsequently reduced and made available for practical and 
scientilic purposes. 

6. Meport of the Gominiitee for considering the lest methods of recording 
the direct intensity of Solar Radiation ,—See Eeports, p. 28. 


Fourth Eejport of the Gommittee on Meteoric Bust .—See Eeports, p. 88. 


8. On the S;pot Spectrum from D to B. By the Rev. S. J. Perey, F.B.S. 

The observations of the red end of the spot spectra, made at Stonyhurst 
Observatory in 1883, afforded good proof of the existence in solar spots of Fe, Ca, 
Na, H, Ti, Ba, and Ni, and also fair indications of many other substances. They 
likewise showed that the line of W.L. 0677*6 belongs to the spectra of both spots 
and chromosphere. 

During the coui’se of the current year the widening of 240 lines between B and 
D has been detected, 66 of which belong to Fe, 12 to Ti, 4 to Ni, 4 to Na, and 
others to Oa, Ba, Mn, &c. 

Faint lines ap most affected by the selective absorption of spot vapours, Ti, 
Fe, and Ka, offering numerous examples. 

Lines not visible in the solar spectrum are often seen in spot spectra, and the 
penumbra affects lines in some cases almost as much as the umbra. 

Different elements are widened in different spots, and the lines of the same 
element are differently affected. 

The widening of the 3) lines on the violet side only affords evidence of a 
decided uprush in certain spots. 

Lastly, attention should be drawn to the fact that lines, marked as telluric 

in Angstrom^s map, are not unfrequently wider in spot spectra than on the surface 
of the photosphere in the immediate neighbourhood. 


9. On Recent Progress in Photographing the Solar Spectrum, 
By Professor H. A. Rowlano. 


10. On an Induction IncUnomeier adapted for Photographic Registration, 
By OhABLES OAEPMAEIi, M,A, 

The instrument is a modification of Lloyd’s Induction Inclinometer, the 
modifications consisting in— 

1. The substitution of a hifilar for a unifilar suspension. 

2. The placing of the induction bars at such a distance apart that, when the 
dip has approximately its mean value at the place, the suspended magnet may be 
in equilibrium at right angles to the magnetic meridian, under the action of the 
magnetic forces alone, the torsional force of the suspension threads having been 
made to vanish in that position. 

Stops are employed to prevent the magnet from turning much beyond the limits 
of the scale; as, if either pole of the magnet is allowed to approach too near to 
the soft iron bars, their magnetic condition is permanently changed. 

With this arrangement, if the permaitent magnetism of the induction bars is 
eliminated, the reading in the mean position is unaffected by changes in the total 
force, which will, however, affect the scale coefficient. Except in great disturb¬ 
ances, therefore, no correction for force need be applied. Small changes in 
declination will not affect the readings, so that the instrument is well adapted for 
photographic registration of changes of the dip, 

The permanent magnetism may be elimmated from each bar separately, by 
setting it in vibration when in the position in which the permanent magnetism 



63G REPORT—1884* 

opposes the induced, continuing the process until the reading of the instrument is 
unaltered on reversing the bar. 

The etj[iiation for equilibrium is approximately 

M E cosec /3 -G (I---K) 

wliere M is the magnetic moment of the magnet, E the total force of tlie onrthV. 
magnetism, 6 the angle of dip, I the scale reading corresponding to <9, K the scale 
reading (near the centre of the scale) in the position of no torsion, ^ the value of 
B corresponding to K, and G is a constant depending on the arc value of each scale 
division, on the distance between the suspension threads, and on the magnetism 
induced in the bars by the suspended magnet. The value of G may be determined 
from the time of vibration about the position of equilibrium. 

11. On an Ulecirlo Control for an Equatorial Gloclc-movement 
Bij the Earl of JEIosse, E.B.8. 

Although in the construction of timekeepers with intermittent motion a 
marvellous degree of accuracy has been arrived at, when it has been sought to 
obtain that constant cand uniform motion, so important in the driving apparatus of an 
equatorial telescope, greatly increased difficulties have arisen. 

In all the various examples wo liave the approximate control effected by the 
ordinary ball governor, whose balls, by moving outwards from the axis of rotation 
under the action of centrifugal force, when the required velocity has been nearly 
attained, bring into action a force of friction which prevents that velocity from 
being sensibly exceeded even with very considerable additions to the driving power* 
Now, although this simple contrivance has for some kinds of work proved 
sufficiently satisfactory, yet in all its forms and modifications, whether with 
approximate parabolic motion of the balls through a considerable range, or 'vvith 
their motion confined within the narrowest limits between a crutch or rest and a 
friction-ring, it lias failed to afford unaided that accuracy of motion so desirable in 
celestial photography and spectroscopy.^ 

Hence the plan has been resorted to of adjusting the governor for a speed 
slightly too great, and reducing that speed to just what is required by means of a 
supplementary friction-break. 

The friction-break has received several modifications, A brush dip])ing into 
oil and a fly revolving in air have been employed, and the pressure of a lover-am 
clothed with leather against a metal disc revolving at a high velocity, being iiow 
the most usual and probably the most effective” arrangement. I am now using a 
leather covering on the disc. 

We have in all these modifications this principle in common for bringing the 
supplementary break into play. The break is connected with a cog-wheel, rolling 
between two others, the first of which, rigidly connected with the train and gover-^ 
nor, revolves continuously at a normal speed of, say, a little greater than once a 
minute; the second, carrying a scape-wheel of, say, SO teeth, is permitted by a 
seconds pendulum to rotate intermittently in the opposite direction once in a 
minute. The intermediate wheel thus tends to preserve its normal position, any 
slight excess or defect of velocity of the governor bringing the friction break into^ 
play for a portion of each second slightly longer, or slightly shorter, than tlie 
normal one, and so preventing further displacement, 

(A) . The arrangement in its simplest form is provided with an escapement and 
a pendulum, whose motion is kept up by the action of gravity upon the intermediate 
wheel and fittings through that escapement, but as the impelling force is augmented 
or diminished according us the break comes more or less into action, isoehronism 
of the pendulum is only very imperfectly attained. 

(B) , Hence a modification was introduced by Mr. Howard Grubb, in which the 
pallets are inclined at the angle of friction throughout their length, and the scape- 
wheel drops without giving an impulse to the pendulum, and the motion is kept up^ 

^ Br. Huggins in working with his spectroscope, and Mr. Common in photography, 
have been obliged to ^id this governor by contimml personal attention* 
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and tlie isochronism with a regulator clock is preserved by alternate equal and 
opposite electric currents at every second, as in the ordinary system of controlled 
clocks. 

This method appears to have proved satisfactory in the cases where it has been 
applied, but as tbe 3-foot reflector at Parsonstown, being unprovided with friction 
rollers, does not move quite so freely, and, being unprotected by a building, is 
necessarily more afiected by the wind, and as the oil employed to lubricate the parts 
is more exposed to the action of tbe atmosphere, it appeared doubtful if the plan 
would be as good in practice as it is in theory. 

For tbe sake of simplicity the pendulum-control without tbe intervention of 
electricity, described in (A), had first been tried, hut though a marked improvement 
in the going over what it had been under the control of the governor alone was 
observed, still there remained much to be desired. 

The ordinary electric control from a clock in the Observatory was then applied 
to the same pendulum, the impulse being given through the escapement as before, 
but the action of the control was not found sufficiently prompt. The pendulum 
was then discarded and the escapement re-arranged, so that the pallets were per¬ 
pendicular to^ the motion of the scape-wheel, and cut square. Thus no impulse 
was given to it by the latter, and it was made to oscillate with the pendulum of the 
regulator-clock by the alternate action of two electro-magnets upon two pieces 
of soft iron attached to the escapement. The going of the clock-movement was 
now quite satisfactory, the electric control being sharp and prompt; but the battery 
power required to work it with certainty was considerable, and though this might 
nave been much reduced by more refinement of workmanship, through diminution 
of the amplitude of motion of the escapement, and consequent reduction of the 
distance through which the magnets would have to exert their attractive force, it 
appeared preferable to vary the construction. 

(C). The pallets are now inclined by an amount rather greater than the angle 
of friction, so that under the pressure of the scape-wheel the escapement would 
oscillate freely. Its oscillations are checked by the currents from the controlling 
clock, which are sent alternately through each of two electro-magnets. Thus the 
oscillations of the escapement are arrested on the attached piece of soft iron coming 
into contact with it. 

It is now possible to lengthen the arm carrying the keeper to almost any desired 
extent, so as to gain power, as the attractive force is no longer required to attract 
the keeper from the opposite end of the range of motion, but simply to bold it when 
brought into contact until the current be diverted, and less than one-twelfth of the 
battery power is adequate to work the modified escapement, I am unable to say, 
emterk paribus, the relative strengths of cun’ent required by this and by Mr. 
Grubb’s arrangement, but it may be claimed that the former (0) is by na means 
so complicated, and that at every second it is brought under a quick and certam 
control fiom the Observatory clock, that no refined workmanship is needed—an 
important quality in the case of a telescope unprotected by a building, in a moist 
climate—and that in theory the battery power may be reduced to any desired 
extent by lengthening the lever-arm which carries the keeper. 

It lias been found of advantage to add a ‘ dash-pot ’ to retard the descent of the 
scape-wheel tooth from one pallet to the next, also to place the centre of motion so 
that tbe escapement may always have time to complete by its momentum its full 
amplitude of oscillation, and come into contact with the electro-magnet even when 
not pushed all the way by the pallet, and it may not even be necessary, in order to 
prevent tripping, that the current be sent into each magnet soon as, or before, ib 
ceases in the other. Probably the total duration of the currents need not he 
greater than in arrangement (fi). 

12. On Polishing the Spectila of Ejecting Telescopes, 

By the Eare of Eossb, F,B.8, 

So little has been written on the polishing of specula, so few, comparatively, 
have had experience in the operation land the process is considered to be attended 
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witli so much difficulty, that it has occurred to me that, although my own experience 
is far inferior to that of my late father, a few observations may be of interest. 

The process for preparing and completing a parabolic speculum, after that the 
casting, rough grinding, &c., have been completed, consists of two operations: first, 
the ^ grinding ^ with emery of finer quality and smaller quantity as the operation 
proceeds, by whicli so tine and true a spherical surface may he given as may quickly 
receive a polish under the action of the polisher; and, secondly, the * polishing^ projperj,, 
which not only imparts the polish but changes, by the action of the elastic surface 
of pitch covered with a paste of rouge and water, the spherical into the paraboloid 
surface. The principal causes of uncertainty in the process are the variable hygro- 
metric condition and temperature of the air. If the air be too moist, that gradual 
drying-up of the moisture of the polishing material which is essential to success 
will not take place; if, on the other hand, it he too dry, it will be difficult to 
preserve that uniformity of moisture whicli is equally desirable. Again, if the 
temperature he too high for the quality of pitch employed, the surface will be 
untrue in detail from undue wearing down of the softer parts, and the pitch will he 
pressed out too thin before the process is complete ; while, if the pitch he too hard, 
the rouge will not become sufficiently embedded in it, and the polish will be 
imperfect, and also the pitch will not be able to adapt itself to the speculum, and 
an imperfection of figure will result. In sliort, we have three variables—tempe¬ 
rature, moisture, and quality of pilch, and these must he so relatively adjusted as 
to give a satisfactory result. Two kinds of stroke wore employed by my father, 
that known as the straight stroke, produced by the action of two eccentrics, one 
making many (say 16) revolutions to one of the other, and that known as the 
circular strolre, employed also by Mr. Lassell, where both eccentrics rotated in 
equal times, their radii being parallel to one another. 

The straif/ht stroke involved a considerable overhang^ of the polisher during two 
or three consecutive strokes, and a consequent difficulty in preventing too great local 
compression of the pitch, while there was some difficulty in preventing an unequal 
evaporation of the moisture when the air was a little too dry. 

The circular stroke also involved a tendency to unequal drying, and a tendency 
to annular elevations, and depressions of the surface of the speculum could only be 
removed by a change at intervals of the distance from the centre of the circle de¬ 
scribed by the centre of the polisher from the centre of the speculum. This was 
effected in the case of the 3-foot speculum by a somewhat complicated contrivance, 
and in the case of the 6-foot speculum simply by hand. 

The late Mr, Lassell, in the ‘'Phil Trans, for 1875/ describes a mnehino 
in which the relative angular motions of the eccentrics differ a little only, Imt an 
at the time ho had nearly given tip observing owing to age and infirmity, the 
machine probably was not tested as it deserved. 

I have, during the last two years, reconstructed the two polishing maolunos at 
Parsonstown, and have adapted them for giving to the polisher the stroke of Mr, 
LasseH’s machine.^ I have polislied two 3-foot specula and one 6-foot specidntu. 
In each case the result has been much above the average. There has boon no ap¬ 
preciable unequal drying, and no tendency to annular depressions. 

It should be observed that in all the machines the speculum has a slow move¬ 
ment of rotation on its axis, and also the polisher turns round, at a different rate* 
This was effected by Lassell by moans of a ratchet. We have found no necessity 
for a special contrivance, as the polisher being grasped by a loose hoop, witfi 
perhaps J to 1 inch of play, rotates by rolling inside the hoop. 

With regard to the polishing of fiat mirrors, as the required figure can he 
imparted in the grinding, it appears to be much the simplest to take pains to 
obtain as fiat a surface as possible before polishing, and to impart as fine ^ a surface 
also as we can in the, grinding. Care in this is well repaid by the shortness of time 

* On reference to Mr. LasselTs paper, it appears that the relative angular velocities 
of his eccentrics are as 1 ; 0"922. In my machine the relative veTocities are as 
1 : 0*806, but by moans of change wheels any other relative volooitios can be given. 

^ A bed. of hones, made by cementing pieces of Welsh hones on to a metal plate, 
is well adapted for giving a fine surface before polishing. 
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(half an hour) required for polishing when little alteration of figure be required^ 
and when no scratches haye to be worked out. 


13. An Account of some preliminary Experiments loith Hiram*s Anemometers 
attached to Kite^wires} By Professor E. Douglas Aechibald, M.A, 


In this paper the author recapitulated with additions the description of the kites 
and apparatus employed, together with the method of making the observations 
already given in fiie * Quarterly Journal * of the Meteorological Society in 1883, 
Two kites are flown tandem, and the lower or main one carries about 2,000 feet of 
piano cord wire similar to that used by Sir William Thomson for his deep-sea 
sounder. 

When the observations are grouped roughly for altitude only, the following 
results are obtained for the exponent x in the empirical formula ~ 


V, V, H, h, are the velocities in feet per minute and height in feet at the upper and 
lower elevations respectively. 


No. of 

Observations 

Mean 

upper height 
above place 
of observation 
in feet 

Mean 

lower height 
in feet 

Mean upper 
velocity in 
feet per min. 

Mean lower 
velocity in 
feet per min. 

Approximate 
value of X in 
the formula 

V _ Aly 

6 

249 

93 

1,630 

1,145 

i 

8 

412 

173 

1,751 

1,474 

1 

4 

634 

324 

1,987 

1,902 

1 

It? 


Thus, while the velocity is invariably found to increase, the rate of increase 
rapidly diminishes above the first 200 or 300 feet. Near the surface the increase 
of velocity is probably very rapid, and possibly agrees with Mr. Stevenson’s formula 

X e- S, Above the first fifty feet, however, it is plain that this fox’mula will not 
V h 

hold. It must further be remembered that the station of observation is itself 
500 feet above sea-level, and that about 200 feet above the ground the motion of 
the air corresponds nearly with what it would have at its real height above a 
sea-level plain. On this assumption, and adding the 600 feet to both the elevations 
in the two last groups of the table, we get x «| and \ respectively, values which 
are probably nearer the truth than -J and and which hover round the mean 
value J, determined by the author from a discussion of cloud velocities up to a 
height of 26,000 feet above sea4evel given by Dr. Vettin of Berlin, and discussed 
by the author in ^ Nature ’ for May 1883. 

Amongst other indirect results obtained by tbe author is the fact which tends 
strongly to support Dr. Koppen’s theory of the diurnal period in the velocity of the 
surface-wind. The author has frequently found that during the day his kite flew 
with difficulty, while in the evening it invariably flew steadier, higher, and with a 
stronger pull than during the day. According to Dr. Koppen there is an inter¬ 
change of air (Luftaustausch) between the upper and lower layers occasioned by 
the surface heating during the day, which tends to increase the velocity of the 
lower air by the communication to it of the more rapid motion which the descend¬ 
ing air brings with it from above. By an exactly converse action the motion of 
the upper layers is correspondingly diminished by tbe retarding action of the 
ascending air. This theory agrees perfectly with the phenomena observed by the 
author. 

Evidence as to the existence of an ascending current under the front of cumuli 
and cumulo-strata, and a descending current under their rear portions is also fur¬ 
nished by the behaviour of the kites, 

i Printed in extmso in November 20,1881 
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Appended is a list of tlie observations : 

Obbrrvatxons made wrrrr Riram’b Anbmometeiis attacfied to KiTBAYinE 
AT Bandown Park, TuKnuionH Wjsnnrt, oommbnoino Heptembbk, 1883. 


Time of 
commence¬ 
ment of 
obwservaiion 


Sopt. 8 
10 


Hov. 10 
,, 10 
Fob, 16 


March 8 
„ IB 
,, 19 
,» 20 
April 2 
,, 4 
May 14 


June 14 


11 6 


Hci^rlit of 
anomouieters I 
above place of 
observation ' 
in feet 


/B 278 
\A 77 
fA 257 
\ B 160 
/B425 
IA 178 
fB 380 
\A 146 
/A 217 
\B 98 
fB 230 
\A 110 
fA 383 
\B138 
/B403 
IA148 
/A 232 
\B107 
/B 430 
\.A294 
r A 130 
\B 40 
fB 270 
\A 88 
/B 268 
\A 79 
/A 133 
\B 215 
fB3r)4 
) A 167 
/A 446 
\B 212 
fB430 

1 A228 

f D 422 
i 0 293 
LB 186 
/B 495 
10 207 
/D646 
LB 310 
fB 631 
ID 339 
rD643 
tB334 
/A 618 
10 324 


1 !, 0 , n. 

Velocity of 
the wind in 
feet per 
minute 

Times of 
suspension i 
minutes 

1,501 

98 \ 

989 

82/ 

1,542 

100 \ 

1,352 

86/ 

1,177 

]21\ 

833 

109/ 

1,163 

75 \ 

882 

59/ 

1,209 

3n 

864 

25/ 

1,007 

25 \ 

1,248 

19/ 

1,771 

1301 

1,499 

109/ 

1,701 

114‘1 

1,539 

102/ 

2,079 

26*1 

1,638 

20/ 

2,534 

90 d 

2,441 

/ 

1,147 

561 

716 

45/ 

1,302 

731 

1,012 

37/ 

1,032 

1031 

1,110 

89 / 

1,518 

621 

1,234 

53/ 

2,384 

791 

2,016 

66/ 

1,030 

78\ 

1,105 

68/ 

2,202 

101/ 

1,916 

79 f 

. 2,038 

1121 

1,936 

99 L 

1,904 

90 J 

1,904 

691 

1,879 

59/ 

1,769 

981 

1,648 

90/ 

2,102 

971 

2,026 

88/ 

2,039 

871 

1,987 

78/ 

2,040 

621 

1,960 



Direction 
of wind 


N. 22^ W. 
S, 8^" E. 
N. 7^ E. 
N. 85^^ W. 
N. W, 
S. 82® W. 
K. 48® W. 
N, 76® W. 
8. 38® E. 
S. 37® W. 
S. 63® E. 
8. 49® W, 
8. 48® E. 
8. 62® W* 
H. 87® W, 
S. 23® E. 
8. 44® E. 

8. 38® W. 

K 77® E. 
N. 28® E. 
K. 37® E. 
K. 36® E, 
1® E* 
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During tlie ensuing year witli improved apparatus the author hopes to make a 
more complete series of observatious by wh'ch the variations in the velocity of the 
air at different heights may be discussed with reference to the action of the several 
factors, time of day, season, temperature, humidity, pressure, &c. The conclusions 
at present tentatively arrived at may be classified thus ; 

1. The velocity of the air invariably increases up to a height of 1,100 feet 
above sea-level. 

2. The increase is rapid near the surface, and diminishes sensibly at heights of 
200 feet or more above the surface. 

3. The velocity at any moderate height may be very nearly found from an 

empirical formula of the form tv* (h+A) where V, v, 11,4, are the velocities 

V \ 11/ i 

and heights at the upper and lower altitudes, and a a constant to be determined 
by comparison of observations. 

4. That Kbppen’s theory of the diurnal period in the velocity of the wind is 
strongly supported by the behaviour of the kites. 

6. That there is an ascending current in the front and a descending current in 
the rear of travelling cumuli and cumulo-strati. 


14 On the recent Sun-glows and Halo in connection with the Unction of 
Kralcatoa, By Professor E. Douglas Aechibalo, M.A, 


15. On Whirlwinds and Waters]pou1s, 

By Professor James Thomson, LL.D., F.B.S. 

^ Whirlwinds, whether on sea or on land, have tbeir characters in great part 
alike. For simplicity it will he convenient to begin by taking up only the case of 
whirlwinds on sea, as thus the necessity for alternative expressions to suit both 
cases, that of sea and that of land, will be avoided. 

It may be accepted as a fact sufficiently established both by dynamic theory and by 
barometric observations that, at the sea level, the pressure of the air is less in the 
neighbourhood of the axis of whirl, than it is at places further out from the axis, 
though within the region of the whirl. The apocentric force (centrifugal force) of 
the rapidly revolving air resists the inward pulsive tendency of the greater outer 
than inner pressure. But close over the surface of the sea there exists necessarily 
a lamina of air greatly deadened as to the whirling motion by fluid friction, or 
resistance, against the surface of the sea; and, all the more so, because of that 
surface being ruffied into waves, and often broken up into spray. This frictionally 
deadened lamina exerts, because of its diminished whirl speed, less apocentric 
force than the quicker revolving air above it, and so is incapable of resisting the 
inward pulsive tendency of the greater outer than inner pressure already mentioned. 
Hence, w'hile rushing round in its whirl, the air of that lamina must also be 
flowing in centreward. 

Tl'.e influx of air so arriving at the central region cannot remain there con¬ 
tinually accumulating: it is not anniliilated, and it certainly does not escape 
downwards through the sea. There is no outlet for it except upwards, and, as a 
rising central core, it departs from that place. This is one way of thinlring oi\i 
some of the conditions of the complex set of actions under contemplation, W 
there is much more yet to be considered. 

Hitherto, in the present paper, nothing has been said as to the cause or mode 
of origin of the diminished barometric pressure which, during the existence of the 
whirlwind, does actually exist in the central region. Often in writings on this 
subject the notion has been set forth that the diminished pressure is caused by the 
rapid gyratory motion of the whirling air; but were we to accept that view, we 
would have still to ask: ^ How does the remarkably rapid whirling motion receive 
its own origin ? ^ The reply must he that the view so offered is erroneous, and that 
in general a diminished pressure existing at some particular region is the cause 

1884 T T 
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rather than the effect of the mx)id, whh'ling* motion, thoug’h in some respects, 
indeed, these two conditions can be regarded as being mutually causes and effects, 
each being essential to the maintenance of the other, while there are also some 
farther promoting causes or conditions not as yet here nusntioncd. 

It seems indubitably to be the truth that ordinarily for the genesis of a whirl¬ 
wind the two chief primarily promoting conditions are:—Firstly: A region of 
diminished barometric pressure;—this diminution of pressure being, it may be 
presumed, due to rarefaction of the atmosphere over that region by heat and some¬ 
times further by its condition as to included watery vapour; and, secondly; A pre¬ 
viously existing revolutional motion, or differential horizontal motion, of tlie 
surrounding air j such revolutional or diffbrential motion being not necessarily of 
high velocity at any part. 

The supposed accumulation of air rarefied by heat or otherwise, for producing 
the abatement of pressure, may, the author supposes, in some cases extend upwards 
throughout the whole depth of the atmosphere; and in some cases may be in the form 
of a lower warm lamina which somehow may have been overflowed or covered by 
colder air above, through which, or into which, it will tend to ascend ; or the lower 
lamina may in some cases be warmed in any of several ways, and so may got a 
tendency to rise up through the colder superincumbent atmosphere. On this part 
of the subject, the author believes, there is much scope for further researches and 
advancements both observational and considcrational—that is to say, by encourage¬ 
ment of a spirit towards accurate observation, and by collection and scrutiny of 
observed facts and appearances, and by careful theoretical consideration, founded 
on observational results or suppositions. 

To the author it seems probable that the great cyclones may have their region 
of rarefied air extending up quite to the top of the atmosphere; while often whirl¬ 
winds of smaller kinds, many of the little dust whirlwinds for instance, which are 
frequently to be seen, may terminate or gradually die out at top in a layer or bed 
of the atmosphere different in its conditions, both as to temperature, and as to 
original motion from the lower layer in which the whirlwind lias been generated* 
In many such cases the upper air may probably be cooler than the lower air in 
which the whirlwind originates. On the subject of the actions going on at the 
upper parts, or upper ends, of whirlwind cores, in most cases, the author feels that 
he is able to offer at present little more than suggestions and speculative conjec¬ 
tures. In very many descriptions of the appearances presented by those, wllirl- 
winds with visible revolving cores, which are called waterspouts, it is told that the 
first appearance of the so-called waterspout consists in the rapid shooting down 
from a dense cloud, of a black, cloudy streak, soemhigly t^ortuously revolving, and 
swaying more or less sidewise. This is said rapidly to prolong itself downwards 
till it meets the surface of the sea; and the water of the sen. is often imagined and 
described as rising up bodily, or as being drawn up, int o the partial vacuum, or 
central columnar place of diminished pressure. The frequently entertainod notion 
7 -a notion which lijis even made its way into writings by mlm of sciotico, and of 
authority in meteorology—that the water of the sea is sucked up as a continuous 
li<][uid column in the centre of waterspout whirlwinds, k by some writers and 
thinkers repudiated as being only a popular fallacy; and it is affirmed that it m 
only the spray from the broken waves that is carried up. In this denial of the 

S osition of the water being sucked up as a continuous liquid column, the 
or entirely agrees: and he agrees in the opinion that spray or spindrift from 
the sea, set into violent commotion by the whirlwind, is carried up in a central 
ascending columnar core of air. 

On the other hand, the commonly alleged inception of the visible waterspout 
phenomena, in a descending, tortuously revolving, and laterally bending or swaying, 

e spindle protruding^ from, a cloud, the author supposes to be so well 
ted by numerous testimonies that it must be seriously taken into account in 
mlppment of any true theory and explanation of the physical conditions and 
f^^in^qlyed, He ventures to hazard a suggestion at present—perhaps a very 
is th,at, the rising central core may perhaps, in virtue of 
Ss, oeutrifugal tendency, ^ afford' admission' for 'the cloudy 
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stratum to penetrate down as an inner core within that revolving ascending core 
now itself become tubular. The cloudy stratum may be supposed not originally to 
have been endowed with the revolutional motion or differential horizontal motion 
with which the lower stratum of thermally expanded air has been assumed to be 
originally endowed. The upper stratum of air from which the cloudy spindle core 
is here taken to protrude down into the tubular funnel, is not to be supposed to be 
cold enough to tend to sink by mere gravity. Though it were warm enough to 
allow of its floating freely on the thermally expanded air below, it could still 
be sucked down into the centre of the revolving ascending core of the whirlwind. 

The author wishes further to put forward the question as to whether it may 
not be possible, in some cases of whirlwinds, for the barometric pressure in the 
central or axial region to become abated through the combined influences of rare¬ 
faction by heat (increased, perhaps, by conditions as to included moisture), on the 
one hand, and of whirling motion, on the other hand, very much beyond the abate¬ 
ment that could be due to heat or heat and moisture alone, without the whirling 
motion. He thinks it very likely that in great whirlwinds, including those which 
produce the remarkable plienomena called waterspouts, it may be impossible for the 
whirling action to bo confined to the lower region of the atmosphere; but that, 
even if commenced there, it would speedily he propagated to the top. It seems also 
not unlikely, and in some trains of thought it comes to appear very probable, that 
the whirling fluid, ascending hy its levity, would drive outwards from above it all 
other air endowed with less whirling energy, and would be continually clearing 
away, upwards and outwards, the less energetic axial core which enters from below, 
and any, if such there he, that has entered from above. He thinks the question 
should at least be kept open as to whether the whirling and scouring action may 
not go forward, growing more and more intense, promoted always hy energies 
from the thermal sources which have produced diflerences of temperature and 
moisture in different parts of the atmosphere, and that thus a much nearer approach 
to vacuum in the centre may he caused than would be due merely to the levity of 
the superincumbent air, if net whirling. 

He also wishes to suggest that the dark and often frightful cloud usually seen 
in the early stages of whirlwinds and waterspouts, and the dark columnar revolving 
core often seen apparently protruding downwards from the cloud, may be due to 
precipitation of moisture into the condition of fog or cloud, on account of abate¬ 
ment of pressure by ascension in level and environment with whirling air, which, 
by its centrifugal tendency, acts in protecting the axial region from the pressure 
inwards of the surrounding atmosphere. 

Addendum .—A few brief explanations and i*eferences will now be added to 
assist in the understanding of some of the principles assumed in what has been 
already said. It is to be clearly understood that in a whirling fluid, even if the 
velocity of the whirling motion be very small at great distances from the axis, if 
the fluid be impelled inwards by forces directed towards the axis, the absolute 
velocity will greatly increase with diminution of distance from the axis. Thus in 
the Whirlpool of Free Mobility, in wliich the particles are perfectly free to move 
outward or inward, the velocities of the particles are inversely proportional to the 
distances from the axis, the fluid being understood to be inviscid or frictionless. 
On this subject reference may be made to a paper by the author on * Whirling 
Fluids,’ published in theBrit. Assoc. Report, Belfast Meeting, 1862,’ part ii. p. 130. 
Again, as to the inward flow caused, in a frictionally retarded bottom lamina of a 
whirlwind or whirlpool with vertical axis, hy the frictional retardation from the 
bottom on which the whirling fluid rests, reference may be made to a paper by the 
author on the ^Grand Currents of Atmospheric Circulation,’ in the ^British 
Association Report, Dublin Meeting, 1867,’ part ii. p. 38. On another case of the 
manifestation of the same principle, reference may be made to a paper by the 
author in the ^Proceedings of the Royal Society for May 1876,’ in respect to 
the flow of water round bends in rivers, &c., with reference to the effects of 
friolAonal resistance from the channel in the bends, and to another paper by him in 
Ihe ^Proceedings of the Institution of Mechanical Engineers,^ August 1870/ 

466, where the inward flow is explaine4 ^ experimentally exhibited, 

T T 2 
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16, On the Formation of Frasil Ice. By G*. H. Henshaw. 

The author suggests tlie theory that' frasil ice ^ is a true growth upon suhstances 
beneath the surface of the water, due to the refrigeration of these nuclei by cold 
currents, in contradistinction to the theory that this ice is first formed on the 
surface, and afterwards carried down by currents and attached by a process of 
regelation to substances at the bottom. 


17. Note on the Internal Temperature of the Earth at Westville, 

Nova Scotia. By H. S. Poole, F.Q.S. 

On the slope or incline of the Acadia colliery in the Picton coalfield, reaching 
a length of 2,350 feet, at a depth of 990 feet below ihe outlet, holes were bored in 
the freshly mined coal, thermometers inserted, the openings closed, and the 
temperature taken after some hours. The experiment was repeated, and the record 
of 55® Pahr, verified. 

The ground immediately over the experimental station falls away with the dip 
of the measures, and is at that point about 930 feet in thickness: taking this as 
the depth, and allowing for the depth at which the mean surface temperature 
(42® Fahr.) is uniform by adding 1 to 13 (the difference in degrees between the 
surface mean temperature and that observed in the coal at the bottom of the incline), 
the number 14 is divided into 930, the depth, and the result obtained is an average 
depths of 60 feet for each degree in temperature. 

The practical interest attached t6 such an experiment lies in connection with 
the depth at which in the future coal may be mined in Nova Scotia without 
inconvenience from high temperature. 

The initial mean temperature being 9® (?) below that of the North ofEnglandfxs, 
accordmg to this experiment, equal to a depth of COO feet greater than in England 
before a corresponding temperature is reached. 

So far as is at present known, it is probable that seams of workable thickness 
ia the Picton field lie at a depth of 4,000 feet; in the Cumberland field at still 
greater depth; and in Cape Breton, whei*e the seams dip under the ocean, there is 
every reason to believe they extend to great distances and depths. 

In the aiithor^s report as Inspector of Mines, in 1877, he referred to the value 
of these submarine fimds, and to the necessity for care in working in our own day 
the out-crops of the seams near the shore, in order that the wealth seaward may ho 
secured for our successors. 


18. On the Formation of Macherel Shy. By Dr. H, Muibhead, 

At the Glasgow meeting of the Association in 1876, Sir “William Thomson read 
a short note on tho^ formation of mackerel sky. The author liaving paid much 
attention to the various aspects of the congeries of cloudlets so named, has come 
to the concluvsion that the following is the usual mode in which they are generated. 
Given a tliinnish stratum of air moist in process of passing o^’^er a drier and cooler 
body of air, of different velocity or direction. The vapour by cooling will become 
visible, and from friction the stratum will got rolled into long cylinders. Now let 
another current of air brush across the cylinders at right angles to their length, or 
indeed any large angle. This will have the effect of rolling the thinnish stratum 
into cylinders crossing the first set. And now neither set will appear as long con¬ 
tinuous rollers, but from being crossed will show as a congeries of little cloudlets 
ox drums, «.c., mackerel sky. 

In favour of this hypothesis it may be noted that if attention be paid to the 
cloudlets there will often be observed, at one or other extremity of the formation, 
portions of the cylinders which extend continuously for a considerable length 
where they have not been divided into drums by a crossing current, Again, if one 
of the currents moves too rapidly, some of the cloudlets will get so torn by it that 
they will often show as wisps or mare’s tails, Moreover! it may sometimes be 
* observed that when a long slender cloud is sailing end-long across the sky, that a 



TRANSACTIONS OB' SECTION A, 645 

portion of its length gets segmented crosswise so as to show somewhat like the 
rattles of a snake. 

Assuming that the foregoing is the usual mode of formation of this sky from a 
Ihinnish vapour-laden stratum, if the wedge does not push inwards in increased 
volume, the visible vapour will gradually disappear, diliused in the neighbouring 
drier air, and fair weather probably may follow. If, however, it drive in in largely 
increased volume, the cloudlets will be effaced into the formation of large con¬ 
tinuous cloud—a likely harbinger of rain, as we know is often the case in such cir¬ 
cumstances. 


TUESDAY, SEPTEMBER 2. 

SUBSECTIO^T OF MATHEMATICS. 

The following Papers and Eeport were read:— 

1. Note on Neioton^s Theory of Astronomical Refraction, a.nd on hisRJxpla^ 

nation of the Motion of tlie Mocrn^s Apogee. By Professor J. 0. Adams, 

F.R.S. 

2. RLisiorical Note on Gontimiity. By the Eev. C. Taylor, P.Z). 

I, A vital principle of all science is expressed by the term continuity. 

It is the recognition of this principle which difterentiates the modern from the 
ancient geometry, and in the department of geometry it asserts itself in the most 
complete and striking way in relation to the so-called circular points at infinity in 
any plane. 

The study of mathematics from age to age has contributed directly and in¬ 
directly to the advancement of science in general, and even such parts of it as are 
most abstract have had their full practical effect in the formation and spread of 
scientific ideas. The doctrine even of the circular points at infinity is not to be re¬ 
garded as barren or unpractical. 

II, A passage of the utmost importance for the history of modern geometry, 
which has nevertheless escaped the notice of writers on that subject, is to be found 
in Kepler’s ^ Ad Vitellionem paralipomena,’ cap. IV., §4 (1004). 

In this passage, speaking of the foci of conics as points which then had no 
name, he himself proposes to call them foci. He shows that the parabola has a 
focus at infinity, that lines radiating from this ' ciecus focus’ are parallel, and that 
it may be regarded as lying either within or without the curve. 

Thus he regards every straight line or system of parallels as having one point 
only at infinity. Fi’om this we deduce that all the points at infinity in one and the 
same plane constitute a quasi-rectilinear locus, since a straight line drawn at 
random therein meets this locus in one point only. 

He also shows how to pass by insensible gradations from the circle through the 
three normal forms of conics to the line-pair, laying down clearly and decisively the 
principle of continuity, not indeed under that name, but under the head of analogy. 

How profoundly he was impressed with the depth and range of this principle 
will be gathered from his great saying:— 

, . , plurimum namque amo analogias, Jidelmimos meos magistros^ 07imium 
natvA^m arcanorum consdos. 

III, I conclude with three proofs of the existence of the circular paints at 
infinity. 

(1.) In a given plane draw a circle and let it meet the line at infinity in 
j^oints A' and y. Take an arc AB of the circle subtending any angle at tbe circiim- 
terenee, and therefore at x and y. Through x draw two straight lines at random. 
These may be regarded as parallel to xK and a'B respectively, because x is on the 
line at infinity, and therefore as containing an angle equal to A.rB, that is to say. 
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as containing an iiuhterminate angle. Hence any two points in tlie plane may be 
regarded as subtending any angle whatsoever at .t, and likewise at y, xMl circles 
in it therefore pass through these two points on the line at infinity. 

(2.) Let two circles intersect at points A and B not at infinity, and likewise at 
points a* and y. The arcs AB in the two circles subtending unequal angles at .r, 
the angle A.iB in the one must be equal to some other A.rO in the other. It 
readily follows that a- is a point at infinity; then, as in (1), that any two lines through 
it meet at an indeterminate angle, and hence that all circles pass thx'ough .r and like¬ 
wise through y, 

(S.) Let a circle meet the line at infinity in x and y. Its centre C being the 
pole of .ry, the radii 0.r and Oy are tangents to the circle. Therefore each of them, 
being also tbe normal at its point of contact, is at right angles to itself, as conse¬ 
quently is every line in the system of parallels through x or y. 

Join any point O to x and y, draw a circle round 0 as centre and let it cut Oa‘ 
in and Oy in y'. The radii Ox' and Oy' are the normals and therefore also the 
tangents to the circle at x' and y', and their chord of contact is at infinity because 
0 is the centre. Hence x' and y' are identical with the points x and y at infinity, 
which are therefore points on every cii’clo in the given plane. 


3. On a Model of the Gylindroid^ showing the Nodal Line* 
By Professor Hobbet S. Ball, LL.B,, F*R,S. 


4. On Solvable Lredncible Eguations of Prime Degree* 
By Professor George Paxton Young. 


§ 1. Let P(a*) « 0 be an irreducible solvable equation of the with degree, m 
prime, with roots ri, rg, &c. The equation being understood to have been deprived 
of itis second term, the roots are of the forms r— 

LIP, ’’‘d \ 

mr^ * -t- Ai"* + ... + c^A^ j 


l 2^ 5 Wi-l 7H-1 

-f . . . + 0) 


.. 0 ) 


I , fl 3 (m-l) m-l 

and so on; where <» is a primitive root of unity f and &c., involve only 

1 

surds that occur in A^ and are thus subordinate to A^ . If we call 

12 8 nt-i 

A^S «,A,«*, &,AA.. (2) 

the separate members of I propose first of all to establish the fundamental 
theorem, that the separate members of the root Tj can he mmayecl in groups 
Gg, such that any symmetneal function of thete/^ms in any one of the yi^vups is m 
rational function of the root (§8). The groups G^, G^, «fec., may be defined more 
exactly as follows. The powers of the terms in (2) are the roots of a rational 
equation of the degree auxiliary to F(.r) « 0. Should tho auxiliary not be 

irreducible, it can be broken, after the rejection of roots equal to ssero, into rational 
irreducible sub-auxiliaries. This being so, the terms constituting any one of tho 
groups Gi, Gjh ^c., are those separate members of r^, which, severally multixfiied 
by w, are roots of the roots of the auxiliary, provided the auxiliary be irre¬ 
ducible ; but when the auxiliary is not irreducible, the terms constituting any on© 
of the groups Gj, G^, &c., are m**' roots of the roots of a sub-auxiliary. From the 
fmdamenial theorem above enunciated can be deduced as a corollary the theo7*em of 
Qalm^ that r^ is a rational f motion of and In fact, any symmetrical function 

of those separate members of Wj, which constitute any one of the groups G^, Go, 4%c., 
is a National function of v^and r^ (§ 13), Not only is it proved that r^ is a 
i%^oUal function of r^ and but the investigation shows how the function is formed* 
An instaiije ih verification is given (§ 15). It incidentally appears that if c be the 
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number of terms in any one of tbe groups &c., the c mm of a cycle of 

primitive roots of unity is a rational fimctimi ofr^ and (§ 17). Finally, the 
law of Kroneeker^ that the equation F(jv) ^0 is an Abelian when a certain exp^'ession 
pi, the root of an Abelian equation of the (m-1)*^ degree^ is taken as known^ is 
deduced^ the exact nature of being dete^'mined (§ 18). 


- 5. The Tadinvariant of a Conical Section and a Cubic Curve, 

By Professor F. Lindemann, P/i.P. 

Dfsign by af -hf ... a binary quantity of tbe sixth order, and by 

A, B, 0, An 7 m tbe invariants of it as they are defined by tbe following formulas (cf. 
Olebscb’s * Tbeorie der binaeren algebraiscben Formen : 

7n^^==ili)Hp 

A^(ab)% B-^Cii'f, (n'f(i'i'y{i"iy, 

•^mni ^ 

According to Mr. Brioscbi, tbe discriminant of a^ is given by tbe expression 
27-8-A^ + 23-8-53'A-^B + 

From this one may derive tbe tactinvariant of two plane curves, one of tbe second^ 
tbe other of tbe third order, by a method which I have established in tbe 
<Bulletin de la Soci^td Matbdmatique de France’ (t. v. et vL). Suppose tbe 
equation of tbe first one given by 

and tbe equation of tbe cubic by 

XXX 

Tbe tactinvariant of those two ternary quantics is evidently not changed, if, w© 
take tbe quantic 


instead of ^wbere A = ; and so we have to do if we follow tbe method 

referred to. 

Tbe simultaneous invariants of and wanted for our expression, may be 
introduced by tbe following system of formulse: 


A« iippy, T = (pe'O 


S = (a^y)(a06)(ayd)Oyd), 

T « (apy) ^a^H)(ayH)(^7H). 

Suppose now that a point x of tbe conic pf-0 is represented by the para- ^ 
meter so that 

and put 

then one has « A (cfi loc. cit.), and the further application of our method leads 
to tbe results 
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I3«A = ~2a, 

mo «r’^A^T + |A3 - ^-a^Sa, 

D^'U„,,-.irA + 5A^TA-j;A«s 
+ ;,a«aS-JA’'»ST. 

Those expressions have to he inlroduced in Brloschi’s iliacnminani, aii<l so will 
give immediately the tactinvariant and for which we have hcen h)oking. 


6. On the ‘ Analysis Sitiis ’ of Threedimemlonal S;pxccs, 

By Professor Walther Dyck, D.PA. 

The following considerations refer to the analysis situs of threedimensional 
spaces, and its formulation is called forth by certain researches on the theory of 
functions, which, however,'! oanot enter upon here.^ 

The object is to determine certain characteristical numbers for closed tliree- 
dimensional spaces, analogous to those introduced by Kiemann in the theory of 
his surfaces, so that their indentity shows the possibility of its ' one-one geometri¬ 
cal correspondence.’ 

Supposing every part of the space in question holiaves itself as our ordinai'y 
euclidian space, with this restriction, that the infinitely distant points are to he 
considered as condensed at one single point 0 Ilaum der reciproken Radien ’), 
Collecting under one representative all those spaces, between which a one-one cor¬ 
respondence is possible, we can form all possible closed threedimensional spaces by 
the following procedure: 

We cut out of our space parts, limited by closed surfaces, each pair being 
respectively of the deficiency (Geschlecht) Then, by establishing 

a mutual one-one correspondence between every two surfaces, w^e close the space 
thus obtained. The numbers of the surfaces, thus made use of, and 

the manner of their mutual correspondence then form what we may call the dis¬ 
tinctive characteristic of our space. This characteristic is determined:— 

1. By the existence of certain closed surfaces, which are not able to isolate a part 
of the space. These are surfaces surrounding the above-named surfaces of the deii- 
ciency^j,^?2 . . . 

% By the existence of certain closed curves in our space, wliich can neither be 
transformed into each other, nor bo drawn together into one point. 

We will now consider the last-named characteristic, which, so far as ! know, 
has not been elsewhere discussed. Let mo explain it by an easy examph*, suitable 
to show the general particularities. Suppose two rings (of the deficiency 1) cut. 
olf of our ordinary space. According to the manner in which the oue-ono corre- 
^ondence of these two surfaces is denned, essentially differing spaces are formed. 
First,^ for example, we can make them correspond so that meridian (mrvea fall on 
meridian curves, and latitudinal curves into latitudinal curves. !'hen there exist 
curves which cannot he contracted into one point. For if we put a closed curve 
surrounding the first ring, the curve, by all expansions and deformatioiiH it is liable 
to, always encloses one of the two rings. On the contrary, supposing we had made 
the meridional cun’es to correspond to the latitudinal ones and vice versa, curves 
of the above description would not have been found, For a curve surrounding the 
one ring^ can first be contracted into a meridional curve of this ring. This curve 
is identical with a latitudinal curve of the second ring, and this last-mentioned 
curve can be removed from the ring into our space, and therefore be contracted 
into a point. 

In this way the particular correspondences, above described, between every two 
of our surfiices give rise to particular kinds of closed spaces. The enumeration of 
these spaces is immediately connected with the enumeration of the canonical 
orthogonal substitutions, which give rise to new periods from the periods 
mip > * mp in the theory of Abelian integrals, according to Kroneckert 

; 1 hope to develope this, subject further on another occasion. 
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7. On the Expression of the Co-ordinate of a Foint in terms of the Fotential 
and Line of Force at the Foint By Professor W. M. Hicks, 


8. On the Fressvre at a Foint ioiside a Vortex-ring of TTniform Vorticiiy. 
By Professor W. M. Hicks, ILA. 


9. Transformation of the Stereographic Equatorial Frojection of a sphere 
hy means of a certain form of the Feaucellier Celt 
By Professor A. W. Phillips. 

The machine is made of bars of metal. A is a fixed point, B traces the originaf 
projection, and C the new projection; 

If the point A is fixed on the equator in the Stereographic Equatorial Projection, 
and Bi traces the meridians and parallels of this projection, then 0 will trace the 
meridians and parallels of the St&i'eographio Mendian Projection. 

(The pi'oportions of the machine are made such that the projections of one 
half of the sphere in tlie two pictures are contained in circles of the same size.) 



If the point A is fixed on the parallel of south of the equator in the oi’iginal 
projection, and B traces the parallels and meridians as before, then C will trace the 
parallels’and meridian's of the Stereographie Horizontal Projection, in which the 
North Pole will be from the Northern horizon. 

The above propositions are proved by transforming the equations of the parallels 
and meridians in the original projection by means of the relation betw^een p and p' 
with respect to the fixed point A. The transformed equations agree with the 
equations of these lines in the Meridian and Horizontal projections. 


10. A Geometrical Theorem in connection toiih the Three-cusped Eypocjjcloid* 

By R. P. Dayis. 


11. On the Discriminating Condition of Maxima and Minima in the 
Calculus of Variations. By E, P. Culyerwell, MA. 


Jacobi’s method of reducing to limiting 

* J \ ax dx^J 

-1-^ -- r^s df _ ^ 0^^ gy 


variations, along with a term 


j mi 


dijf&rentials, is open to objection, not only because of its ^reat length, but also as 
it appears to assume that the first 2% differential coefiieients of by must be con-^ 
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tinuous; and furtlioraioji^, it is not shown explicitly that teims coitainin^ 
where m is greater thn^i do not appear at the limits. 

The foil0wiiigr prool’ sectaft free from ohj ection - 
If we adopt the notation 

. (V\f 

9i* sss ' 


we may write 


1-4'’ 


f, hfdi, 


we get 


difdr ’ 


6 Ti« S 


Again, observing that 




and that Y,^«Yg,., it is easiSy seen that any series of this kind can be reduced 
to limiting terms + |2A» Vj'. 

Now write a»i we get d^TJ«limiting terms+ 

after proper reductions. SiiU/e^the B coefficients aie functions of and its dilFeren* 
tial coefficients, we can detmanSue ss, so that « 0. Again, if bo xegardi'd as 
constant, the whole iutegral “v^ninhes, and therefore 5 U dojionds only on limiting 
terms; consequently Sy, or js,, u a solution of the equation lor 5y got'by 


+^'(SY.) + §-<^ = 0.V/ 

or if y - f (i( fj, '■,. . . Cjji}, then Sj** will do what wo waul. (TJie slricl 

V WCj 

proof of this rcquiies that wo consider ASIT iu place of d^CJ, and mak J\ii/ con¬ 
stant, leaving 3^^ arbitrary, being 

Wo now have linniiin^ terms 

Write this as J 0,^1 \ c, / j j dr, where iu this and in wliai follows the 

dots mean diffbrontiation I \ / / with respect to /, and make 0(j vanish by 

choosing 6 properly. \ / 

The value of d is foundry considering that if 

c being constant, Sy must bo a tiolution of (1) 


and therefore 


^****(^*) 
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and so finally we get »limiting terms 



where the "brackets go until we have 5 ^ as in the last of them. If Y vanish, 

o ^ dc nn r 

ft 

it is very easy to see what the criterion becomes. 

The coefficient is 


- Y dY _ 

du.‘ 


in place of ®nd we have to use one root less, and so on for any number of coeffi¬ 
cients being absent. 


12. On the Inmriahle Flane of the Solar System* 

By David P. Todd, M,A* 

According ta the well-known principle of Laplace, that the sum of the products 
formed by multiplying each planetary mass by the projection of the area described 
by its radius vector in a given time is a maximum — y being the inclination of the 
invariable plane to the ecliptic, and r the longitude of its ascending mode; and 
having from th€ Meeantque Celeste — 

c" 

tanysmjr*— 
c 

c' 

tanycosTT® -- 

c, if and (;'' being constants depending upon the elements of the planets which 
make up the system, I determined in 1877 the position-elements of the invariable 
plane of the solar system for the epoch 1875. Ail the papers relating to this 
investigation were unhappily destroyed in the conflagration of the Walker Hall of 
Amhurst College two years ago j and only the approximate results, on a memO" 
randum which I have recently found, were preserved elsewhere. They are— 

y« rSB' 

7r« 106^0' 

Better values, of some of the planetary masses are now known, and I have 
lately repeated the determination, ao initio^ employing the results of the latest avail¬ 
able researches on the planetary elements, the epoch being the year 1900, 


Subsection of Phtsics. 

1, Bejpcrt of the GommiUee for facilitating the adoption of the Metric System 
of Weights and Measures in Great Britain ,—See Eeports, p. 27,, 


2. On the Colours of Thin Plates, 

By Professor Lord Ratlbigh, Xrl/.D., P,B,8. 


3. On Clarlds Standard Galls* By Professor Lord Baydeigh, LI/.D., F*B,S* 

In the hope of flnding a clue as to the origin of some of the minor anomahes 
of Clark cells, I have made experiments upon the E. M. K of combinations, in 
which two diflbrent strengths of zinc amalgam take the place of the zinc and pure 
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mercury of the Clark cell. No mercurous sulphate is employed, the liq[iud hein<^ 
simply a saturated solution of zinc sulphate. 

If the same kind of amalgam he used for both poles, the symraotiy is complete, 
and there should he no E. M. F. But if wo take for one pole a strong, but Iluid, 
amalgam', and for the othefr the same amalgam diluted with an equal volume of 
pure mercury, we find a very sensible E. M. E., the strong amalgam corresponding 
to the zinc of the ordinary Clark. In my experiment the E. M. F. was -004 Clark, 
and remained pretty constant from day to day. In another cell the same strong 
amalgam was used for one pole, and for the other pole was diluted with three times 
its volume of pure mercury. In this case the E. M, F, was *009 Clark. 

. If we replace the diluted amalgam with pure mercury, we obtain (\yithout 
mercurous sulphate) nearly the full E. M. F. of the Clark cell, but, as might be 
expected, the loree is very unsteady. From this it would seem that the function of 
the mercurous sulphate in the usual form of cell is to retain the purity of the 
mercury, and that the E. M. F. is largely due to the affinity of mercury for 
zinc. 


4.' 0)1 an Analogy between Seat and Electricity, 

By Professor Gr. P. Fitzgerald, F,B.8, 

The object of this communication was to point out the analogy that may he 
drawn between quantity of electricity and quantity of entropy when electric 
potential is considered as analogous to temperature. A non-conductor of electricity 
would be a non-conductor of entropy, which is the same as a non-conductor of 
heat. A conductor would be a heat engine in which the fall of temperature of the 
entropy was completely utilised. 

It was pointed out that a molecular structure of the ether could be assumed 
which would not conduct heat as material gases do, but which might be thrown by 
differences of temperature into the state of stress that explains electrostatic pheno¬ 
mena. It was explained thah this was a step beyond that made by Maxwell in his 
Electricity and Magnetism, where he avoids any hypothesis as to how electric 
displacement produces mechanical stress. It was, on the other hand, explained 
that the principal object of the paper was not to bring forward this very doubtful 
hypothesis, but to point out that the analogy of electric currents and displacements 
to the motion of an incompressible fluid was by no means the only one that could 
be drawn, and by pointing this out, to obviate the danger which is at present 
imminent of this mere analogy being considered as a likeness. 


5. The TeUmefer System. By J. Urquhart Mackenzie. 


G, The Injlmnce of an Electric Current on the Thinning of a LiqiM Flhn. 

By Professors A. W. Eeinold and A. W. EGoker. 

The authors described the effect of passing a current of from 0*5 to 3 5 micro- 
amptos through a cylindrical liquid film. The films were about 40 mm* long and 
38 mm. in diameter, and were formed of a solution either of common potash soap, 
or of Plateau’s ^ liquide glyc^rique,’ with a small quantity of nitrate of potash added 
to improve the conductivity, A number of films were formed, and allowed to thin 
under the action of gravity alone, when no current flowed. They all behaved 
substantially in the same way. After a few minutes signs of colour were seen at 
the top, and in from 9 to 16 minutes a complete ring of black appeared* Three 
quarters of the film were colourless. When^ a downward current was passed 
through a film from the moment of its formation, rings of coloui' appeared with 
^eat rapidity, but much broader and more diffuse' than before, and occupying a 
larger area of the liquid* If the film had already a ring of black at tbe top, the 
effect of the downward current was to augment this, and rapidly to thin the 
portion iminediately below it In all cases, provided the current was not too 
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strong, the effect of the descending current was to promote the thinning of the 
film. An ascending current, on the other hand, checked the thinning of the film, 
retarded the formation of coloured rings if applied from the beginning, and rapidly 
caused the disappearance of the black if applied after a ring of black had already 
been formed. These effects were more marked with the soap solution than with 
the ^ liquide glyc^rique,’ hut the nature of the effect was the same with the two 
liquids. The results are valuable, as giving the means of controlling the thinning 
of a film in cases where it is desired to compare the properties of two films of 
different thickness. 


7. On the Diffusion of Metals. 

Dij Professor W. Chandler Roberts, F.E.S, 

8. Gu some FTienornena connected with Iron and other Metals in the solid 
and molten states, with notes of experiments. By W. J. Millar. 

(1.) Object of Bapey. —Results of experiments hy the author with various metals, 
such as cak-iro'n, gun-metal, phosphor bronze, lead, copper, and type-metal. The 
object being to determine the cause of the well-known phenomenon of the float¬ 
ation of cold cast-iron on molten cast-iron, and as to whether any expansion took 
place upon solidification in the metals above noted. 

(2.) Notes of some of the experiments from which the author concludes that 
the cause of floatation of the solid metal on liquid metal of the same kind is 
buoyancy, due to expansion suddenly set up in the immersed pieces, and that this 
expansion was foundby careful measurement to be at least equal to the shrinkage 
or total decrease in length of the piece from white hot solid to finally cooled down 
solid. 

Furtlier, that the expansion observed is obtained within much lower limits of 
temperature than the shrinkage; as the pieces, which were in ail cases removed 
from the molten metal, immediately on appearing floating hardly showed redness, 
and when broken, it was found that *the crystalline character of the metal 
remained. 

(3.) Notes of experiments made hy gradually heating pieces of cast-iron—the 
results of all these experiments leading the author to conclude that the rate of 
expansion in cast-iron is at first much more rapid at low temperature than after¬ 
wards at high temperature. 

(4.) From experiments carried- on with pieces of lead, copper, and type-metal 
it was found that if anv floatation occurred, it was only with small light pieces— 
heavy pieces sinking and remaining at bottom of ladle. 

Gun-metal and phosphor bronze behaved like cast-iron. 

(5,) Consideration of the peculiar appearance, or ^brealt^ observed on the 
surface of molten cast-iron, the figures presenting a geometrical pattern, like inter¬ 
lacing circles or stars. 

The author believes that this appearance is due to cracks forming upon the 
rapidly forming skin—these cracks taking more or less a circular form from the 
convex forms, into which the various parts of the surface are thrown, due to the 
bubbling np of gas or air. 

This appearance is limited to cast-iron, and experienced observers can tell the 
quality of the iron from the form of pattern or figures showing on the molten surface, 

(6.) From observation and experiments earned out from time to time, the 
author concludes that no perceptible increase of volume of the metals noted occurs 
at the moment of solidification, at least when free from air or gas confined within 
the casting,^ 

9. On the Telodty of Light of different Ooloxirs. 

By Professor George Forbes. 

See also Proceedinys of the Moyal Society of Edinburgh^ Session 1881-82. 
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10. On the Velocity of Light in Oarbon LiBulphide and ilia Difference in 
Velocity of Bed and Blue Light in the same. By Albert A* MibnELSON. 

The arraiigomeBt of apparatus was essentially the same as in Die experiments of 
Poncault. The liquid was contained in a tube 2 feet long, with jilate* glass ends. 
With about 300 turns per second, and a radius of 20 feet-, a deflection of 1|- mm. 
was obtained. 

The principal difficulty was the obtaining a clear image through the liquid. 

The ratio of the velocity in the liquid to that in air was found to be as one to 
1*75. The theoretical value is the refractive index of the liquid, or 1*G5. 

In the second part of the work the light 'vvas coloured by a direct-vision prism 
placed before the slit. The colours selected were half way between 0 and D and 
haljf way between b and F. 

It was found that the red ray travelled per cent, faster than the blue, which 
is in accord with theory. 

11. On a Systematic Besearchfor Stars with a Measurable Anivml Farallax, 

and its BesuUs, By Professor Egbert S. Ball, XL.P., F.B.8, ‘ 

12. On an Mectrodynamometer^ with extremely light meviny coil^ for the 
measurement of small alternating cibrrents} By Dr. W. H. S'rONK. 

The moving coil is made of aluminium wire, which for given mass conducts 
better than any known substance. ^ This is silk-covered, and wound in an anchor¬ 
ring-shaped form on a hollow bobbin of cork. The two ends are brought up to a 
small plate of ebonite, and connection is perfectly made by means of minute 
clamping screws, with a bifilar suspension of gilt silver wire. The bobbin is then 
immersed in a small tank of petroleum oil, which serves at once (1) to lessen its 
weight, (2) to act as a preserver of the in,sulation, and (3) to damp any excessive 
vibration. 

The instrument has the great additional advantage of moving quickly up to its 
full deflection, and thus giving less time for the running down of the W-tery 
attached to the primary inducing coil than that which occurs in the ordinary forni 
of the instrument. As cork swims in heavy petroleum lamp oil, and the silk- 
covered aluminium wire sinks, a combination of the two of any given specific 
gravity within certain limits can easily be obtained. (See ^ Nature/ Oct. 30, 1884.) 

13. On the Law roynlaiing the Connection benvaen Current (xnd Intensity 
of Incandescence of Carbon Filaments in Qlow Lamps, By W. H, 
JPkeeoe, FJtS. 

In a paper read before the_ Boyal Society in 1883,1 ]joint 0 d oat, from experi¬ 
mental data, that the light emitted by a glow lamp varied apparently as the sixth 
power of the current. 

I have verified this la*w, not only by subsequent experiments of my own, but, 
which is much more satisfactory, by experiments of others. Professor Kittler, of 
Darmstadt, and Captain Abney have made, independently of each other, most 
careful and exhaustive measurements in this direction. I have tabulated and 
traced them out in curves, which I submit. They fully conflrm the law that 

but within limits, and that these limits embrace the ordinary range of a glow lamp 
when used for artificial illumination. As long as the resistance and the current 
vary uniformly^ together, the law liolds^ good * but as the state of incandeseeneo is 
increased, a point is reached, varying with each kind of lamp, when the resistance 
ceases to diminish at the same rate, and eventually to increase* When this occurs 
the law ia departed from, and the light emitted increases much faster than the 

- , Bee October 80, 1684* . 
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sixth power of the current. The filament speedily breaks. The point of departure 
from the law indicates a point when a change of state occurs in the carbon filament. 
Disintegration probably sets in. This point ought to be determined for each kind 
of lamp, and it should never be allowed to be reached, for it is from this point that 
decay commences and rupture follows. 


14. On the Hq^iaiions of Dynamo-Blectric Machines^ 
By Professor Silvanos P. Thompson. 


15. 0% Barth Currents. By E. 0. Walkee. 

Extended observations of these currents in India show potential to be east 
during the forenoons and west in the afternoons, that is to say, currents will flow in 
the telegraph lines from east to west in the forenoon, and west to east in the after¬ 
noon. The phenomenon seems to he a very invariable one on quiet days, both with 
regard to times of maxima and times of change. The maxima appear to occur 
about 9 to 10 A.M. and 2 to 3 p.m. 

The fact of the existence of these currents is often attributed to the earth’s 
magnetic field, and no doubt sensitive instruments would reveal such induced 
currents, underlying those produced hy more local causes. The author thinks that 
the variable ciuTents most generally noticed are due to the latter. Something else 
than the mere passage of a wire through a tolerably uniform magnetic field is 
required to explain observed facts. That elevation of one place above another will 
give permanent difference of potential between the two, the amount varying 
according to circumstances, but observed to be at least 0*2 volt per 2,000 feet. 
That the current between two stations in laud will change its direction an hour or 
two earlier than that between the westerly of those stations and a coast station 
west. That a general rainfall will diminish potential. That two places situated 
on the same line of telegraph, in the same latitude, may have with regard to another 
station east or west, the one a higher, the other a lower potential than the latter^ 
giving rise in the same wire cut at an intermediate point, in the one case to a current 
.east to west, and in the other case to a current west to east. 

All these facts show that the currents usually observed are not created by the 
earth^s magnetic force. Doubtless, in temperate regions, such large difierences of 
potential are not experienced as in the tropics, and other causes may contribute to 
render the currents more variable. But it is in these, where the suffs rays are so 
much more powerful, and where irregular meteorological phenomena do not occur, 
that observers have the advantage day hy day of witnessing difference of teiTestrial 
potential in a more intense degj*ee, and with such regularly recurrent changes as to 
leave no doubt on the mind as to their origin. It is difficult to frame a theory 
that can meet all observed phenonema, especially in the case of the currents 
observed in submarine cables which, it is largely agreed, reverse their dix^ection 
with the change of tidel^ It is thought, however, that if the relative differences of 
temperature and humidity at the terminal stations had been always noticed, the 
same conclusion would ]ime been reached which is forced upon the observer in a 
tropical country, viz., that the difference of potential is simply due to the rapidity 
with which evaporation is tiaking place at different places. Evaporation leaves a 
positive charge on the earth’s surface 5 should this charge at A be of greater tension 
than at B, and these two places he put into connection by a wire, there will be a 
tendency to equalise the two charges, and a resultant current from A to B, which 
will he sustained as long as evaporation is proceeding more rapidly at A than at B. 
Such electric charges would produce no currents in the crust of the earth, and it is 
yet to he proved that such exist. According to this theory the gi*eatest difference 
of potential would be obtained bet^veen two places far apart on the earths’ surface^ 
where at one place the hurningrays dP the sun were falling, say on the shore of some 
intertropical sea, and where at the other the still humid night vras in the ascendant. 
So fax as a judgment is able to be formed by the comparatively limited area— 
900 miles—observed by the author, it appears that this is borne out:—900 miles 
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from Madras on tlie Bay of Bengal to Bombay on the Arabian Sea will give an 
avera«-e maxium difference on qtiiet days of 7 volts; between Bellary and Belgaum, 
two inland stations east and west, 200 miles, an average of 2 or 2|- volts; between 
Belgaum and Vingurla, a station inland and one on the sea coast, seventy miles, an 
averao'e of 2-^ volts. Perhaps 100 or 160 volts might be expected as the maxium 
obtainable at the widest limits on the earth’s surface on quiet days. Tt has not 
always been possible to measure the potential diflerence occurring in so-called 
mametic storms,’ but 30 volts per 200 miles is not uncommon, 

As recent years have taught with what minute currents speech anti telegraphic 
svmhols can be transmitted over long distances, the author suggests that the 
time may be coming when these earth currents shall be made of sendee for such 
purposes, and telegraphy shall in general benefit. 

It is found on disturbed days that actual reversals of the earth’s currents take 
place in a few minutes; but that, certainly within a range of 900 miles, these 
reversals all agree on different lines; that is, all places east are positive or negative, 
at the same time, and places west of the opposite sign simultaneously; a large area 
is affected at the same time and in the same way. Great throbs are felt, which 
increase or decrease the currents in all lines together like the beating of the pulses 

^Se^no-^that during the passage of sunspots, the obscured portion of the earth’s 
surface i^ said to cease to receive heat, it may be conjectured that there will he 
consequent inequalities in the normal causes of difference of potential, sufficient to 
account for the strong currents, so inimical to telegraphy. Such phenomena need 
not discountenance the theory above set forth. 


16. Descn;pUon of a Cylindrical Slide Bide or Oalcidating Apparakis^ 

By Edwin Thachbb. 

This apparatus consists of twenty separate bars united in a frame wllich is 
movable about a cylinder. The bars present in sections printed logarithmic scales 
of sixty feet, and of thirty feet radii. These bars read into the* cylinder upon 
which are printed two logarithmic scales of thirty feet radius each. In this appar¬ 
atus the bars form slides and are worked similarly to the ordinary slide rule, the 
open divisions of the scales giving five places of figures instead of two as in the 
ordinary rules. This rule performs with facility the solution of any (jueation in 
multiplication, division, and proportion of numbers, either simple or fractional, with 
or without powers and roots. 


17 On the Inconveniences of iJie present Mode of quoting Scientific Jourmls. 

Bij Dr. H. Bouns, F.ti.S. 

The author called attention to the inconveniences arising from the injudiciotiH 
\and arbitrary modes of quoting in use, and suggested that:—1. Every Journal 
should bear its abridged title by which it is to be quoted on the title page, in a 
prominent position, 2. That ail quotations should use, if necessary, the full title, 
or those abridged titles with place, year, volume and page. 


18. An Account of uyiusual coloured Bom ohsewed in Fogs. 

By Philip Burton, 

It is well known that a luminous bow is sometimes formed in fogs by tbe 
refraction and reflection of light in the particles of which they are composed. This 
appearance, though sometimes nearly equal in size to the rainbow, is often perceptibly 
sS-ler? and it differs from the latter also in not exhibiting any coloured rings, tbe 
v^ous colours being blended into a uniform whitish arch. 

Besides the ordinary fog-bow which can frequently be ben, a fainter or super- 
mimeratj one may also be observed on rare occasions. This bow is smaller than 



TRANSACTIONS OF SECTION A, 


657 


tlie primary and separated from it by a space of about three degrees. It consists of 
a ring of green succeeded on the inside by a ring of red light, each being about half 
a degree in breadth and concentric with the principal bow. Phenomena of this 
kind came under my notice on the mornings of the 22iid and 23rd September, 1862, 
and l4th July, 1876, in the neighhourliood of Kanturk, in the county of Cork. On 
some of these occasions I remarked that the outer verge of the green ring was 
better defined than the inner verge of the red one. The latter was sometimes 
irregular, owing apparently to the presence of small needles or lines of grey or 
whitish light crossing the arc. The appearances in each instance were visible for 
nearly an hour. 

Having some time ago searched through various scientific periodicals up to the 
year 1880^ I found therein only two instances in which corresponding phenomena 
had been recorded, one of which is in the description of a lunar foghow seen oft* 
the coast of California, in 1800, by Lieut. J. M. Gillis, of the American Navy; in 
this no colours were observed (^American Journal of Science,’ vol. xxx. p. 305). 
The other description referred to is contained in Col. Sykes’ paper *On the 
Atmospheric Tides and Meteorology of the Deccan,’ where he says: ^ Under a com¬ 
bination of favourable circumstances, it (the circular rainbow) appeared quite perfect 
of the most vivid colours, one half above the level on which I stood, the other half 
below it. * * * The brilliant circle was accompanied by the usual outer bow 
in fainter colours ’ (' Philosophical Transactions for 1836/ p. 1^3). In this instance 
it appears possible that the inner how which he describes as a brilliant circle” 
was exceeded in brilliancy by the outer bow, notwithstanding the statement that 
the latter appeared in fainter colours j” for this may have reference to the mixture 
and consequent indistinctness of the colours, and not to the intensity of the light. 
Bearing in mind this acceptation, and leaving out the central figures, Col. Sykes’ 
description of the phenomena would seem to agree with that which I have above 
given. 

As to the cause of the additional rings, it would seem reasonable to regard them 
as analogous to the ‘ interference bows,’ which so frequently appear in showers of 
rain, were it not that on such a supposition (according to received principles) the 
red colour ought to be the first to re-appear after evanescence, and should therefore 
be outermost. How the green comes to have that place instead, or why the colours 
appear separately in'the additional how though blended together in the primary 
and more brilliant one, is more than I have been able to determine. 


19. On the Temperatw’e of the Interior of a Bloch of belting Ice. 

By James B. Pbancis. 

The paper by Professor James D. Forbes in tbe Proceedings of the Boyal 
Society of Edinbuigh for April 19,1868, contains the following description of an 
experiment by^ him: 

^ Water being carefully frozen into a cylmder several inches long, with the bulb 
of thermometer in its axis, and the cylinder being then gradually thawed, or 
allowed to lie for a considerable time in pounded ice at a thawing temperature, 
showed also a temperature decidedly inferior to 32®, not less, I think, than 0*35® 
Fahrenheit.’ 

In this experiment it appears that the formation of ice on the bulb of the ther¬ 
mometer may have acted upon it mechanically and affected the accuracy of the 
results. To avoid error from this cause I procured a block of clear ice from 
Merrimack Eiver, and cut it to fit loosely into a cask, the dimensions of the block 
when fitted being seventeen inches in diameter and sixteen linches high, the dia¬ 
meter of the block of ice being about two inches less than that of the cask. The 
space not occupied by the ice was fiOfied with water from the same river, allowing 
the ice to fioat. A hole, one and three-fourths inches in diameter, and ten inches 
deep, was bored in the axis of the block, and a cover of ice closely fitted to it. 

Two thermometers, No. 1 and No. 2, of similar form, by Seifort of Boston, 
were used# They had two bulbs with stems, about 3*26 inches long between them, 
graduated from 29® to 35® Fahrenheit; the length of a degree in No. 1 being 0'405 
1884. CJ V 
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inches, and in No. 0*600 inches; the gi-aduation in holh beinf>* to tenths of a 
degree. They were tested by immersing them in a wooden vessel iilled with snow 
and water, placed in a room in which the temperature vn-ri<d from 64'^ to 67®. Jly 
the means of several trials the corrections for tlie melting point of ice were found 
to be, for Ko. 1, 0*87° and for No. 2, 0*83° No. 2 was found broken Fthnuiry 17, 
1S71, which brought the experiments to an end. Thirteen years aflt'rwiU'ds No. 1 
was tested again in a similar manner, and the correction was found to be 1*02°, the 
change being 0*15°. One of these thermometers was placed in the hole in the 
block of ice, and the other in the water in which it floated, and to elimiiude errors 
from imperfect corrections they were interchanged from time to time. 

The results of these experiments are given in the followiiig table. To vary 
the conditions, the hole in the Mock of ice was flllecl witli diflerent substances as 
stated in the table. It was supposed that the substance that Avould oimble th(‘ 
temperature of the ice to be ascertained with the greatest precision was benzine. 
The mean of the two results in this condition wlien thormometer No. 1 was in th(‘ 
interior of tlie ice, and No. 2 in the water in which the ice floated, gave the tem¬ 
perature of the interior of the ice 0*188° below that of the water in which it floated ; 
and the mean of the two trials, ‘when No. 2 was in the ice and No. 1 in the water, 
gave the temperature of the interior of the ice, 0*260°^below that of the water in 
which the ice floated. The moan of the four trials in which benzine was used 
giving the temperature Of the inlerior of the ice was 0*227° below that, of the water 
in which it floated. 

Tho mean of the two results in which air occupied the interior of the ice, the 
thermometers being interchanged, gave the temperature of the ice 0*073° below 
that of the water in which it floated. 

In the single result in which the hole was filled with water, the readings gave 
the temperature of the interior 0*017° below that of the water in which the ice 
floated. 

The mean result of all the trials gives the temperature of the interior of tlu‘ 
block of ice 0*153° below that of the water in which it floated; tho iiTOgularities 
in the results of the several trials are however too great to permit tlie adoption of 
this mean as the exact diiference. Every trial, how'ever, gave a less difference 
than was found by Forbes, and I t-lrink it is safe to say that as a result of thesis 
experiments, the temperature of the interior of a block of fresh water it^e floating 
in fresh water, thot.em])ei*ature of the air being between 30*5° and 40*0° Fahroiiboit., 
is about one-iiftli of a degree below tbirty-two degrees, or the molting point of ice. 




No, of the 

No. of 
olwerva- 
tiouM of 
the 'Hon- 

Mean Tcmpomtnro 

Time when tho 
observations were um<lc, 
I'’obruury 1871 

Omdition 
in tho 
hole in the 
ice 

thcr- 
moMi(‘lC'r 
in the 
interior 

in de^^rt 

orth<‘air 
in the 

es h uhr. j 

of the 
interior 



of the ice 

pomtiiro 

room 

of the iec 

flth, 10.10 A.M. to 2.40 P.M. . . 

Air . . 

2 

2 

.38-H3 

31*87B 

9th, fi.O P.M. to 10th 8.40 A.JH. . 

Benzine . 

9 

2 


31*755 

11th, 3.26 p.w. 

Benzine . 

1 

1 

37*<)() 

31*690 

llth, '4'.46 P.M. to’ 18th 4.10 P.M. 

Benzine. 

2 

4 

I 35*45 

31*713 

15tb, 6.26 P.M. .. 

Air . . 

1 

1 

34*00 

31*080 

XSth, 3.5 A.M. to 10.15 A.M. . . 

: Water . 

1 

ll 

38’8B 

31*983 

15th, 11.21 AM. to 4.40 P.M. . . 

Benzine . 

1’ 

5 . , 

42*44 

31*934 


Means 

. . . 

• • • 

37-87 

, 31*847 


During the above experiments, tho block of ico became reduced by thawing from 
its original diameter of seventeen inches to about fourteen inches. 
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Section B.—CHEMICAL SCIENCE. 

Peesitent op the Section— 

Professor Sir H. E. PoscoE, PIi.B., LL.B., E.P.S., E.O.S. 


THURSDAY, AUGUST 38. 

The President delivered the following Address:— 

With the death of Berzelius in 1848 ended a well-marked epoch in the history of 
our science; with that of Dumas—and, alas! that of Wiirtz also—in 1884 closes a 
second. It may not perhaps he unprofitable on the present occasion to glance at 
some few points in the general progress which chemistry has made during this 
period, and thus to contrast the position of the science in the ^ sturm und drang ’ 
year of 1848, with that in the present, perhaps, quieter period. 

The differences between what may properly be termed the Berzelian era and 
that with which the name of Dumas wiU for ever be associated show themselves 
in many ways, but in none more markedly than by the distinct views entertained 
.as to the nature of a chemical compound. 

According to the older notions, the properties of compounds are essentially 
.•governed by the qualitative nature of their constituent atoms, which were supposed 
to be so arranged as to form a binary system. Under the new ideas, on the other 
hand, it is mainly the number and arrangement of the atoms within the molecule, 
which regulate the characteristics of the compound, which is to be looked on not 
;as built up of two constituent groups of atoms, but as forming one group. 

Amongst those who successfully worked to secure this important change of view 
*on a fundamental question of chemical theory, the name of Dumas himself must 
first be mentioned, and, following upon him, the great chemical twin-brethreji 
Laurent and Gerhardt, who, using both the arguments of test-tube and of pen in 
opposition to the prevailing views, gradually succeeded, though scarcely during the 
lifetime cf the first, in convincing chemists that the condition of things could 
hardly lie a healthy one when chemistry was truly defined ^ as the science of bodies 
which do not exist.’ Eor Berzelius, adhering to his preconceived notions, had been 
forced by the pressure of new discovery into the adoption of formulee which gra¬ 
dually became more and more complicated, and led to more and more doubtful 
hypotheses, until his followers at last could barely succeed in building up the 
original radical from its numerous supposed component parts. Such a state of 
things naturally brought about its own cure, and the unitaiy formula of Gerhardt 
began to be generally adopted. 

It was not, however, merely as an expression of the nature of the single chemi¬ 
cal compound that this change was beneficial, but, more particularly, because it laid 
open the general analogies of similarly constituted compounds, and placed fact as 
the touchstone by which the constitution of these alfied bodies should be ascer¬ 
tained. Indeed, Gerhardt, in 1852, gave evidence of the truth of this in Ms 
well-lmown theory of types, according to which, organic compounds of ascer¬ 
tained constitution can be arranged under the four types of hjdrogeu, hydrochloric 
*acid, water, and ammonia, and of which it is, perhaps, not too much to say that 
it has, more than any other of its time, contributed to the clearer understanding of 
the relations existing amongst chemical compounds. 

/ Another striking difference of view between the chemistry of the Berzelian era 
?lind thatof what we sometimes term the modern epoch is illustrated by the so- 

u u 2 
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called substitution theory. Dumas, to wliom we owe this theory, showed t!mt 
chlorine can take tlio i)lac6 of hydrogen in many compounds, and that the resulting^ 
body possesses characters similar to the original. Berzelius opposed this view, in¬ 
sisting that the essential differences between these two elements rendered the idea, 
of a substitution im-passible, and notwithstanding the powerful advocacy of Liebig, 
and the discovery by Melsens of reverse substitutions (that is tlie rc-formation of 
the original compound from its substitution-product), Berxolius remained to the 
end unconvnnccd, and that which was in reality a conlirmation of his own theory 
of compound radicals, which, as Liebig says, ‘ illumined many a dark chapter in 
organic chemistry,^ was looked upon by him as an error of the deepest dye. This 
inahility of many minds to see in the discoveries of others confirmation of their 
own views is not uncommon; thus Dalton, we may remember, could never bring 
bimself to admit the truth of Gay-Lussac’s laws of gaseous volume-comhination,. 
although, as Berzelius very truly sajs, if w'e write atom for volume and consider 
xhe substance in tlie solid state in place of tbe state of gas, the discovery of 
Gay-Lussac is seen to be one of the most powerful arguments in favour of 
Dalton’s hypothesis. 

But there is another change of view, dating from the commencement of the Dumas 
epoch, which has exerted an influence equal, if not superior, to those already named 
on the progress of our science. The relative weights of the ultimate particles, to 
use Dalton’s own words, which up to this time had been generally adopted by 
chemists, were the equivalent weights of Dalton and Wollaston, re])resenting, i'u 
the case of oxygen and hydrogen, the proportions in which these elements com¬ 
bine, viz., as 8 to ]. The great Swedish chemist at this time stood almost alone 
in supporting another hypothesis; for, founding bis argument on the simple laws of 
volume-eorabination enunciated by Gay-Lussac, he asserted that the tnie atomic 
weights are to be represented by the relations existing between’ equal volumes of 
the two gases, viz,, as 16 to 1. Still these views found no favour in tho eyes / 
chemists until Gerhardt, in 1843, proposed to double the equivalent weights vi 
oxygen, sulphur,^ and carbon, and then the opoposition which this suggestion n-i t 
with w-as moat intense, Berzelius himself not even deigning to mention it in cis 
annual account of the progress of the science, thus proving the truth of liis mvn 
words; ^ That to bold an opinion habitually often leads to such an absolute 
viotion of its truth that its weak points are unregarded, and all proofs agavJXit 
ignored.’ Nor were these views generally adopted by chemists until 
in 1858, placed the whole subject on its present firm basis by clearly distinguish'^ig 
between e<|aivalent and molecular weights, showing how the atomic weights oflhe 
constituent elements are derived from the molecular weights of their volatile com¬ 
pounds based upon the law of Avogadro and Ampere, or where, as m the caso 
with many metals, no compounds of known vapour-density exist, how tbo same 
result may be ascertained by tho help of the specific fieat of the (deimuit it^rndf. 
Bemarkable as it may appear, it is nevertheless true that it is in tho country ot 
their birth that Gerhardt’s atomic weights and tho consoquont atomic nmnenchiture 
have met with most opposition, so much so that within a year or two of tho prewnt 
time there was not a single course of lectures delivered in Paris in which these 
were used. 

The theory of organic radicals, developed by Ijiebig so long ago as 1834,. 
received nuruerous experimental confirmations in succeeding years. Bunsen’s 
classical research on cacodyl, proving the possibility of tho existence of metallo- 
organic radicals capable of playing the part of a metal, and the isolation of the 
hydrocarbon ethyl by Frankland in 1849, laid what tho supporters of the theory 
deemed the final stone in the structure. 

The fusion of the radical and type theories, chiefly effected by tho discovery in 
1849 of the compound ammonias by Wurtz, bringf^ us to the dawn of modern 
chemistry. Henceforward organic compounds were to be capable of compari*- 
son v^ith simple inorganic bodies, and hydrogen not only capable of replacement 

chlorine, or by a metal, but by an organic group or radical. 

' To,this period my memory takes me back. Liebig at Giessen, Wohler in Got-* 
tingeh, Bunsen in Marbirrg, Dumas, Wurtz, and Lauront and Gerhardt in Paris, were 
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tile ^ictive spirits in continental chemistry. In our own country, Graham, whose 
memorable researches on the phosphates had enabled Liebig to found his theory of 
polyhasic acids, was working and lecturing at University College, London; and 
Williamson, imbued with the new doctrines and views of the twin French chemists, 
had just been appointed to the chair of practical chemistry in the same college, 
vacant by the death of poor Fownes. At the same time, Hofmann, in whom 
Liebig found a sphit as enthusiastic in the cause of scientific progress as his own, 
bringing to England a good share of the Giessen fire, founded the most successful 
school of chemistry which this country has yet seen. 

At ilia Edinburgh meeting of this Association in 1850, Williamson read a 
paper on ^ Hesiilts of a Research on Etherification,’ which included not only a 
satisfactory solution of an interesting and hitherto unexplained problem, but was 
destined to exert a most important influence on the development of our theoretical 
views. For he proved, contrary to the then prevailing ideas, that ether contains 
twice as much carbon as alcohol, and that it is not formed from the latter by a 
mere separation of the elements of water, but by an exchange of hydrogen for 
othyl, and this fact being in accordance with Avogadro’s law of molecular volumes, 
could only be represented by regarding the molecule of water as containing two 
satoms of hydrogen to one of oxygen, one of the former being replaced by one of 
ethyl to form alcohol, and the two of hydrogen by two of ethyl to form ether. 
Then Williamson introduced the type of water (subsequently adopted by Gerhardt) 
into organic chemistry, and extended our views of the analogies between alcohols 
nnd acids, by pointing out that these latter are also referable to the water-type, 
predicting that bodies hearing the same relations to the ordinary acids as the ethers 
do to the! alcohols must exist, a prediction shortly afterwards (1852) verified by 
Urerliardt’s discovery of the anhydrides. Other results followed in rapid succession, 
.all tending to knit together the framework of modern theoretical chemistry. Of 
these the most important was the adoption of condensed types, of compounds 
constructed on the type of two and three molecules of water, with which the 
names of Williamson and Odling are connected, culminating in the researches 
of Brodie on the higher alcohols, of Berthelot on glycerine, and of Wurtz on the 
^dibasic alcohols or glycols; whilst, in another direction, the researches of Hofmann 
-on the compound amines and amides opened out an entirely new field, showing 
that either a part or the whole of the hydrogen in ammonia can be replaced by 
‘Other elements or elementary groups without the type losing its characteristic 
properties. 

Again, in 1852, we note the first germs of a theory which was destined to play 
an all-important part in the progress of the science, viz., the doctrine of valency or 
atomicity, and to Frankland it is that we owe this new departure. Singularly 
♦enough, whilst considering the symmetry of construction visible amongst the inor¬ 
ganic compounds of nitrogen, phosphorus, arsenic, and antimony, and whilst putting 
forward the fact that the combining power of the attracting element is always 
satisfied by the same number of atoms, he does not point out the characteristic 
tetrad na.ture of carbon; and it was not until 3 858 that Couper initiated, and 
Kekula, in the same year, thoroughly established the doctrine of the linking of the 
tetrad carbon atoms, a doctrine to which, more than to any other, is due the extra¬ 
ordinary progress which organic chemistry has made during the last twenty years, 
a progress so vast, that it is already found impossible for one individual, even 
though he devote his whole time and eneigies to the task, to master all the details, 
♦or make himself at home with the increasing mass of new facta which the busy 
workers in this field are daily bringing forth. 

The subject of the valencyof the elements is one which, since the year above 
.referx'ed to, has given chemists much food for discussion, as well as opportunity for 
^experimental work. But whether we range ourselves with Kekul^, who supports 
the unalterable character of the valency of each element, or with Ikankland, who 
insists on its variability, it is now clear to most chemists that the hard and fastlin^ 
4ipon which this theory was supposed to stand cannot be held to be secure. For if 
the progress of investigation has shown that it is impossible in many instances to 
aJfix om valency to an element which forms a large number of different compounds, 
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it is also equally impossible to look on tlie opposite view as tending towards progress^ 
iiiasmucb as to ascribe to an element as many valencies as it possesses compounds 
with some other element., is only expressing by circuitous^tnothods what, the old 
Daltonian law of combination in multiple proportions states in simple terms. Si ill 
wo may note certain generally-accepted conclusions: in the first place, that of the 
exist.ence of non-satnrated compounds both inorganic and organic, as cavbon-irion- 
oxide on the one hand, and malic and citraconie acids on tho other. Secondly, 
that the valency of an element is not only dependent upon the nature of the element 
with which it combines, but that this valency is a periodic function of tho alojnic 
weight of the other component. Thus the elements of the chlorine group are alway.s 
monads when combined with positive elements or radicals, but triad, pentad, ami 
heptad with negative ones. Again, the elements of the sulphur group are dyads in 
the first case, but tetrad and hexad in the second. The periodicity of this property 
of the atoms, increasing and again diminishing, is clearly seen in such a series as 

Ag01„ OdCl,, In01„ SnOlj, SbIL, TelL,!!!, 

as well as in the series of oxides. The difficulties which beset this subject may ho 
judged of by the mention of a case or two: Is vanadium a tetrad because its highti.'-t 
chloride contains four atoms of chlorine ? What are we to say is the valency of 
lead when one atom unites with four methyls to form a volatile product, and yet. 
the vapour-density of the chloride shows that, the molecule contains one of metal to 
two of chlorine ? Or, how can our method be said to determine the valency of 
tungsten w'hen the hexchloride decomposes in the state of vapour, and tho peuta- 
chloride is the highest volatile stable compound? How agam arc we to define 
the point at which a body is volatile without decomposition ?—thus sulphur tetra** 
chloride, one of the most unstable of compounds, can be vaporised withotit decompo*- 
sition at all temperatures below —22°, whilst water, one of the most stable of known 
compounds, is dissociated into its elements at the temperature of melting platinum, 
Dut, however many doubts may have been raised in special instances against a 
thorough application bf the law of valency, it cannot be denied that the general 
relations of the elements which this question of valency has been the means 
bringing to light are of the highest importance, and point to the existence of lawe 
of nature of the widest significance j I allude to the periodic law of the elements 
first foreshadowed by Newlands, but fully developed by Mendelejeff and Lothar^ 
Meyer, Guided by the principle that the chemical properties of the elements aro 
a periodic function of their atomic weights, or that matter becomes endowed with 
analogous properties when tlio atomic weight of an element is incrtaiscd hy tho 
same or nearly the same number, we find ourselves for the first time m po,yse8sxon 
of a key which enables tts to arrange the hitherto disjecta membra of our chemical 
"household in something like order, and thus gives us means of indicatitig tho 
family resemblances by which these elomenta are characterised. 

^ And here we may congratulate ourselves on tho fact that, by tho recent ox])eri- 
■ments of Brauner, and of Nilaon and Pettersen respectively, t.ollurium and btsryl- 
Hum, two of the hitherto outstanding members, have been induced to join the 
ranks, so that at. the present time osmium is the only important defaul(.er amongst 
•the sixty-four elements, and few persons will doxibt that a little careful attention to 
. this case will remove the stigma which yet attaches to its name. But this periodic 
law makes it possible for us to do more; for as the astronoxnor, by the perturbalione 
of known planets, can predict the o.xist«ice of hitherto tmlmown ones, so tho 
chemist, though, of counsc, with mucli less satisfactory means, has betm able to ])redict 
with precision the ]>roperties, physical and chemical, of certain missing links 
amongst the elements, such as elcaluminium and ekaboron, then unborn, but which 
shox-tlj afterwards became well koo>vn to us in tlie flesh as gallium and scandium. 
We must, however, take car's that success in a few coses does not blind us to tl»v 
that the law of nature which expresses the relation betwom ihe properties ol' 
and the value of tho atomic weights is as yet ttnkn 0 wn; that many 
of the groupingB^are not due to any well^ascertained analogy of properties of im 
elSBsmtSjfieM that It is only because the values of their atomic weighis exhibit 
»certsdn regularitifta that sfich a groitping is rendered possible* So, to quote I.«athair 
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Mejer^ we shall do well in this, as indeed in all similar cases in science, to remem¬ 
ber the danger pointed out in Bacon’s aphorism, that ^ The mind delights in spring¬ 
ing up to the most general axioms, that it may find rest, but after a short stay here 
it disdains experience,’ and to hear in mind that it is only the lawful union of 
hypothesis with experiment which will prove a fruitful one in the establishment of 
a s;ystematic inorganic chemistry which need not fear comparison with the order 
which reigns in the organic branch of our science. And here it is well to be 
reminded that complexity of constitution is not the sole prerogative of the carbon 
compounds, and that before this systematisation of inorganic chemistry can be 
effected we shall have to come to terms with many compounds concerning whose 
constitution we are at present wholly in ignorance. As instances of such I would 
refer to the finely crystalline phospho-molybdates, containing several hundred atoms 
in the molecule, lately prepared by Wolcott Gibbs. 

Arising out of Kekule’s theory of the tetrad nature of the carbon atom, came 
the questions which have caused much debate among chemists: (1) Are the four 
combimiig units of the carbon atom of equal value or not ? and (2) Is the assump¬ 
tion of a dyad carbon atom in the so-called non-saiurated compounds justifiable 
or not ? The answer to the first of these, a favourite view of Kolbe’s, is given 
in the now well-ascertained laws of isomerism; and from the year 1862, when 
Schorlemmer proved the identity of the hydrides of the alcohol radicals with the so- 
called radicals themselves, this question may be said to be set at rest; for Lessen 
himself admits that the existence of his singular isomeric hydroxylamine deri¬ 
vatives can be explained otherwise than by the assumption of a difierencc between 
each of the combining units of nitrogen, and the differences supposed by Schreiner 
to hold good between the methylethyl carbonic ethers have been showm to have 
no existence in fact. With respect to the second point the reply is no less definite, 
and is recorded in the fact, amongst others, that ethylene chlorhydrin yields on 
oxidation chloracetic acid, a reaction which cannot be explained on the hypothesis 
of the existence in ethylene of a dyad carbon atom. 

Passing from this subject, we arrive, by a process of natural selection, at more 
conaplicated cases of chemical orientation—^that is, given certain compounds which 
possess the same composition and molecular formulas but varying properties, to 
find the difference in molecular structm’e by which such variation of properties is 
.determined. Problems of this nature can now be satisfactorily solved, the number 
of,possible isomers foretold, and this prediction confirmed by experiment. The 
general method adopted in such an experimental inquiry into the molecular 
arrangement or chemical constitution of a given compound is either to build up the 
structure from less complicated ones of known constitution, or to resolve it. into 
such component parts. Thus, for example, if we wish to discriminate between 
several isomeric alcohols, distinguishing the ordinary or primary class from the 
secondary or tertiary class, the exisience of which was predicted by Kolbe in 
1862, and of which the first member was prepared by Friedel in 1864, ’we have 
to* study their products of oxidation. If one yields an acid having the same 
number of carbon atoms as the alcohol, it belongs to the first class and possesses 
a definite molecular structure; if it splits up into two distinct carbon conipounds, 
it is a secondary alcohol; and if three carbon compouiids result from its oxida¬ 
tion, it must be classed in the third category, and to it belongs a definite molecular 
Biructure, diffeimt from that of the other two. 

In a similar way orientation in the much more complicated aromatic hydro¬ 
carbons can be effected. This class of bodies forms the nucleus of an enormous 
number of carbon compounds which, both from a theoretical and a practical point 
of view, are of the highest interest. For these bodies exhibit characters and 
possess a constitution totally different .&om those of the so-called fai<ty substances, 
the carbons atoms being linked together more intimately than, is tlie case in the 
latter-named, ^oup of bodies. Amongst Ihem are found all the artificial coloring 
matters, and some of the most valuable pHarm^ceuticgl and thei^apeutkal agents. 

The difioovegy of the aniline colours by Perkin, their elaboration by pCofmann, 

syxithesis. of alkarin by, Graebehnd Liebermanh, being the first vegetable 
matter which has been artxfl,cialiy obtained, the artificial produeiion of 
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iiidig’O Tbj Baeyer, and lastly tlie preparation by Fisclier, of Icairiiio, a as 

potent as quinine, are some of tlie well-lmown recent IriumpLs of modern syntheti¬ 
cal cliomistry. And tlieso trhixnplis, let ns remember, liaT(^, not been obtained by 
any sncli ^ random liapbaxardiiig^ as yielded restilts in Priestley’s lime. Lii lie* 
virgin soil of a century ago, tbo ground only required to })c scratebed and sieed 
thrown in to yield a fruitful crop; now the surface soil has long been erl inns ted, 
and the successful cultivator can only obtain results by a deep and thotonigh 
preparation, and by a systematic and scientific treatment of his material.^ 

In no department of our science has the progress made lieen more important, 
than in that concerned with the accurate determination of the numerical, pliysical, 
and chemical constants upon the exactitude of which every quantitative ckemcal 
operation depends. For the foundation of an accurate knowledge of the of 
these constants, viz., the atomic weights of the elements, science is indebted to the 
indefatigable labours of Berzelius. But 4xumanum cst erraro,’ and oTen Berxeliiis’ 
accurate hand and delicate conscientiousness did not preserve him from mistalces, 
since corrected by other workers. In such determinations it is ditlicult if not im¬ 
possible always to ascertain the limits of error attaching to the number. The 
errors may bo due in the first place to manipulative faults, in the second to iiiaccnracy 
of the met hods, or lastly to mistaken views as to the composition of the material 
operated upon; and hence tlie uniformity of any series of similar detenninations 
gives no guarantee of tlieir truth, the only safe guide being the agTeonieiili of 
determinations made by altogether ditrerent method.s. The worlc conimonccd by 
Berzelius lias been worthily continued by many chemists. Stas and liarigmac, 
bringing work of an almost astronomical accuracy into our science, hav<‘ ascortnined 
the atomic weights of silver and iodine to within one lnnidred-thou.sandtli of llieir 
value, whilst the nximbers for chlorine, bromine, potassium, sodium, nitrogen, ail- 
phur, and oxygen may now be considered correct to within a unit in the fourth 
tigure. Few of the elements, however, boast numbers approaching tliis degree of 
accuracy, and many may even still be erroneous, from half to a whole unit; of 
hydrogen* And (as Lotliar Meyer says) until the greater number of the atomic 
weights are determined to within one or two tenths of the unit, wo cannot expect 
to be able to ascertain the laws which certainly govern these numbers, or to 
recognise the relations wliich undoubtedly exist between them and the general 
chemical and phy.sicul properties of the elements. Amongst the most interesting 
Tcceni additions to our knowledge made in this department we may note the 
classical exneriraents, in 1880, of X W. Mallet on aluminium, and in the ismno 
year of J* 1\ (Joolce on antimony, and those, in the present year, of Thorpe on 
titanium. 

Since the date of Berzelius* death to the present day no discovery in our 
science has been so lar-rea(ihing, or led to such unforeseen and remarklibh^ i^on- 
elusions, as the foundation of Spectrum Analysis by Bunsen and Kirchhofl' i ii IR(>0. 

Independently altogether of the knowledge which has been gained coneiM^ning 
the distribution*of the elementary bodies in terrestrial matter, and of tlio dis¬ 
covery of half-a-dozen new elements by its means, and putting asides for a moment 
the revelation of a chemistry not bounded by this world, but limitless ns the 
heavens, we find that over atwi above all these results spectrum analysis ofifefgs the 
means, not otherwise open to us, of obtaining knowledge concerning the atomic wd 
molecular condition of matter. 

Let me recall some of the more remarkable conclusions to which the roseamheB 
of Lockyer, Schuster, Liveing and Dewar, Wiillner and others in this direction 
have led* ^ In the first place it is well to bear in mind that a difference of a very 
marked kind, first distinctly pointed out by Alex. Mitscherlich, is to be obsened 
between the spectrum of an element and that of its compounds, the latter only 
being seen in cases in which the compound is not dissociated at temperatures nooes- 
sary to ^give rise to a glowing gas. Secondly, that these compound spoctm— 
as, for instance, those of the halogen compounds of the alkaline-earth metak— 
e^bit a certain family likeness, and show signs of systematic variation in 1he 
df the lines, corresponding to changes in the molecular weight of 1he 
Still this important subject of the relation of the spectra of 
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difFerent elements is far from "being placed on a satisfactory basis, and in spite of 
the researches of Lecoq de Boisbaudran, Ditte, Troost and Hautefenille, Ciamiciau 
and others, it cannot be said that as yet definite proof has been given in support 
of the theory that a causal connection is to be found between the emission 
spectra of the several elements belonging to allied groups and their atomic weights 
or other chemical or physical properties. In certain of the single elements, how¬ 
ever, the connection between the spectra and the molecular constitution can he 
traced. In the case of sulphur, for example, three distinct spectra are known. The 
first of these, a continuous one, is exhibited at temperatures below 500°, when, 
as we know from Dumas’ experiments, the density of tlie vapour is three times 
the normal, showing that at this temperature the mclecule consists of six atoms. 
The second spectrum is seen when the temperature is raised to above 1,000°, when, 
as Deville and Troost have sIiowd, the vapour reaches its normal density, and 
the molecule of sulphur, as with most other gases, contains two atoms, and this 
is a band spectrum, or one characterised by channelled spaces. Together with this 
band spectrum, and especially round the negative pole, a spectrum of bright lines 
is observed. This latter is doubtless due to the vibrations of the single atoms of the 
dissociated molecule, the existence of traces of a band spectrum demonstrating the 
fact that in some parts of the discharge the tension of dissociation is insufficient to 
prevent the reunion of the atoms to form the molecule. 

To this instance of the light thrown on molecular relations by changes in the 
spectra, others may be added. Thus the low-temperature spectrum of channelled 
spaces, mapped by Schuster and myself, in the case of potassium, corresponds to 
the molecide of two atoms and to the vapoui'-denaity of seveiity-niue, as observed 
by Dewar and Dittmar. Again, both oxygen and nitrogen exhibit two, if not 
three, distinct spectra: of these the line spectrum seen at the highest temperatures 
corresponds to the atom; the band spectrum seen at intermediate temperatures 
represents the molecule of two atoms; whilst that observed at a still lower point 
would, as in the case of siilpliur, indicate the existence of a more complicated 
molecule, known to us in one instance as ozone. 

That this explanation of tlie cause of these different spectra of an element is 
the true one, can be verified in a remarkable way. Contrary to the general rule 
^imongst those elements which can readily be volatilised, and with which, therefore, 
low-temperature spectra can be studied, mercury exhibits but one spectrum, and 
that one of bright lines, or, according to tlie preceding theory, a spectrum of atoms. 
^50 that, judging from spectroscopic evidence, we infer that* the atoms of mercury- 
do not unite to form a molecule, and we should predict that the vapour-density of 
mercury is only half its atomic weight. Such we know, from chemical evidence, is 
really the case*, the molecule of mex'cury being identical in weight with its atom. 

The oases of cadmium and iodine require further elucidation. The molecule of 
gaseous cadmium, like that of mercury, consists of one atom; probably, therefore, 
the cadmium spectrum is also distinguished by one set of lines. Again, the 
molecule of iodine at 1,200° separates, as we know from Yictor Meyers researches, 
into single atoms. Here spectrum analysis may coma again to our aid; but as 
Schuster remarks, in his report on the spectra of the nou-metalUc elements, a more 
■extensive series of experiments than those already made by Ciamiciau is required 
before any definite opinion as to the connection of the difeent iodine spectra with 
the molecular condition of the gas can be expressed, 

It is not to be wondered at that these relations are only exhibited in the case 
of a few elements. For most of the metals the vapour-density remains, and pro¬ 
bably will remain, an unknown quantity, and therefore the connection between any 
observed changes in the spectra and the molecular weights must also remain un¬ 
known. The remarkable changes which the emission spectrum of a single element— 
iron, for instance—exhibits have been the subject of much discussion, experimental 
and otherwise. Of these, the phenomenon of long and short lines is one of the 
most striking, and the explanation that the long lines are those of low temperature 
appears to meet the facts satisfactorily, although the effect of dilution, that is, a 
reduction of the quantity of material undergoing volatilisation, is, remarkably 
enough, the same as that of diminution of temperature. Thus it is possible, by the 



666 


EEroux— 1884. 


examination of a spectrum by Loclcyer’s method, to predict the changes whicu it 
will undergo, either on alteration of temperature, or by an increase or decrease (.)f 
quantity. There appears to be no theoretical ditliculty in assuming- that the relative 
intensity of the lines may vary when the temperature is altered, and tlie molecular 
theory of gases furnishes us with a plausible explanation of the corrcspi 
change when the relative quantities of the luminous elements in a mixtai|^i^ 
altered. Lockyer has proposed a diiferent explanation of the facts. Accordi^' 
him, every change of relative intensity means a corresponding change of 
complexity, and the lines which we see strong near the poles, would bear the 
relation to those which are visible throughout the field, as a line spectrum bears'^io 
a hand spectrum; but then almost every line must he due to a dilferent molecular 
grouping, a conclusion which is scarcely capable of being unheld without very 
cogent proof. _ ^ _ 

The examination of the absorption spectra of salts, saline and organic liquids, 
first by Gladstone, and afterwards by Bunsen, and by Russell, as well as by Hartley 
for the ultra-violet, and by Abney and Resting for the infra-red region, have led to 
interesting results in relation to molecular chemistry. Thus Hartley finds that in 
some of the more complicated aromatic compounds, definite absorption bands in the 
more refrangible region are only produced by substances in which three pairs of 
carbon atoms are doubly linked, as in tbe l3enzene ring, and thus the means of 
ascertaining this double linkage is given. The most remarkable results obtained 
by Abney and Resting show that the radical of an organic body is always repre¬ 
sented by certain well-marked absorption bands, clifiering, however, in position, 
according as it is linked with hydrogen, a halogen, or with carbon/ oxygen, or 
nitrogen. Indeed, these experimenters go so far as to say that it is highly pro¬ 
bable that by tbis delicate mode of analysis the hypothetical position of any hydro¬ 
gen which is replaced may be identified, thus pointing out a method of physical 
orientation of which, if confirmed by other observers, chemists will not be slow^ 
to avail themselves. This result, it is interesting to learn, has been rendered more 
than probable by the recent important researches of Perkin on the connection 
between the constitution and the optical properties of chemical compounds. 

One of the noteworthy features of chemical progress is the interest taken by 
physicists in fundamental questions of our science, We all remember, in tbe first 
place, Sir William Thomson’s intei'esting speculations, founded upon physical phe¬ 
nomena, respecting the probable size of tbe atom, viz., * that if a drop of water 
were magnified to the size of the earth, the constituent atoms would be larg<u- than 
small shot,^ but smaller than cricket balls.’ Again, Helmholtz in the Faraday 
lecture, delivered in 1881, discusses the relation of electricity and chemical euej-gy^ 
and points out that Raraday’s law of electrolysis, and the mo^dorji theory of valency^ 
are both expreSKsions of the fact , that when the same quantity of oloctneity passes 
.through an electrolyte, it always eitlior sets free, or transfers t.o other combina¬ 
tions, the same niunber of units of aflinity at both electrodes, Helmholtz fqrther 
argues, that if we accept tbe Baltnnian atomic hypothesis, wo cannot avoitl the 
conclusion that electricity, both positive and negative, is divided into eleinenl.ary 
portions vvlnch behave like atoms of electricity. He also shows that those ciiames 
,of atomic electricity are enormously large as compared, for exam])le, with the 
attraction of gravitation between the same atoms; in the case of oxygen, and 
bydi'ogen, 71,000 billion times larger. 

A further subject of interest to chemists is the theory of the vortex-ring con¬ 
stitution of matter thrown out by Sir William Thomson, and lately worked out 
from, a chemical point of view by J. J. Thomson, of Cambridge, fie. finds that 
if one such ring bo supposed to constitute the most simple form of matter, say the 
monad hydrogen atom, then two such rings must, on coming intp contact with 
nearly the same velocity, remain enchained together, constituting what wo Iqiow as 
the molecule of free hydrogen. So, in like manner, systems contaiuing, two, three, 
and four such rings constitute the dyad, triad, and tetrad atomSi. How far .this 
mathematical expression of chemical theory may prove.consistent,withtfact remains 
seen. 

> Another branch of our science which, has recently attracted, much experiment^ 
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attention is tliat of tliermo-cliemistry, a subject upon wbich in tine future the 
foundation of dynamical chemistry must rest, and one which already proclaims 
the truth of the great principle of the conservation of energy in all cases of 
chemical as well as of physical change. But here, although the materials hitherto- 
collected are of very considerable amount and value, the time has not yet arrived 
for expressing these results in general terms, and we must, therefore, be con¬ 
tent to note progress in special lines and wait for the expansion into wider areas. 
Eeference may, however, he properly made to one interesting observation of 
general significance. It is well known that, while, in most instances, the act 
of combination is accompanied by evolution of heat—that is, whilst the potential 
energy of most combining bodies is greater than that of most compounds—cases, 
occur in which the reverse of this is true, and heat is absorbed in combiimtion. 
In such cases the compound readily undergoes decomposition, frequently suddenly 
and with explosion. Acetylene and cyanogen seem to be exceptions lo this- 
rule, inasmuch as, whilst their component elements require to have energy added 
to them in order to enable them to combine, the compounds appear to be very 
stable bodies. Berthelot has explained this enigma by showing that, just as we 
may ignite a mass of dynamite without danger, whilst explosion takes place if we 
agitate the molecules by a detonator, so acetylene and cyanogen burn, as we 
know, quietly when ignited, but when their molecules are shaken by the detonation 
of even a minute quantity of fulminate, the constituents fiy ai>art"with explosive 
violence, carbon and hydrogen, or carbon and nitrogen being set free, and the 
quantity of heat absorbed in the act of combination being suddenly liberated. 

In conclusion, whilst far from proposing even to mention all the important 
steps by which our science has advanced since the year 1848,1 cannot refrain 
from refenung to two more. In the first place, to that discovery, more than fore¬ 
shadowed by Faraday, of the liquefaction of the so-called permanent gases by 
Pictet and OaiUetet; and secondly to that of the laws of dissociation as investi- 
|:jated by Beville. The former, including Andrews^s discovery of the critical point,, 
indicates a connection, long unseen, between the liquid and the gaseous states of 
matter; the latter has opened out entirely fresh fields for research, and has given us 
new views concerning the stability of chemical compounds of great importance 
and interest. - ^ , 

Turning for a moment to another topic, we feel that, although science knows 
no nationalities, it is impossible for those who, like ourselves,, exhibit strong 
national traits to avoid asMiig whether- we Anglo-Saxons hold our own* m 
compared with other nations, in the part we have played and are playing in 
the development of our science. With regard to the past, the names of Boyle, 
Cavendish, Priestley, Dalton, Black, Davy, are sufficient guarantees that the 
English have, to say the least, occupied a position second to none in the early 
annals of chemistry. How has it been in the era which I have attempted to- 
describe ? What is the present position of English chemistry, and what its look¬ 
out for the future ? In endeavoiuing to make this estimate I would take the 
widest ground, including not only the efforts made to extend the boundaries of om*' 
science by new discovery, both in the theoretical and applied branches, but 
also those which have the no less important aims of spreading the knowledge of 
the subject amongst the people, and of establishing industries dependent on chemi¬ 
cal principles by which the human race is benefited. Taking this wide view, I 
think we may, without hesitation, affirm that the progress which chemistry has 
made through the energies of the Anglo-Saxon race is not less than that made by 
any other nation. . ’ - > i . 

In so far as pure science is concerned I have already given evidence of the not 
inconsiderable part which English chemists have played in the progress since 1848. 
We must, however, acknowledge that the number of original chemical papers now 
published in our language is much smaller than that appearing in the. German 
tongue, and that the activity and devotion displayed in this direction by the head^. 
of German laboratories may well be laid to heart by some of us in England yet,, 
on the other hand, it must be remembered that the circumstances of different coim- 
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tries are so different that it is by no means clear that vre should follow the same 
lines. Indeed our national characteristics forbid ns to do so, and it^ may be that 
the bent of the Germanic lies in the assiduous collection of facts, whilst their suh- 
■se(|U6nt elaboration and connection is the natural work of our own race. 

As regards the i)ublication of so-called original work by students, and speak¬ 
ing now only for myself as the director of an Englislr chemical laboratory, I 
feel I am doing the best for the young men wlio, wishing to become either 
scientific or industrial chemists, are placed under my charge, in giving them as 
•sound and extensive a foundation in the theory and practice of chemical science as 
their time and abilities will allow, rather than forcing them prematurely into the 
•preparation of a new series of homologous compounds, or the investigation of some 
special reaction, or of some possible new colouring matter, tliougb such work 
might doubtless lead to publication. My aim has been to prepay a young man, 
•by a careful and fairly complete general training, to fill with intelligence and 
.success a post either as teacher or industrial chemist, rather than to turn out mere 
specialists who, placed under other conditions than those to which they have been 
accustomed, are unable to get out of the narrow' gi-oove in which they have been 
trained. And this seems a reasonable course, for 'whilst the market for the pure 
specialist, as the colour clieniist, for example, may easily he overstocked, the man 
-of all-round intelligence will always find opportunity for the exercise of his 
powers. Far, however, from underrating the educational advantages of working at 
original subjects, I consider this sort of training to Ije of the highest and best kind, 
but only useful when founded upon a sound and general basis. 

The difficulty which the English teacher of chemistry—and in this I may in¬ 
clude Canada and the United States—has to contend against is, that whilst in 
Germany the value of this high and thorough tniining is generally admitted, in 
England a belief in its efficacy is as yet not generally entertained. ‘ The English¬ 
man,’ to quote from the recent Beportof the I loyal Commission on Technical 
Instruction, ^ is accustomed to seek for an immediate return, and has yet to learn 
that an extended and systematic education, up to and including the methods of 
•original research, is now a necessary preliminary to the fullest development of 
‘industry, and it is to the gradual but sure growth of public opinion in this direc¬ 
tion that we must look for the means of securing to this country in the future, 
as in the past, the highest position as an industrial nation/ 

If, in the second place, we consider the influence wliich Englishmen have 
exerted on the teaching of our science, we shall feel reason for satisfaction; many 
•of our text-hooks are translated into every European language and largely used 
abroad; often to the exclusion of those written by continental chemists. 

Again, science te idling, both practical and theoretical, in our elementary and 
many secondary schools is certainly not inferior to that in schools of similar grade 
abroad, and the interest in and desire fur scientific training is rapidly spreading 
throughout our working population, and is even now as great as, if not greater than, 
-abroad. The universities and higher colleges are also moving to take their share of 
the work which has hitherto hem far less completely done in our country than on 
the continent of Europe, especially in Germany, where the liealthful spirit of com¬ 
petition, fostered by the numerous State-supported institutions, is much more 
common than with us, and, being of equal value in educational as in professional or 
commercial matters, has had its due effect. 

Turning lastly to the practical applications of our science, in what department 
does England not excel ? and in which has she not made the most important new 
departures ? Even in colour chemistry, concerning which we have neard, with 
truth, much of German supremacy, w© must remember that the industry is origin¬ 
ally an English one, as the names of Perkin and of Maule, Simpson and Nicholson 
testify; and if we have hitherto been beaten hollow in the development of this 
branch, signs are not wanting that this may not always be the case. But take any 
other branch of applied chemistry, the alkali trade, for instance, what names but 
English, with the two great exceptions of Leblanc and Solvay, do w© find in con- 
, .neetion with real discoveries]" In the application of chtoistry to metallurgical 
the names of Darhy, Oort, Neilson, and Bell in iron, of Bessemer 
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Thomas, Gilchrist, and Snelus in steel, of Elldngton and Matthey in the noble 
metals, show that in these branches the discoveries which have revolutionised 
processes have been made by Englishmen; whilst Young, the father of paraffin, 
Spence the alum maker, and Abel of gun-cotton fame are some amongst many of 
our countrymen whose names may be honourably mentioned as having founded 
new chemical industries. 

Hence, whilst there is much to stimulate us to action in the energy and 2eal 
shown by our continental brethren in the pursuit both of pure and applied chemistry, 
there is nothing to lead us to think that the chemistry of the English-speaking 
nations in the nest fifty years will he less worthy than that of the past half-cen¬ 
tury of standing side hy side with that of her friendly rivals elsewhere. 


The following Papers were read:— 

1. On Complex Inorganic Acids, By Professor Wolcott Gibbs. 

The author gave a rAsumd of his work on Complex Inorganic Acids, including 
many details not hitherto published. The work may he regarded as a series of 
generalisations of the class of silico-tungstates, discovered by Marignac in 1861, 
and of the analogous class of phospho-molybdates, the first systematic study of 
which is due to Deville, To form a proper basis for the investigation it waa 
necessary to make a preliminary thorough study of the tungstates and molybdates^ 
The author’s results taken in connection with the prior work of Marignac, Scheihler 
and XJllik, established the fact that there are two series only of tungstates and 
molybdates—the normal and the meta-series, the latter being best represented hy 
the compounds of tungsten; the former of those by molybdenum. Thus the 
lowest meta-tungstate has the formula 4WO3. IlgO considered as an acid, while 
the highest is represented by I6WO3 . THgO. The lowest normal molybdic acid 
has the formula MoOg» HgO; the highest the formula OMoOg. H^O, as shown hy 
Ullik. Scheibler discovered two distinct series of phospho-tungstates. The author 
j&nds that there are at least ten, the highest compound having the formula, as an 
acid, 24WO3 . PjjOg . fllgO, the lowest the formula GWOg. . 6HgO, and that 
the phospho-molybdates are at least equally numerous, aiid have a similar range-. 
Odd numbers of molecules of tungstic and molybdic oxides also occur, and there 
are reasons for doubting all the formulm of this class of compounds. Correspond¬ 
ing compounds containing arsenic pentoxide also exist, and a few of them had 
already been observed. To generalise these results still further, the author replaced 
phosphoric oxide by vanadic pentoxide and antimonic pentoxide, so as to form 
vanadio-tungstates and antimonio-tungstates and corresponding compounds of 
molybdenum. Many of these salts are very beautiful. He has also rendered it 
probable that the greater number of oxides of the type form similar com¬ 
pounds, the general formula for the group being: 

m . n . p E*oO. 

A second series of complex acids contains two oxides of the type so 

that we have various phospho-vanadio-tuugstates, and phospho-vanadio-molyb- 
dates, and it is at least probable that any two oxides of the type E’^gOg may enter 
into similar combinations, the general formula being ; 

m E^^Og. n E’gOg . p E^gOg • q E*gO. 

The generalisation of the first term, WOg or MoOg, in these series is also 
possible to a certain extent at least. Thus it appears that compounds exist in 
which fluorine and sulphur partially replace oxygen in WOg orMoOg. 

The author found that hypophosphorous and phosphorous acids unite in a similar 
manner with tungstic and* molybdic oxides. The relations of these two to the 
others will perhaps appear from the formulee: 

eWOg. 2{H,. PO . OII}2H^O and SMoOg . 2{H,. PO. OH}2(NH,)p4- 2 aq.,- 
and, in the case of the salts containing phosphorous acid, from the formuloe: 
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ISWO3.2(11. PO . (Oil),} 2imiXO + 8 aq. and 12MoO, . 2{IT . PO. (OH)^} 

SKjjO +12 aq* 

Tlie author found that various organic radicals so-called, as for instance the 
snethyl, ellyt, phenyl, Szo., dorivalivos of liypopliosphorous and phosphoi^ons acids, 
aippeaved to form similar complex acids, so tliat an immense field for farther 
research is at once opened. 

He in the next place studied the relations of tungstic and’ molybdic oxides to 
the various isomeric moditications of phosphoric acid. Pyro-phospho-tungstates 
and pyro-phospho-molybdates may perhaps exist, but the author could not at 
present speak positively upon this point, as the phosphoric oxide passed with great 
rapidity into the ortho-phospliorio acid. With respect to the various nieta- 
phosphoric acids, the case is difierent These enter freely into combination with 
tungstic and molybdic oxide to form new acids. Thus the formulce of a hoxa- 
ineta-phosplio tungstate analysed in SWOj^. G PO3K . 2ICp + 21 aq., and of an 
analogous molybdenum compound 14]MoO .'CPO^Bajj. BaO'*+ 65 aq. The author 
considers the existence of salts containing ethylo-phosphoric acid, and its congeners 
as at least probable. Compounds also occur in which part of the oxygen of 
phosphoric or arsenic pentoxido is replaced by sulphur or fluorine. 

Ill place of pentoxides, the teroxides of the same elements may combine with 
tungstic or molybdic oxide. Thus we have various series of arsenoso-tungstates 
and molybdates, and corresponding compounds containing antimonious and vana- 
dious oxides. Sb^Oy and v gOy . 'fhese pass by oxidation into the salts contain¬ 
ing the pentoxides. * The general formula is: 

m . n . 2) B'oO. 

Double compounds of this series also exist, tlie general formula being: 

n W\p,,. n . p Hp. 

Mixed types containing both pentoxides and teroxides also occur, the general 
formula being: 

w . w 1V%0^ . . p 1140 

in wliieh and may be difierent. 

The formulca of two* compounds containing are respectively I8WO3 * 
2As.jOy . 8BaO + 42 aq., and SMqOy . 2ASjjOy , 8Ba'0 -h Pi aq. Into these and 
similar compounds platinons chloride, PtOL,'may enter to form new scries in 
wdiicli the complex ICOy * 2PiCl3 replaces 

In place of plar-inous chloride, other metals of tho same group may enter, wliile 
'On tho other hand, the chlorine may be replaced by bromine, iodine, or tho com¬ 
plexes K . SeOyK and TeOyK. 

The author fouiid tliat the type of the .silico-tungatates cliscov<nM‘cl by Marignac 
was also susceptible of goneralisation; SiOy being roplacoable liy a large number 
of similar oxides, as for example by the oxides of solenium, tollurium, platinum, 
ifcc. Mixed types containing and also exist as well as types con¬ 
taining and As illustrations of the formi?r, tho author gave the 

formula t 

SBMoOy. 4YP5 • VO,. 11 (Nri,)P -f 20 aq., and 1 2W(\ . 2Vp,, iWO.,. 

GNap + 48 aq., 

a.nd as a further illustration of the fertility of this field of investigation the 
formulm: 

GOWO3. OPps * 2VP« .TO,. IBBaO + 144 aq., and COWO,. 3Pp,. Vp,,. 

VO,. IHBaO + 160 aq., 

the former having the molecular weight 20,068, and the latter the molecular 
weight 20,006. 

in conclusion tho author stated, fhat in formulating certain compounds con¬ 
taining yp^, he had found that much simpler expressions resulted when a part 
of the ypg was supposed to have tho straciuro (VPa)©^, Vp® replacing w or 
Mo. To support turn view, ho brought forward several new series of complex 
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aeidS; containing neither tungstic nor molvbdic oxide, as for instance, 12V20r; . 
PaO- . 3BaO -h 45 aq., and . PgO- . 6H3O + 53 aq. These compounds he 

termed phospho-vanadates j arsenico-vanadates "also occur as well as various series 
containing vanadic dioxide, as well as pentoxide—a particular case being for 
instance, ISV^O- . VO^ • SPoO^. 7(NIIi)20 + 50 aq. In conclusion the author 
showed that the numerous compounds of the type, POl- . ShOlg, long known to 
chemists, in many cases at least corresponded to very simple forms of complex 
acids. 


2, On an Uxample of GJiemical Uqnilihrmn. 
By A. Vebnon Haroourt, If.A., F.B,S. 


3. On the Incomplete Gomlustion of Gases, By Dixon, M . A , 

(1) Bunsen’s original experiments on the incomplete combustion of mixtures of 
carbonic oxide and hydrogen are vitiated by the presence of aqueous vapour in 
the eudiometer. Both Horstmann’s experiments and my own show that no altera¬ 
tion per saltum occurs in the ratio of the products of combustion. 

(2) A mixture of dry carbonic oxide and oxygen does not explode when an 
electric spark is passed through it. The union of carbonic oxide and oxygen is 
effected indirectly by steam. A more trace of steam renders a mixture of oxygen 
and carbonic oxide explosive. The steam undergoes a series of alternate reductions 
and oxidations, acting as a ^ carrier of oxygen ’ to the carbonic oxide. With a 
very small quantity of steam, the oxidation of carbonic oxide takes place slowly. 
As the quantity of steam is increased, the rapidity of the explosion increases. The 
mean rate of explosion for one metre was found to increase from 36 metres a second 
—when the mixture was passed over anhydrous phosphoric acid—to 317 metres 
per second, when the mixture was saturated with aqueous vapour at 60® 0. 

(3) When a mixture of dry carbonic oxide and hydrogen is exploded with a 
quantity of oxygen insuiiident for complete combustion, the ratio of the carbonic 
acid to the steam formed depends upon the length of the column of gases and 
the pressure under which the gases are fired. By continually increasing the initial 
pressure, a point is reached where no further increase in the pressure affects the 
products of the reaction. At and above this ^ critical pressure ’ the result is in¬ 
dependent of the length of the column of gases. The larger the proportion of 
•oxygen used, the lower the ^ critical pressure ’ is found to be. 

(4) When dry mixtures of carbonic oxygen and hydrogen in varying proportions 
are exploded above the ‘ critical pressure ’ with oxygen insufficient for complete 
combustion, an equilibrium is established between two opposite chemical changes 
represented by the equations; — 

(i) 00 + HoO=:002-FIL 

(ii) 00^+ 14^00+ 11,0 

so that at the end of the reaction the product of the carbonic oxide and steam 
molecules is equal to^ the product of the carbonic acid and hydrogen molecules 
multiplied by a coefficient of affinity. This result agrees with Ilorstmann’s con¬ 
clusion. But Horstmann considers the coefficient to vary with the relative mass of 
oxygen taken. 

(5) A small difference in the initial temperature at which the gases are fired, 
makes a considerable difference in the products of the reaction* This difference is 
due to the condensation of steam by the sides of the vessel during the explosion, and 
its consequent removal from the sphere of action during the chemical changes. 
When the gases are exploded at a temperature sufficiently high to prevent any con¬ 
densation of steam during the progress of the reaction the coefficient is found to 
be constant, whatever the quantity of oxygen used, provided the hydrogen is more 
than double the oxygen. 

(6) The presence of an inert gas such as nitrogen, by diminishing the intensity 
of the reaction, favours the formation of carbonic acid in preference to steam# 
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When the hydrogen is loss than double the oxygen, the excess of oxygen cannot 
react with any of the three otlier gases present—carbonic oxide, carbonic acid and 
steam, but has to wait until an equal Toliime of steam is reduced to hydrogen by 
the carbonic oxide* The excess of inert oxygen has the same oilect as the inert 
nitrogen in favouring the fonnalion of carbomc acid. 

The variations in the coefficient of affinity found by Ilorstmanu with different 
quantities of oxygen, are due partly to this cause, but chiefly to the varying 
amounts of steam condensed by the cold eudiometer during the reaction in different 
experiments. 

(7) As the general result of these experiments it has been shown, that when a 
mixture of carbonic oxide and hydrogen is exploded witli insufficient oxygen for 
complete combustion, at a temperature at which no condensation of steam can take 
place during the reaction, and at a pressure greater than the critical pressure, an 
equilibrium between two opposite changes is established, which is independent of 
the quantity of oxygen^ taken, so long as this quantify is less than half the 
hydrogen. Within the limits marked out above, the Law of Mass is completely 
verified for the gaseous system composed of carbonic oxide, carbonic acid, hydro* 
gen and steam at a high temperature. 


4. Spectroscopic Studies of JEJxploshns, 

By Professors Liyeing, F,E,S., and Dewar, JP.RSV 

The explosioixs observed'Were chiefly those of hydrogen with oxygon, and of 
carbonic oxide with oxygen, and were made in an iron tube fitted with quartz ends. 
The spectra were both observed with^the eye and pliotograpbed. Linings of thin 
sheet metal of various kinds were introduced into the tube, and in some cases 
metallic salts in fine powder were put in. When the tube was clean, many iron 
lines were seen in the flash, nine lines in the green were identified, and forty-nine 
more in the blue, violet and ultra-violet Only one line more refrangible than 0 was 
observed, and that was T. Twenty-five lines of nickel and twenty-two of cobalt, 
all lying between G and P, were photographed. No other metal gave anything 
like so many lines as these three, but magnesium gave the 6 group, copper gave one 
green and two ultra-violet lines, manganese the violet triplet; chromium, three 
triplets in the green, indigo and^ ultra-violet respectively ; diver, Iavo ultra-violet 
lines; sodium gave D and the pair near Q; potassium, tfie violet linos and the pair 
near 0. On the .other hand, zinc, cadmium, mercury, aluminium, tin, bismuth, 
antimony and arsenic developed no lines in the flasa; marsh gas, sulphuretted, 
arsenett-ed and antimoniuretted hydrogen exploded with oxygen gave no pectiliar 
linos, merely a more continuous spectrum. It appears to be proved that iron, nickel 
and cobalt are volatile in some degree at 3,000 , which, according lo Bunsen and 
Bertholot, appears to be about the temperature of fbe exploding gas; and this may 
help to explain the appearance of iron lines in the highest, pari s of solar prominences. 
It might be possible to establish a spectroscopic scale of lemperaturea if the lines 
successively developed with increasing temperatures were noted. Thus the iron line 
T seems to be barely developed at 3,000”, the aluminium lines at H only come out 
at a somewhat higher temperature, the lithium blue lino may be just seen in the 
inner green cone of a Bunsen burner, while the green line comes out in the 
explosion flash. 


FUIBAY, AUQXrST 29 , 

The following Papers were read;-— 

I. On ihe Oomtiiuiion of the Fhmenis, By Professor Dbwab, 
" '■ * POr details, see PML Mag. for September IS84, 
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2. On the Chemical Aspect of the Storage of Fower, 

By Professor E. Peankland, I),0,L,, If.P., F.E.8, 

The author has continued his experiineuts on electrical accumulators, and in the 
present paper communicates the results of a study of the phenomena attending the 
discharge of accumulator cells containing alternate plates of plumbic peroxide and 
spongy lead. The storage cell employed contained ten plates with an aggregate 
active surface of 12-3 square feet, and it was chpged by a current of from 15 to 
20 amperes generated by a Siemens’ shunt machine, and was then allowed to rest 
for three days. 

The discharge was made through a piece of platinum wire 1*035 m.m. in 
diameter and 10 inches long. This wire was maintained at a red heat, so long as 
the current did not sink below 17 amperes. The discharge occupied 73 hours in 
one experiment, 1474 in a second, and 141 hours in a third. 

In all these experiments, moderate currents only were drawn from the cells, 
such as would he used for the supply of 14 or 15 Swan lamps of 20-candle power ; 
but very much heavier currents can be obtained if desired, even up to 250 
amperes. 

From the results of these experiments, the author draws the following con¬ 
clusions : 

1. The energy of a charged storage cell is delivered in two separate portions, 
one having an E. M. F. of 2 volts and upwards; the other an E. M. F. of 0*5 volt 
and under. One of these may be conveniently termed useful, and the other useless 
electricity. 

2. The proportion of useful electricity obtainable is greatest when the cell is 
discharged intermittently, and least when the discharge is continuous. 

3. Neither in the intermittent nor continuous discharge at high E. M. F. is the 

current, through uniform resistance, augmented by rest. At low E. M. F., how¬ 
ever, the current, after continuous discharge of the high B, M* JP. potiion, is greatly aug¬ 
mented, but only for a few minutes. This augmentation of current, at low E. M. F. 
after rest, is bar.ely perceptible when the high E. M, F. discharge has been 
taken intermittently. , , , 

4. The suddenness .of fall in potential dping discharge indicates two entirely 
distinct chemicaLchanges, the one resulting in an E. M. F. of about 2'5 volts, the 
other in one of about 0*3 volt., 

5. The chemical change producing low E. M. F. is the first to occur in charging, 
and the last to take place in discharging the ceil. It is the change which occurs 
during what is called the ^ formation’ of a cell, and, for economy’s sake, a reversal 
of this change should never be allowed to take place. 

C. It would not be difficult to suggest an ex|)lanation of the nature of these 
two chemical changes, but the author refrains pending their actual investigation in 
which he is now engaged.' 

7. Currents of enormous’strength can be readily obtained from storage batteries 
coupled up in parallel,, For instance, a current of 25,000 amperes is qiuite feasible- 
from only 100 cel^. Such a current reduces to insignificance the output of the 
largest dynamo ever, built, It is to be hoped that currents of this magnitude will 
open up new possibilities of research into the constitution of matter, 

3. On the Magnetic Bptation of Oorwpounds in relation to %heir Chemical 
Composition. By W, H. Perkin, Phi)., F.B.S. 

The author gave a rSsumS of his researches on the magnetic rotary polarisation 
of compounds in relation to their chemical composition. After referring to tb© 
remarkable discovery of Faraday in relation to tins subject and the results obtained 
by more recent workers in this field, it was shown that no relationship in 
‘reference to chemical composition was likely to be found by the usual method of 
calculating the results of the observation of unit lengths of the fluid bodies 
examined, but that if lengths related to each other in proportion to their molecular 
weights, making the necessary correction foar the difference of densities, were com- 

1884 X X 
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pared, tliat useful results wouldj pobably be obtained. Experiments have proved 
this to be the case, and in the series of homologous compounds it was found that 
for every addition of OHg a definite increase of what is called the molecular 
rotation ^ is obtained; besides this it was found that the rotation also was capable 
of indicating differences in the constitution of organic compounds. Isosecondary, 
and tertiary bodies give different results from normal compounds. The compound 
containing the halogens were also referred to, and formulae given, by wliif 
molecular rotation of twenty-six series of compounds could be calculated. A 


4i. On the present state of our Knowledge of Refraction Kqimaleny^T 
% Dr. J. H. Giadsione, JF.is. 

Tbe law that the refraction equivalent of a compound is the sum of 
refraction equivalents of its constituents, although of general, is not of univen^ 
application. The departures from it indicate some important change in the mode 
of combination of the elements, and thus the specific refraction or dispersion of 
light by a compound body proves a valuable means of investigating its chemical 
structure. The papers of Briilil three years ago gave a new impulse to the study 
of this subject, and during the past twelve months several important communi¬ 
cations have been made, especially by Kanonnikov of tbe Easan University, by 
Nasini of Eome, and by Bleekrode of the Hague, while the author of this paper 
has published observations that have been accumulating for some yeai*s. 

EEl'BACTION-EQiriVALENrS OP THE ELEMET^TS. 


Element 

Atomic 

Weight 

Eefraction 

Equivalent 

Element 

S to 

Refractaon 

Equivalent 

Aluminium * • • 

27*5 

7-7 

Manganese. 

65 

11*7 

Antimony * • • 

122 

24-5 

„ in pexmanga- 



Arsenic . • . * 

76 

15*4 

nates ....... 


about 26 

Barium . • « . 

137‘2 

15*8 

Mercury. 

200 

19-4? 

Beryllium • • • 

9-3 

5-1 

Nickel 

68-7 

10-0 

Bismuth .... 

208-2 

38*2 

Nitrogen ...... 

14 

4*1 

Boron, in Borates. 

11 

about 4 

„ in bases, oxides* 



Bromine .... 

80 

15*3 

kc .. . 


5*3 

Cadmium . • , 

111*6 

13-1 

Oxygen, single bonds . . 

16 

2*8 

Caesium .... 

132 

19-1 

„ double bonds, . 


3*4 

Calcium .... 

40 

10-0 

Palladium. 

106 

21-6! 

Carbon .... 

12 

5-0 

Phosphorus ..... 

31 

18-3 

„ double 



Platinum ...... 

195 

24-7 

linked . , . .! 

a 

6*1 

Potassium. 

39‘1 

7-85 

Cerium .... 

138‘2 

19-6? 

Ehodium ...... 

103-4 

23-4? 

Chlorine .... 

35*6 

9-9 

Bubidium ...... 

85-4 

12*1 

Chromium . , . 

52*4 

35-4 

Selenium 

78 

30-1 

„ in Chro¬ 



Silicium. 

28 

7-4 

mates .... 

99 

about22 

„ in Silicic Acid . 

99 

108 . 

about 6 

Cobalt. , , , . 

58*7 

10-4 

Silver . 

13-2 

Copper .... 

63-4 

11*5 ! 

Sodium ....... 

23 

4-4 

Bidymium , . , 

145 

23-3 1 

Strontium ...... 

87-6 

13-0 

Fluorine .... 

19 

1-6? i 

Sulphur 

32 

16-0 

Gold ..... 

196-2 

23-1 j 

1 „ single bonds "r . 

99 

14-1 

Hydrogen , . , 

1 

1-3 [ 

1 Thallium ...... 

203-6 

20*4 

Iodine ... 

127 

24-0 ' 

Tin, bivalent ..... 

118 

27*0? 

Iron, bivalent . . 

56 

11*6 i 

„ quadnvalent . , . 

99 

18-6? 

^ „ trivalent . . 

»> 

19'4 1 

Titanium ...... 

48 

24-6 

Lanthanum . . . 

138 

22-9 

Uranium 

237-G 

39-4 

_ Lead' . . . M 

207 

24-3 

Tanadium ...... 

51-3 

24-S? 

Lithium .... 

7 

3-6 

Zinc 

65-3 

9-8 

Magnesium . 

24 

6-T 

Zirconium ...... 

90 

21-3 
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Beddes the increased data thus obtained, fresh light has been thrown on 
( 1 ) The physical question at the basis of the inquiry. Additional proofs have 
been given that specific refraction is constant (or nearly so) notwithstanding 
solution or change &om the gaseous to the liquid or solid condition, (2) The 
refraction equivSents of the elementary bodies. A revision of the old list Phil. 
Trans’ 1869) in the light of our present knowledge has led to the results embodied 
in the table given above. Many of the figures will doubtless require future modi* 
iication. (3) The chemical structure of many compounds, especially among organic 
bodies rich in carbon. Some of these deductions have already become the subject 
of controversy in the scientific journals of the Continent. 


5, 0^ the Diffusion of Metals. By Professor W*. Chandler E-obeets, F.B,8* 


6 , On some Phenomena of Solution illmimted by the case of Sodium 
Sulphate. By Professor William A. Tilden, D.Sc,, KB,S. 

From a study of the solubility of sodiiini sulphate in water at temperatures 
above 100 ° 0., the author (in conjunction with Mr. Shenstone) has arrived at 
the conclusion that at these high temperatures the salt dissolves in the anhydrous 
.state. In order to determine whether this salt dissolves in water at lower 
temperatures in the anhydrous or in the hydrated state he has made a series of 
calorimetric measurements of the thermal changes which attend the act of solution 
•of Na.jS 04 in water at temperatures below and above 33®-34% the critical point in 
the curve of solubility. The following are the chief results: 

Calorimetric effect, 0, of dissolving Na^SO^ in n molecules of water at t°. 


n. 


a 

100 

31*70 

1740 

100 

35*40 

1522 

100 

42*85 

1342 

100 

46*10 

1071 

100 

55-00 

9S5 


These figures establish the fact that by dissolving anhydrous sulphate of sodium 
in water at temperatures above 33°-34° the therinal change is still positive, 
although a diminishing quantity, and hence that the act of solution is still attended 
at these temperatures by chemical combination between the salt and a portion of 
the water. These results when plotted out give a line which is nearly parallel 
with the solubility curve, between these limits of temperatui’e* 


i 7, A Theory of Solution. By W. W. J. Nicol, Jf.A,, B.Sc^ 

This paper contained a remmi of the experimental evidence accumulated by 
the author in support of his theory, a complete eniineiation of which was given in 
a paper read before the Koyal Society of Edinburgh in January 1883, and pub¬ 
lished in the ^ Philosophical Magazine' for February of the same year. 


8 , On Evaporation and Dissociation. 

By Professor William Ramsay, PhD. and Sydney Yodng, D.8c. 

The authors describedexperiments made with the object of ascertaining whether 
the coincidence of the curves which represent the vapour pressures of stable solid 
and liqxiid substances at difierent. temperatures with those indicating the maximum 
temperatures attainable by the same substances at different pressures, when 
•evaporating with a free suiface, holds good also for substances which dissociate in 
their passage to the gaseous state. The substances examined were chloral hydrate, 
sminonium carbonate, phthalic acid, succinic acid, aldehyde ammonia, ammonium 
chloride, nitric peroxide, and acetic acid. It was found that with chloral hydrate 
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and amoLoi^itim carbonate, which cannot exist at all in the fvaseous state, the 
temperafcam of volatilisation do not fox-m a curve. When the dissociation was 
considerable but not complete, as in the case of phthalic and succinic acids, an 
indication of a curve was observed at low pre.ssures, but it ditfeied widely both in 
form and position from that representing the vapour pressures or pressures of 
dissociation^ As the dissociation decreases the curves approach each other moi-c 
•closely, and they appear to be coincident in the case of aminonium chloride and 
nitric peroxide within the limits of temperature at which observations were made,, 
and at which the amount of dissociation is lu-obably small With acetic aci<i^ 
very numerous observations proved the perfect coincidence of the einvos. 

The resdts appear to be unfavourable to the view that when liquefaction of a 
gaseous stable substance takes place, gaseous molecules coalesce to form more 
.complex groups of molecules,and that those complex molecules dissociate when tL^ 
substance is vaporised. 


Otz MolecvLlar Volames. By Professor Willta^ Ramsay, PliX, 

1. The object of this research was to ascertain whether, as has been long taken 
for grauted, the boiling-points of compounds under equal pressures really afibrd 
suitable points for a comparison of their molecular volumes. The experiments 
described in detail in the original paper were made during the years 1880 and 1881, 
and a preliodnary notice was read to the Chemical Society in the spring of that 
year. An laccount of experiments by AV. Staedel appeared subsequently, in which 
he showed that the element chlorine possesses at least three ditferent volumes in 
combination. Subsequent researches by Lossen, Schiff, and others have since that 
time thoroTUghly proved that no element enters into combination with invmablfe 
atomic volume. The experiments made by the author decisively prove that in the 
following series of compounds: water, methyl alcohol, ethyl alcohol, propyl 
alcohol, isojropyl alcohol, isobutyl alcohol, and ether; the value of the group 011^ 
is by no mfriins constant, while at the boiUiig-points of the liquids at low pressures 
the value u approximately constant, fluctuating between 17*5 and 23; at high 
temperaliiues the difference becomes much more apparent, attaining, at pressures of 
20,000 mini, (which was the highest measured), the greatest irregularity. Thus 
the difference between the molecular volumes of ether and isobiityl alcohol, two 
isomeric sul)stances, amounts to a total of about 20 units, whereas the hypothesis 
that at the boiling-points under equal pressures the molecular volumes are com¬ 
parable, anU for isomeric substazices should be equal, no difference between these 
substances should be observable. 

2. It w<as supposed that as li(iuids at high temperatures corresponding to high 
pressures ate extremely compre.«ihible, the volumes might be eoniparablo, ]>ro\ided 
they were compared under critical pressure ; the temperatures, however, at which 
they were compared still being those at which their vapours exert equal ^n'essur^ 
To eluddaie this point, carefid aneasuremeiits of the compressibility of these liquids 
were made„ and also of their critical temperatures and pre^^sures, and if w^as found 
that when the liquids were at the temperatures corresponding to equal vapour 
pressures bxit exposed to their critical pressures, no correspondence between their 
molecular volumes was observable. 

3. A& ^ last alternative it was thought possible that if the liquids still at 
temperatures corresponding to equal vapour pressures, could have existed under 
no pressures, some basis of comparison might be found. Necessarily such a state is 
unrealiaablc in practice, but as the compressibility of the liquids*had been deter¬ 
mined, it WfLS calculable. Again, it was found that in this hypothetical condition, 
although til e relative volumes at high temperatures wei*© considerably altered, yet 
no point of comparipon had been reached. 

4 The jiuthor therefore concludes that, contrary to what has usually been 
supposed, the boiling-points of liquids under whatever pressure they may be taken 

Rot amtiable temperatures at which to compare their molecular volumes. 

Still it cannot be denied that a certain regularity is noticeable. The 
constancy of the atomic volumes of elements which is made by Kop^^ 
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the foundation of his system has been amply shoTvn not to exist; by Staedel for 
chlorine, and by Kopp and others for nitrogen, oxygen, and sulphur, 

5. On comparing the molecular volumes of compounds containing carbon, 
hydrogen, and oxygen, with the number of atoms contained in the compound, it is 
observable that in every case approximate proportionality is to be observed. This 
would imply that these elements enter the liquid state with approximately the 
same volumes which they would possess before combination, were it possible for 
these to exist in a perfect gaseous state. Expressed differently, the quotient 
obtained by dividing the molecular volume of a compound by the number of atoms 
contained in the compound yields a nearly constant number. This has been 
i?ioticed bj Schroder. But in order to reconcile the discrepancy observable 
between different series, Schroder has supposed that the atoms of some elements 
possess at one time double or treble the volume which they exhibit at another 
time. The author has shown that Schroder’s method does not reconcile the 
observed discrepancies. On attempting to correlate the divergency from the 
above-mentioned very simple relation with the heats of formation" of organic 
substances, no absolute regularity is noticeable, although there is general corre¬ 
spondence between a large molecular volume and a small evolution of heat during 
formation of the compound from its elements. 


10. On Cahimn Sulphide and Sulphocarhoiiaie. 

By Y. H. Yelby, M.A,, F,G.S. 

Berzelius, ^ Schweigger Journ.,’ 34.12, has described a process for the preparation 
^of calcium sulphide by passing hydrogen sulphide over lime, heated to a red heat. 
The equivalent weights of the water and calcium sulphide as the resultants of the 
^equation, 

CaO+HsSrOaS + IIp 

were found to be in the proportion of 87 ; 89 or practically 1:1. 

In another memoir, Berzelius, ‘Pogg. Annal./ 6.444, describes the preparation of 
•calcium sulphocarbonate by digesting calcium sulphide, water, and carbon disulphide, 
at a temperature of 30° in a iiask from which air is excluded. 

Caieimn Sulphide. —As the formation of calcium sulphide is involved in the 
]?rocesses of purification of coal gas, and presumably abstracts the carbon disulphide 
■kom gas contaminated with that substance, it seemed of interest to study more 
particularly the formation of th^se compounds by the methods indicated by 
Berzelius. 

Calcium oxide, free from the metals of the iron group, was obtained by heating 
perfectly transparent crystals of Iceland spar in porcelain tube in a cxirrent of 
hydrogen. This oxide was hydrated in a damp atmosphere free from carbonic 
.■anhydride, and converted into the hydroxide Ca (On)^. 

ihe hydroxide, introduced into a convenient apparatus, was heated to 60°, and 
hydrogen sulphide passed through it, air being carefully excluded throughout the 
•experiment. The resultant calcium sulphide and water were weighed, and the 
.synthetic results thus obtained were found to agree with the results of the analysis 
■of the calcium sulphide. ' 

It is worthy of note that perfectly dry calcium oxide is perfectly unaltered by 
the passage of perfectly dry hydrogen sulphide, and generally the formation of 
cjalcium sulphide proceeded "the more rapidly the greater the quantity of water 
originally present in the hydroxide. This result may be due to the formation at 
first, either of the hydrosdphide Oa SII, SH, or hydroxyhydrosulphide Ca, OH, 
■SH, and the conversion of either of these substances into the monosulphide. 

Calcium Sulphocarbonate .—^The calcium sulphide, prepared as described above, 
was moistened with water, and hydrogen, saturated with carbon disulphide, was 
passed through it. It gradually turned yellow, and finally red, and on exhaustion 
with cold water there was obtained a red solution, from which on evaporation in 
vacuo tiiere separated red deliquescent, prismatic crystals. The composition pf 
these crystals on analysis was found to be in accordance with the formula 0 a( 0 H) 3 . 
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CaCS^, together -witli a large excess of water. The eolation of calcium sulplio- 
carhonafce m water ga’ve with hydrochloric acid a red oil, prohahly siilphocarhonie^ 
acid, described hy Berzelius and Zeise, dai'k brown piecipitatea with solutions of 
bismuth, stannous, lead, copper, mercurous, silver, platinum and gold salts, olive 
green solutions with, nickel and manganese salts, witli zinc salts s>olden white 
precipitates. These substances, some of which have been described ty J^erzelius^ 
are presumably the sulphocarbonates of the various metals. The author hopes 
shortly to enter into a more minute examination of the composition and chemical 
properties of these substances. 


11. On the Action of SuljpMiretted Hifdrogen % 1 'porh Silver^ 

Jjij Professor F. P, Dunnington. 

In view of the rapidity with which silver decomposes sulphuretted hydrogen 
under ordinary conditions, it appeared of interest to ascertain what would lake 
place if water was completely excluded. 

Three experiments were made under varied conditions, the results of which 
indicated that it was peculiarly difficult to remove all the moisture from the silver. 

A fourth experiment was made as follows:—a piece of pure silver was 
flattened and carefully polished on each face, this was placed in tho middle of a 
two-foot glass tube, in each end of the latter was put a plug of five inches of 
phosphoric anhydride, confined by gla'*& wool. Puie dry hydrogen was slowly 
passed through this tube while it was gently heated thioughout, the hydrogen was 
then removed by a Sprengel pump, the silver being heated to about 300® 0.; again 
dry hydrogen was let into the tube, and again exhausted while the silver wa® 
heated; again hydi'ogen was let into the tube, and then pure dry sulphuretted 
hydrogen was slowly passed through the apparatus for an hour, and the tube 
finally drawn off and sealed at each end so as to lea’ve the silver confined between 
the plugs of phosphoric anhydride. After several days the silver was darkened 
only a little near its edges, and after five months (as exhibited to the Section) the 
silver is blackened on its edges, while the main portion of the surface is still white. 

Attention is also drawn to the fact that when the silver was heated to about 
300° C., and the pressme removed, the brilliant polish of the silver was destroyed 
by a blistering of its surface, no doubt due to the oxygen which had been occluded. 

From the above we may infer that in absence of water silver does not decompose 
sulphuretted hydrogen at common temperatures. The foiegoing work was conducted 
by Mr. J. M. Cabell, a student in my laboratory. 


SATURDAY, AUGUST 80. 
The Section did not meet* 


AlOYDAT, SERTE^IBDR 1. 

The following Keports and Papers were read:— 

1. R&^ori of the Oommittee upon the present state of our h%(mledge of 
Spectrum Analysis ,—See Reports, p. 296, 

% Second Beport of the Oommittee on Chemical lYomencluHre.— 

See Reports, p. 39. 


S, On CeednTm Oohwing Matters, By W. H. Pebkik, KBM. 
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4. On the Manvfaciure of Soda and Chlorine^ By W. Welbon, F,R,8* 

6. On the Chemistry of the Natural Silicates, 

By Professor T. Stekry KuiTT, LL,B,^ P.P./S, 

The genesis of the crystalline stratiGed locks, including the fundamental 
granite and the succeeding crystalline eozoic schist^, is a subject for the cliomist, 
■without whose aid the natural histoiy student, whether be styles himself 
mineralogist or geologist, can ne\er hope to solve this great riddle of geogeny* 
The intervention of water, as taught by AVerner, in the formation of the granitic 
hubstratum is now conceded, and we are prepared for a restatement of Neptunism 
upon an igneous basis, as I have elsewhere attempted under the name of the 
creiiitic hypothesis. The chief chemical problem involved therein wdl he evident 
when we consider the composition of the rocks already referred to. These, 
excluding carbonates, quartz, and non-silicated oxides, are made up essentially of 
silicates, hydrous or anhydious of a few bases, chiefly potash, soda, lime, magnesia, 
fen ous oxide, and alumina. The most important distinction among these is that 
between aluminous and non-aluminous sihcates, due to the ready solubility and 
wide diffusion of salts of the protoxide bases in natural waters, and to the stability 
and insolubility of the silicates of alumina. Of natural aluminous silicates we 
have a series from simple hydrous and anhydrous species, through the pinites and 
musco'vites and damourites, in which the oxygen ratio of piotoxide to alumina is 
1: 12, 1:9, or 1 : 6. We then come to tlie great zeolite and feldspar group in 
which it is 1 : 3, and to silicates like epidote, garnet, magnesian micas and 
chlorites, in which it becomes 1 : 1 and o%en 2 : 1. That of the feldspar, which 
we may call the normal ratio, is found also in aliiminates, and its significance is 
clear to the chemist, .^luminous douhle silicates with this ratio are formed in 
solutions in presence of excess of alkalies, and appear as natural results of aqueous 
action on igneous basic rocks as seen in basalts, in amygdaloids, and in volcanic 
mud in the deep sea. The studies of Bunsen and those of Baubree throw great 
light on this process. The simultaneous production in many cases of protoxide 
silicates like pectolite, gyrolite, okerite, and apophyllite, is next to he considered. 
All of these are non-magnesian, but by reaction on dissolved salts of magnesia take 
up this base by exchange. Hence serpentines, chrysolite, pyroxene and talc. 

The decomposition by heat of alkaline solutions of alumina and silica, in some 
cases with depositions of quartz and productions of more basic solutions which 
react with magnesian salts, explains the origin of aluminous silicates with excess 
of protoxide bases. The power of alkaline silicates in aqueous solution to hold 
dissolved various metallic oxides, throws light in the production of oxides of the 
spinel and corundum groups. 

The origin of simple aluminous silicates and others -vyith small amounts of 
protoxide is found in the diagenesis of the kaolin from suhaerial decay of leld-jpathic 
rocks, soluble silicates of the zeohtic type often intervening. 

In the various reactions set forth in this paper it was said that we have, by the 
working of Imown chemical laws, an explanation of the genesis of the great 
groups of natural silicates and the basis of a rational system of mineralogy and of 
lithology. 


6. On the Liquefaction of Oxygen and the Density of Liquid Hydrogen, 
By Professor James Dewar, JI.A., jP.E.S. 


7. On the Physical Constants of Solutions, By Professor W, L. Goobwin, 
D,Sc,, and Professor D. H. Marshall, If.A., F,E,8,JEJ, 

Previous experimenters, have prepared solutions containing m molecules of 
anhydrous chlorides to n molecules of water. Such solutions do not contain 
equal numbers of molecules of the salts in equal volumes of the solutions. The 
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object of this researcli is to determine the curves of expansion of solutions wliicli 
contain, in equal volumes, weights of the salts proportional to the molecular weights. 
The experiments made show the feasibility of employing simpler apparatus than 
that hitherto used in determining the coeliicienls of expansion of saline solutions. 
The apparatus is a graduated bulb-tube with a bore large enough to admit a small 
capillary tube with which the solutions are run into the bulb-tube. The solutions 
are boiled a few seconds, while still hot poured into the bulb-tube, and ap then 
closed off from the air by a mercury thread. The hath is a large vessel of water 
stirred constantly. Two series of readings are taken, one with the^ temperature 
rising and one with the temperatm*e falling. The experiment is rejected unless 
these two sets give the same results. The experiments recorded in our paper were 
maile with an ordinary theimometer graduated in single degrees and do not give 
sufficiently accurate results, hut we hope with more delicate thermometers to very 
much increase the accuracy. 


8. On ihe JProihiction of Fermaneni Gas from Parafln Oils. 

By Dr. Stetenson Macadam, 'F.E.8,JEI, 

The paraffin oils employed in the investigation were rr 2 ale lutYaffin oil, being 
the oil obtained direct irom the destructive distillation of shale in retorts; f/reen 
paraffin oil, which is obtained by distilling or re-runniug the crude paraffin oil and 
removing the lighter or more inflammable oil by fractional distillation and freezing 
out the soHd paraffin; and Uiie paraffiii oil, which is the product obtained by- 
rectifying the paraffin oil by sulphuric acid and soda, and distilling off the ])araffiu 
spirit, burning oil and intermediate oil, and freezing out the solid parnfiin as 
paraffin scale. After many trials it was found that the best results were obtained 
by the simple arrangement of employing iron retorts at a good cberry-red heat, and 
running the oil as a thin stream direct into the retorts, so that it quickly impinged 
upon the red-hot metal, and without the intervention of any coke oi‘ other material 
in the retort. The following table gives the condensed results of one series of 
trials:— 



Crude Faratlin Oil 

Green Parafim Oil 

Blue Paraffin Oil 

Specific gravity of oil, "I 
(water 1000) . J 

8u0 

884 

878 

Flashing point* in close ^ 
tester . . . j' 

92® F. 

165® F. 

163® F, 

Gas from gallon of oil 

f)R-7C cub. ff. 

102*52 cub. fi. 

127-42 cub. ff. 

Gas from tun of oil . • 

2ffi02(i cub. ft. 

25,977 cub. ft. 

:i2,4!)2 cnb. ft. 

(Jandle power of gas 

Light value of one cubic 
toot of gas in sperm > 
candles . . J 

60'3() candles 

65*21: candles 

i 5 i’28 cuiullcs 

1208*01 grains 

1277'76 grains 

1302*72 grain.s 

Light value of gas from^ 
gallon of oil in sperm > 

17*052 lbs. 

18*718 lbs. 

23*70 i lbs. 

candles . . } 

Light value of gas from I 

tun of oil in .sperm > 
caud.les , . J 

4194 lbs. 

4741 lbs. 

6047 lbs. 

Light value of the oils as 




oils, determined from 1 

5565 lbs. 

6036 lbs. 


prenous experimental f 
data . . . J 

7420 lbs. 

tfForcentage of oil lightq 


79*87 

81*49 

obtained in gas light/ 

80 75 


^ iSmse trials, therefore, the gas obtained from tbe oils is equal in light power 
w oQ peer or :|>nr-&tths of the total li^rht of the oils when such are consumed as 
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oi3s under the most favourable conditions, and there is a loss of 20 per cent, or one- 
fifth of the light power. 

The practical working of mineral oil apparatus on the large scale has resulted in 
the ohtainment of permanent gas with an illuminating power of 76 per cent, of the 
total light of the oil as oil. The best working apparatus I have met with is 
Pintsch’s, where such results can he obtained day by day. 

The permanent character of the gas obtained from mineral oils has been proved by 
the testing of the gas after storage in gas-holders in the ordinary way; and even 
under the exceptionally severe test of submitting the gas to the pressme of 10 
atmospheres, as in Piutsch’s storage cylinders, the loss in candle power after a 
month’s compression was not more than three candles or about 5 per cent, of the 
light. 

The oil gas has now been successfully employed in the lighting of dwelling- 
houses and railway carriages, for lighthouse service in the illumination of buoys, 
4ind in the working of gas engines for sounding fog-horns, as at Langness'in 
i:lie Isle of Man; and at the present time large apparatus are being fitted up on 
Ailsa Craig in the Pirth of Clyde for the production of the oil gas to he used alike 
for the illumination of the lighthouse lanterns and for the working of the gas 
engines connected with the fog-horns. 


9. On ihe Oiamondiferous Deposits of South Africa and the Ash of the 
Diamond} By Professor Sir H. E. Eoscoe, Ph.D,, LDD., F.BB. 


10. On aBedetermination of the Atomic Weight of Cerium, By H. Eobixson. 


TUESDAY, SBPTE2rBEIi 2. 

The following Papers were read:— 

1. Chemical Changes in their relations to Micro-organisms. By Professor 
E. PBAifKLAND, D.G.L., Jf.D., F.B.8. 

The author explained the two kinds of chemical action—viz., that in which 
mibstances brought into contact mutually undergo chemical change ; and, secondly, 
that in which chemical change is effected in one substance by contact with another, 
which itself suffers apparently no alteration. To the latter are usually assigned the 
ehemical changes forming the subject of this paper. 

The discussion was confined to the study of organisms belonging to the animal 
kingdom, and, in order to narrow the discussion, the author proposed the fol¬ 
lowing’ definitions:— 

1. A plant is an organism performing synthetical functions, or one in which 
these functions are' greatly predominant. 

2. An animal is an organism performing analytical functions, or one in which 

these functions greatly predominate. , , 

From a physical point of view these definitions may he thus formulated :— 

1. A plant is an organism which transforms actual into potential energy. 

2. An animal is one which changes potential into actual energy. 

All micro-organisms appear to belong to the second class. In that portion of 
ihe animal world with which we are best acquainted oxidation is the essential con¬ 
dition of life; it is the kind of action by which the animal changes potential into 
itctual energy, and this actual energy is manifested in the phenomena which we 
term life. There are, however, many other chemical transformations in which 
potential becomes actual energy, and which, therefore, can support life. Besides 
such changes as are known to be thus utilised by micro-organisms there are many 

^ Pjdnted in full in Proc. Lit, md PMl. Boo, Mmwliester, vol. zxiii. pp. 5-10,1884. 
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others which might he possibly so utilised. It is even conceivable that animal life 
could he supported by allotropic or isomeric changes, such as the transformation 
of amorphous into waxy phosphorous, or of amorphous into crystalline antimony. 

The author then described the chemical changes produced by a Large number of 
micro-organisms, and concluded as follows:— 

There is no break in the continuity of chemical functions between micro¬ 
organisms, and the higher forms of animal life. Both alilte owe their vitality to 
the liberation of the energy stored in their food, and both go through a cycle of 
existence and then lose their vitality. It is true that there are apparently certain 
sharp distinctions between them. Thus the enormous fecundity of micro-organisms 
and their tremendous appetites (on the assumption that all the changed matter 
passes through their bodies) seem to separate them from, the higher orders of 
animals. But this distinction is only comparative. 

Thus in regard to fecundity, the power of multiplication gradually increases as 
the animal descends in the scale of organisation. There are, of co urse, exceptions, but 
this is the rule. The sheep produces only one or two lambs annually. The herring 
in the same time multiplies itself many thousandfold, whilst the aphis produces 
young at such a rate, that a single specimen would, if all its progeny lived;^ 
produce in three months a weight of aphides greater than that of the whole con¬ 
temporary human race. And, as to appetite, voracity is greatest in the lowest 
animals. A sheep or cow consumes about one-sixth of its own weight in twenty- 
four hours; an earthworm, a caterpillar, or a silkworm, many times its own weight.. 
The yeast organism must therefore, taking into accoimt its position in nature, he 
considered decidedly abstemious, inasmuch as it only consumes two-thirds of its 
own weight of sugar in twenty-four hours. Moreover, it must be borne in mind 
that the sheep converts much of its food into carbonic anhydride, watei", and 
hippuric acid, thus utilising nearly the whole of the potential energy, whiM the 
micro-organism, as a rule, utilises only a small portion. Turther, those micro¬ 
organisms which have been chemically studied produce, like the higher animals^ 
perfectly definite chemical changes, ' There is in this respect, therefore, no essential 
difierence between a mass of yeast, a populous town, a herd of cattle, and a colony 
of snakes; each produces its own peculiar cbemical changes in the food it consumes, 
and thereby obtains the energy necessary to its vitality. 

The position of micro-organisms in nature is only just beginning to be appre¬ 
ciated. ^ Their study both from chemical and biological points of view is, however, 
of the highest importance to the welfare of mankind, and I venture to predict that 
whilst there is no danger of their being spoiled by petting, or by their welfare 
being made the special care of sentimentalists, these*lowly organisms will receive 
much more attention in the future than they have done in the past. Their study 
leads the inquirer right into those functions of life which are still shrouded in 
obscuritj^ 


2. On Nitnfimfhon, JBy R. Warington.^ 

The Theory of Kitnjication .—^Till the commencement of 1877 it was generally 
supposed that the formation of nitrates from ammonia or nitrogenous organic 
matter in soils and waters was the result of simple oxidation by the atmosphere. 
In the case of soil it was imagined that the action of the atmosphere was intensified 
by the condensation of oxygen in the pores of the soil j in the case of waters no* 
such assumption was possible. This theory was most unsatisfactory, as neither 
solutions of pure ammonia, or of any of its salts, could he nitrified in the laboratory 
by simple exposure to air. The assumed condensation of oxygen in the pores of 
bhe soil also proved to be a fiction as soon as it was put by Schloesing to the test of 
©cperiment 

]^ly in 1877, two French chemists, Messrs. Schloesing and Miintz, published 
e;;^^iments showing that nitrification in sewage and in sods is the 


* Xho atiginal will be found in full in xxx. p. 
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result of the action of an organised ferment, which occurs ahiindantly iii 'soils and 
in most impure waters. The evidence for the ferment theory of nitrification is now 
very complete. Nitrification in soils and -waters is found to be strictly limited to 
the range of temperature within which the vital activity of living* ferments is con¬ 
fined. Thus nitrification proceeds with extreme slowness near the freezing-point, 
and increases in activity with a rise in temperature till are reached *, the action 
then diminishes, and ceases altogether at 65°. Nitrification is also dependent on 
the presence of plant-food suitable for organisms of low character. Recent experi¬ 
ments at Rothamsted show that in the absence of phosphates no nitrification will 
occur. Further proof of the ferment theory is afforded by the fact that antisepticsi 
are fatal to nitrification. In the presence of a small quantity of chloroform, carbon 
bisulphide, salicylic acid, and apparently also phenol, nitrification entirely ceases.. 
The action of heat is equally confirmatory. Raising sewage to the boiling-point 
entirely prevents its undergoing nitrification. The heating of soil to the same 
temperature efiectiially destroys its nitrifying power. Finally, nitrification can be- 
started in boiled sewage, or in other sterilised liquid of suitable composition, by the 
addition of a few particles of fresh surface soil, or a few drops of a solution which 
has already nitrified; though without such addition these liquids may be freely 
exposed to filtered air without nitrification taking place. 

The nitrifying organism has been submitted as yet to but little microscopical 
study: it is apparently a micrococcus. 

Tt is difficult to conceive how the evidence for the ferment theory of nitrifica¬ 
tion could be further strengthened; it is apparently complete in every^ part. 
Although, howevei’, nearly the whole of this evidence has been before the scientific 
public for more than seven years, the ferment theory of nitrification can hardly be 
said to have obtained any general acceptance; it has not indeed been seriously con¬ 
troverted, but neither has it been embraced. It is partly with the view of calling 
the attention of English and American chemists to the importance of a decision on 
this question that I have been induced to bring this subject before them on the 
present occasion. 

The DistribiMion of the Nitrifying Organism in the Soil, —Small quantities of 
soil were taken, at depths varying from two inches to eight feet, from freshly-cnt 
surfaces on the sides of pits sunk in the clay soil at Rothamsted. The soil removed 
was at once transferred to a sterilised solution of diluted urine, which was after¬ 
wards examined from time to time to ascertain if nitrification took place. From 
the results it would appear that in a clay soil the nitrifying organism is confined to> 
about eighteen inches ffom the surface; it is most abundant in the first six inches. 
Tt is quite possible, however, that in the channels caused by worms, or by the roots^ 
of plants, the organism may occur at greater depths. In a sandy soil we should 
expect to find the organism at a lower level than in clay, but of this we have as yet^ 
no direct evidenee- 

Bome very practical conclusions may be drawn ffom the facts now stated. It 
appears that the oxidation of nitrogenous matter in soil will be confined to -matter 
near the surface. ^ The nitrates found in the subsoil, and in subsoil drainage waters,, 
have really been produced in the upper layer of the soil, and have been carried down 
by diflusion, or by a descending column of water. Again, in arranging a filter-bed. 
for the oxidation of sewage, it is obvious that with a heavy soil lying in its natural 
state of consolidation very little will be gained by making the filter-hed of con¬ 
siderable depth; while, if an artificial bed is to be constmSed; it is clearly the top 
soil, rich in oxidising organisms, which should be exclusively employed.' 

The Substances mJi^scejptihU of NiU*ifiQ€ttion,^-^lcB analyses of soils and drainage^ 
waters have taught us that the nitrogenous humic matter resulting om the decay 
of plants is nitrifiable; also that the various nitrogenous manures applied to land, as. 
farmyard manure, bones, fish, blood, rape-cake, and ammonium salts, undergo 
nitrification in the soil. In the Rothamsted Lahoratory experiments have been 
made on the nitrification of solutions ef various substances. Besides solutions con¬ 
taining ammonium salts and urea, I have ^succeeded in nitrifying solutions of 
asparagine, milk, and rape-cake. Thus, besides ammonia, two amides, and two 
forms of albuminoids have been found susceptible of nitrification. In all cases in 
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wliicli amides oi* albuminoids were employed, tbe formation of ammonia preceded 
the production of nitric acid. 

As ammonia is so readily iiitrifiable, we may safely assert that every nitrog-en- 
ous substance which yields ammonia when acted on by the organisms present in soil 
is also nitrifiable. 

Certain Conditions having Great Influence on the Process ofNitnficatto7i,-^l£ we 
.suppose that a solution containing a nitrifiable substance is supplied^ with the 
nicrifying organism, and with the various food-constituents necessary for its growth 
.and activity, the rapidity of nitrification will depend on a variety of circumstances:— 
v(l) The degree of concentration of the solution is important. Nitrification always 
commences first in the weakest solution, and there is probably in the case of every 
solution a limit of concentration beyond which nitrification is impossible. (3) The 
temperature has great influence. Nitrification proceeds far more rapidly in summer 
than in winter. \3) The presence or absence of light is important. Nitrification 
is most rapid in darkness; and in the case of solutions, exposure to strong light 
may cause nitrification to cease altogether. (4) The presence of oxygen is of course 
essential. A thin layer of solution will nitrify sooner than a deep layer, owing to 
the larger proportion of oxygen available. The influence of depth of fluid is most 
conspicuous in the case of strong solutions. (5) The quantity of nitrifying organism, 
present has also a marked effect, A solution seeded with a very small amount of 
organism will for a long time exhibit no nitrification, the organism being (unlike 
some other bacteria) of very slow growth. A solution receiving an abundant supply 
of the ferment will exhibit speedy nitrification, and strong solutions may by this 
means be successfully nitrified, which with small seedings would prove’very refrac¬ 
tory. The speedy nitrification which occurs in soil (far more speedy than in experi¬ 
ments in solutions under any conditions yet tried) is probably owing to the great 
mass of nitrifying organism which soil contains, and to the thinness of the liquid 
layer w^hich covers the soil particles, (6) The rapidity of nitrification also depends 
cm the degree of alkalinity of the solution. Nitrification will not take place in an 
acid solution, it is essential that some base should be present with which the nitric 
aii3id may combine; when all available base is used up nitrification ceases. It ap¬ 
peared of interest to ascertain to what extent nitrification would proceed in a dilute 
solution of urine without the addition of auy siibstauce save the nitrifying ferment. 
As urea is converted into ammonium carbonate in the first stage of the action of the 
ferment, a supply of salifiable base would at first be present, but would gradually 
be consumed. The result of the experiment showed that only one-half the quantity 
of nitric acid was formed in the simple urine solution, as in similar solutions con¬ 
taining calcium and sodium carbonate. The nitrification of the urine had evidently ^ 
proceeded till the whole of the ammonium had been changed into ammonium 
citrate, and the action had then ceased. This fact is of practical importance. 
Sewage will be thoroughly nitrified only when a sufiieient supply of calcium car¬ 
bonate, or some other base, is available. If instead of calcium carbonate a sol¬ 
uble alkaline salt is present, the quantity must be small, or nitrification will be 
.seriously hindered. Sodium carbonate begins to have a retarding influence on the 
commencement of nitrification when its amount exceeds 300 miliigTammes per litre, 
and up to the present time I have been unable to produce an effective nitrification 
in solutions containing 1*000 gramme per litre. Sodium hydrogen carbonate hin¬ 
ders far less the commencement of nitrification. Ammonium carbonate, when above 
a certain amount, also prevents the commencement of nitrification. The strongest 
solution in which nitrification has at present commenced contained ammonium 
c^bonate equivalent to 308 milligrammes of nitrogen per litre. This hindrance of 
nitrification by the presence of an excess of ammonium carbonate effectually pre- 
v^ts the nitrification of strong solutions of urine, in which, as already mentioned, 
ramonium carbonate is the first pi‘oduet of fermentation. Far stronger solutions 
chlorido can be nitrified than of ammonium carbonate, if the solution 
. salt h supplied with calcium carbonate. Nitrification has in fact 

.chloride of ammonium solutions containing more than two grammes 
litre.' . , , 

* «^ of’&.e recent e^xperiments, some of the results of which we hava 
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MOW described, will, it is hoped, shortly appear in the Journal of the Chemical 
Society of London, 

3, On the Assimilation of Atmospheric Nitrogen ly Flmxts, 

By Professor W. 0. Atavatee. 

Plpts (dwarf peas) Avere cultivated in purified sand to which were added 
nutritive solutions with known quantities of nitrogen in forms of potassium and 
calcium nitrates. The amounts of nitrogen supplied in solution and seed were com- 
pared with amounts found at the end of the experiment in residual solution and! 
plants. The excess of the latter over the former must represent nitrogen acquired 
from the atmosphere. 

A number of trials Avere made, with varying degrees of concentration of the- 
nutritive solutions, wdtli different amounts of food per plant, and with larger and 
smaller supplies of nitrogen in the solution; the object being to test tlie effect of 
normal and abnormal conditions upon the acqiiisition of atmospheric nitrogen by 
the plants. In concentrated solutions, which are known to be prejudicial to* 
assimilation, the plants acquired little or no nitrogen from the air. 

In the moderately dilute solutions, however, whose concentration was such as- 
has elsewhere been found favourable to healthy growth, the nitrogen of the plants^ 
largely exceeded that supplied by nutrith^e solution and seed, and is shown by the 
folloAving figures:— 



Atmosphere’s Nitrogen Acquired by Plants 


In milligrammes per 
experiment 

In per cent, of total 
nitrogen of plants 


With smaller 
nitrogen 
ration 

With larger 
nitrogen 
ration 

With smaller 
nitrogen 
ration 

With larger 
nitrogen 
ration 

>Vith six plants, i,e. smaller 

ingm, 

mgm. 

per cent. 

per cent. 

food-.supply . 

■With three plants, 'i.g. 

8i'r 

90’2 

38-r 

38-1 

larger food-supply. 

03-2 

142*0 

60-0 

Sl'l 


That is to say, in four trials with solutions sufficiently dilute to permit norm«aI 
assimilation, the very poorly fed plants obtained over one-third, and the tolerably 
well fed ones, one-^hto, their whole nitrogen from the atmosphere. 

The plants acquired a milligramme of nitrogen from the air, for every milligramme 
taken from the solution and seed. And what is even more noticeable, not only 
where the amount of nitrogen supplied was very small did they do this, but ali> 
where it was more than twice as large. The results show very clearly that the* 
assimilation of nitrogen decreased with the concentration of the solution, and with 
the reduction of the supply of total food, or of nitrogen in the food. In other 
words, the acquisition of aerial nitrogen was greater in proportion as the conditions- 
of growth were more nearly normal. This fact is of interest in view of the cir¬ 
cumstance that the experiments upon which the belief that plants acquire little or 
no free nitrogen from the atmosphere is based, have been made under conditions 
more or less abnormal. 

, The experiments do not show whether the nitrogen acquired from the atmos¬ 
phere was combined or free nitrogen. It is, however, very difficult to believe 
that so much nitrogen could have been gathered from the nitrogen compounds,, 
^ammonia, nitrates, nitrites, &c., of the atmosphere. 
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The total combined nitrogen hrouglit to the earth annually in nieasured 
aqueous deposits—snow, rain, &c.—has been found to be only Cl2 kilos per 

hectare. - 

An acid solution and a moist, acid, porous soil have been found to absorb, for the 
period of these experiments (seventy-two days in April, May, and June), combined 
nitrogen at the rate of some 10 Irilos per hectare. The amount of nitrogen acquired 
from'the atmosphere in the one of tliese experiments, in which the conditions were 
most nearly normal, was at the rate of 137 Mlos per hectare, twice as much as the 
total nitrogen contained in grain and straw of a wheat crop oi thirty bushels, and 
more than the total nitrogen of three tons of clover hay. 


4. On some ;pomis in the Gomposiiion of Soils, with results illustrating the 
Sources of Fertility of Manitoba Prame Soils, By Sir John B. Lawes, 
Bart., and Dr. J. H. Gilbert, F.B.S, 

This paper was a continuation of one given by the authors at the meeting of 
the Ajcnerican Association, held at Montreal two years previously, entitled: 
‘^Determinations of nitrogen in the soils of some of the experimental fields at 
PiOthamsted, and the hearing of the results on the question of the sources of the 
nitrogen of our crops/ The first part of the present paper consisted of a rSsu?n6 
-of the previous one. 

It was shown that when crops were grown year after year on the same land 
without nitrogenous manure, the produce, and the yield of nitrogen, declined in a 
very marked degree. This was the case even when a full mineral manure was 
applied; and it was the case not only with cereals and with root-crops, but also 
with Legtmimsa. Purther, with this great decline in the annual yield of nitrogen 
of these very various descriptions of plant, when grown without artificial nitrogenous 
supply, there was also a marked decline in the stock of nitrogen in the soil. Thus a 
.soil-source, of at any rate some, of the nitrogen of the crops was indicated. Other 
-evidence was also adduced clearly pointing to the same conclusion. 

Next, determinations of the amounts of nitrogen as nitric acid, in soils of 
Icnown history as to manuring and cropping, and to a considerable depth, showed 
that the amount of nitrogen "in the soil in that form was much less after the 
growth of a crop than under corresponding conditions without a crop. It was 
hence concluded that nitrogen had been taken up by the plant as nitric acid. In 
the case of gramineous crops, and some others, the evidence pointed to the conclu- 
.sion that most, if not the whole, of the nitrogen was so taken up from the aoil. It 
was also clear that some, at any rate, of the nitrogen of Leguminosm had the 
.same source, and the results were in favour of the supposition that in some of the 
-cases the whole of it might he so accounted for. Still it was admitted that, in 
isome cases, this seemed very doubtful. 

The conditions and the results of a large number of new experiments were 
next described. It was found that there was very much more nitrogen as nitric 
acid, in soils and sub-soils, down to the depth of 108 inches, where leguminous 
than where gramineous plants had grown. The results pointed to the conclusion 
that under the iniiuence of leguminous growth and crop-residuo, especially in the 
-case of strong and deep-rooted plants, the conditions were more favourable for the 
development and distiibutionof the nitrifying organism; and, if this view were 
•confirmed, an important step would be gained towards the more complete explana¬ 
tion of the sources of the nitrogen of the LeguminoscB which assimilate a verjr large 
'quantity of nitrosren, inducing, as above supposed, the nitrification of the nitrogen 
-of the subsoil, which may thus become the source of the nitrogen of such crops. 
An alternative obviously was, that the plants might still take up nitrogen from the 
i^eubsoil, hht as organic nitrogen, and not as nitric acid. There was^ however, no 
^direct experimental evidence in favour of such a view, whilst some physiological 
,?#&^der^ions, wMeli were discussed, seemed to be against it. Again, results 
&at the soil and .subsoil contained less nitrogen as nitric acid after the 
of.gopd ©tops of vieia sat ha, than where the more shallow-rooted fjifolimi 
W fiiM ^0 This was further evidence that the Legumimsm took up 
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nitrogen as nitric acid; and in the expeiiments in question the deficiency of nitrie 
nitrogen in the soil and subsoil of the saliva plots, compared with the amount 
in those of the tiifolium repetis plot to the depth examined, was sufficient to 
account for a large proportion of the nitrogen estimated to be contained in the 
vicia crops. 

Other experiments were quoted which bore less directly on the point, the 
results of which were, however, accordant; and they at the "same time afforded 
illustrations of the loss of nitrogen that^ the land may sustain by fallow in a wet 
season, and therefore of the benefits arising from the ground being covered with a 
crop which takes up the nitric acid as it is produced. To conclude on this part of 
the subject, it might be considered established that much, at any rate, of the 
nitrogen of crops is derived from the stores within the soi], and that much, and 
in some cases the whole, of the nitrogen so derived, is taken up as nitrates. 

This led to the consideration of the second part of their subject, namely, the 
sources of fertility of some Manitoba Prairie soils. 

Soils from Portage la Prairie, from the Saskatchewan district, and from near 
Fort Ellice, were first examined. They proved to be about twice as rich in nitrogen 
as the average of arable soils in Great Britain, and perhaps about as rich as the 
average of the surface soil of permanent pasture land. 

Four other Manitoba soils were examined in greater detail. One was from 
Niverville, forty-four miles west of Winnipeg, the second from Brandon, the tMrd 
from Selkirk, and the fourth from Winnipeg itself. These soils showed a very- 
high percentage of nitrogen; that from Niverville nearly twice as high a percentage 
as in the first six or nine inches of ordinary arable land, and about as high as in 
the surface soil of pasture land, in Great Britain. The soil from Brandon was not 
so rich as that from Niverville; still the first twelve inches of depth was as rich as 
the first six or nine inches of good old arable lands. The soil from Selkirk 
showed an extremely high percentage of nitrogen in the first twelve inches, and in 
the second twelve inches as high a percentage as in ordinary pasture surface soil. 
Lastly, both the first and second twelve inches of the soil from Winnipeg were 
shown to be very rich in nitrogen, richer than the average of old pasture surface 
soil. 

The question arose—how far the nitrogen in these soils was susceptible of nitrifi¬ 
cation, and so of becoming easily availahk to vegetation. The soils and subsoils 
were placed in shallow dishes, covered with plates of glass, kept under proper 
conditions of temperature and moisture for specified periods, extracted from time 
to time, and the nitric acid determined in the extracts. 

The periods were never less than twenty-eight days, and sometimes more. The 
rate of nitrification declined after the third and fourth periods. There was a very 
marked increase in the rate of nitrification in the subsoils during the eighth perio'd 
compared with the seventh, there having been only as much as a tenth of a gram 
of gurden soil containing nitrifying or^anisnis added. This result was of much 
interest, affording confirmation of the view that the nitrogen of subsoils is subject 
to nitrification, if only under suitable conditions, and that the growth of deep-rooted 
plants may favour nitrification in the lower layers, 

Records show that the rich prairie soils of the North-west are competent to 
' yield large crops; but under existing conditions they certainly do not, on the 
average, yield amounts at all commensurate with their richness compared with the 
soils of Great Britain which have been under arable cultivation for centuries, That the 
rich prairie soils do not yield more produce than they do, is due partly to climate, hut 
largely to scarcity of labour, and consequent imperfect cultivation, and too luxmuant 
a growth of weeds; and until mixed agriculture, -with stock feeding, can be had 
recourse to, and local demand arises, the burning of the straw, and deficiency or 
waste of manure, are more or less inevitable, but still exhausting practices. ^ So 
long as land is cheap and labour dear some sacrifice of fei'tility is unavoidable in the 
process of bringing these virgin soils under profitable cultivation; and the only 
remedy is to be found in increase of population. Still the ’fact should not be lost 
sight of, that such practices of early settlement, however unavoidable, do involve 
serious loss of fertility* 
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A table was exliibited which showed the comparative characters, as to percent¬ 
age of nitrogen and carbon, of exhausted arable soils, of newly laid-down pasture, 
and of old pasture soils, at Kothamsted; also of some other old arable soils in 
Great Britain; of some Illinois and Manitoba prairie soils; and lastly, of some very 
rich Bussian soils. From these results there could be no doubt that a characteristic 
of a rich virgin soil, or of a permanent pasture surface soil, was a relatively high 
percentage of nitrogen and carbon. On the other hand, soils which have long been 
under arable culture are much poorer in these respects; whilst arable soils under 
conditions of known agricultural exhaustion show a very low percentage of nitrogen 
and carbon, and a low relation of carbon to nitrogen. 

In conclusion, the authors said it had been maintained by some that a soil was 
a laboratory and not a mine; but not only the facts adduced by them in this and 
former papers, but the history of ajjriculture throughout the world, so far as it was 
known, clearly showed that a fertile soil was one which had accumulated within it 
the residue of ages of previous vegetation; and that ic became infeii;ile as this 
residue was exhausted. 


5. On the Velocity of Uxjplosions in Gases. By H. B. Dixon, M.A, 

MM. Berthelot and Vieille have found that in hydrogen and oxygen, ethane 
and oxygen, and many other mixtures of gases, the ' explosive wave ’ is propa¬ 
gated with a velocity closely approximating to the mean velocity of translation 
of the gaseous products of combustion, calculated cn the assumption that all the* 
heat of the reaction is retained for the moment in the products formed. Thua 
the mean of a number of determinations with electrolytic gas gave a velocity of 
2,810 metres per second; the calculated mean velocity of the steam molecule 
formed being 2,831 metres per second. But with carbonic' oxide, exploded either 
with oxygen or nitrous oxide, the velocity of explosion was much less than the 
calculated velocity. The author has shown that steam is necessary for the bulg¬ 
ing of carbonic oxide, both with oxygen and nitrous oxide, and that as the pro¬ 
portion of steam is increased the rate of inflammation is also increased. 

Preliminaiy experiments made in a lead tube, 55 metres long and 13 mm. 
internal diameter, entirely confirmed MM. Berihelot and Yieille’s experiments with 
electrolytic gas. The velocity of the explosive wave was found to he 2,817 metres 
per second, as the mean of several closely concordant determinations at 10" 0. 

IrVith a nearly dry mixture of carbonic oxide and oxygen, the explosive wave 
was not established until the flame had traversed a distance of 700 mm. from 
the firing point. The explosive wave was found to have a velocity of rather over 
1,500 metres per second. After the explosion a fine layer of carbon was found fco 
cover the inside of the tube, showing that at the enormous temperature reached in 
the explosive wave, carbonic oxide is decomposed into its constituents. 


6. On the Golotir of Chemical Compotmds!^ 

By Professor Thos. Oabnellby, D.Sc. 

The colour of chemical compounds is conditioned by at least three circum¬ 
stances, viz.:—(1) Temperature (Ackroyd), (2) the quantity of the electronega¬ 
tive element present in a binary compound (Ackroyd), (3) the atomic weights of 
the constituent elements of the compound {Oamelley),and that in such away that, 
the colour passes or tends to pass through the following cliromatic scale:— 

Wliite or colourless Indigo Green Orange Brown 

Violet Blue Yellow Bed Black 

either by (1) rise of temperature, or (2) increase of the quantity of the electro¬ 
negative element in a binary compound, or (3) with i^ci'case of the atomic weights 
<ji the elements A, 0, &c., in the compounds Aa-B-v, B;^ By, &c., in 

3^ JPldl. UTay, (5), 18,130. 
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wMcIl It is anxf element or group of elements, whilst A, B, 0, are elements 
Monging to the same svhgrowp of Mendleljeff’s classification of the elements. 

Tables accompany the paper in illustration of the above. 

Out of 426 cases, in which the third of the above rules has been applied, there 
are but sixteen exceptions, or less than 4 per cent. 

Finally, a theoretical explanation is given, which appears to account in a very 
eimple manner for the infiuence of the above three circumstances, on the colour of 
chemical compounds. 

7. Treliminary Notes on a Blue-colouring matter found in certain wood 
undergoing decomposition in the forest. By Professor G. P. Girdwoob, 
if.!?., and J. Bemrose, F,G,S. 

The wood, the origin of these remarks, was found in numerous pieces in travel¬ 
ling through the forests, but could never be found in sucli large pieces as to be 
capable of identification, the hark being absent in all cases, and the wood moss 
grown; several knots and fragments of roots leading to the supposition (borne out 
by the microscopical characters) that it is from the balsam pine (Abies balsamea). 
All specimen.s have been found lying on the ground; never in standing trees. 

The blue-colouring matter has been observed in the junction between the heart 
wood and the sap wood; it seems to percolate or be absorbed by the sap wood 
more freely than the heart wood. It is frequently developed between the laminae 
•of the roots to such an extent that it becomes almost submetallic in lustre, like 
indigo. 

In making sections of the wood, and examining these under the microscope, the 
wood thus far has been found to possess the pitted tissue peculiar to coniferous 
trees, confirming the opinion that the tree is the balsam pine. The colour is found 
in the material within the cell, and not in the cell wall. 

We have acted on the wood with the following reagents and obtained the 
results mentioned:— 

Water ^ . .a dirty yeUow solution . leaving on evaporation a 


brown residue. 

Alcohol „ . .a pale coloured green solu¬ 
tion in time . • leaves a brown residue 

on evaporation. 

Bther ...... dirty yellow.a dirty brown residue. 

Benzol ..... a pale yellow solution. 


Petroleum Spirit . . colourless. 

Boiling White Vaselin no action. 

Melted Parana , , no action. 

CJarbolic Acid . . . dissolves out blue colour. 

Amylic Alcohol . . dark greenish blue solu¬ 
tion, being part of co¬ 
louring matter. 

Chloroform «... deep blue solution, dis¬ 
solves out the whole of 
the colouring matter. 

Wood treated successively with excess of water, HgO, alcohol, ether, 

€^H,oO, amylic alcohol, OgHigO, and then exhausted with chloroform, CHOl^. 

The cliloroform solution evaporated yielded the colour in scales with a slight 
submetallic lustre. 

Blue colour treated with HNO« sp. gr, 1'42, dissolved, and evaporated without 
change. 




„ H 3 SO 4 dissolved, precipitated on dilution. 

n 

JJ 

„ HnS 04 X reduced CrOa to Cr.Oo. 


f1 

„ . H,P 04 no change. 

ff 

fi 

„ A dissolved without apparent change. 

1884. 


T T 
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NitroLenzol . Greenish solution. 

01. Oinnam. 1 j* Green. 

I* Bissolyed, 4 

01. Amygd. J [Green, 

HHO , , decolorised to a yellowish-green solution, colour restor^^d hy 

H2SO4. 

(Nnj) 3 S. . destroyed colour, not restored by acid. 

(Sn 01^) . destroyed colour, not restored acid. 

Cl. , .no change. 

Br . . no change. 

Tiewed through spectroscope, produces an absorption of whole spectrum, but no 
absorption bands. It is possible, trom the colour apparently commencing formation 
in the sap wood, from its solubilities and insolubilities, that it may be a result of 
the decomposition of the balsam in the outer layer of the woody tissue. As soon 
as a larger supply of the wood can be obtained an inquiry into the composition 
and origin of these colours will be made. 
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Section C.—GEOLOGY. 


Peesibent oe the Section. —W. T. Beaneoeb, LL.B., P.E.S., Sec.G.S., F.jEI.G.S. 


THURSDAY, AUGUST 28. 

Tbe Peesibent delivered tlie following Address:— 

In commencing an address to tbe Geological Section of the British Association on 
the first occasion on which that body has met outside of the British Islands I feel 
much diffi-culty. Amongst the eminent geologists who have filled the post which you 
have done me the honour of calling upon me to occupy for the present year there 
are several who would have been able, from their knowledge of both European and 
American geology, to treat with authority of the many points of interest elicited by 
comparison of geological phenomena on opposite sides of the Atlantic Ocean. My 
own e.\perience has been chiefly derived from the distant continent of Asia, and I 
have not that intimate acquaintance with the geology of Europe, nor that know¬ 
ledge of the progress of geological research in America, which would justify my 
entering upon any comparison of the two continents. It has, however, occurred to 
me that amongst the questions of wide importance connected with the correlation 
of strata in distant parts of the world there is one to which some interesting con¬ 
tributions have been made by tbe work of tbe Geological Survey of India, and by 
tbe geologists of Australia aud South Africa; and tliat a short time might be 
profitably devoted to a consideration of a few remarkable exceptions to the rule 
that similarity of faunas and floras in fossxliferous formations throughout the sur¬ 
face of the world implies identity of geological age. 

It has probably occurred to other geologists hete present, as it has to myself, to 
be engaged in examining a country the geology of which was absolutely un¬ 
known, and to feel the satisfaction that'attends the first discoveiw of a character¬ 
istic fossil form. A clue is at once aflbrded to the geology of the region; one 
horizon at least is believed to be determined, and from this horizon it is possible to 
work upwards and downwards until others are found. 

It is, therefore, of especial importance to those engaged in geological exploration 
to satisfy themselves whether the conclusion is correct that identity, or close specific 
similarity, amongst fossil forms, is a proof that the beds containing them are of the 
same geological age. It has been pointed out by some of the most careful thinkers, 
and especially by Forbes and Huxley, that a species requires time to spread from 
one area to another; that, in numerous cases, a migratory specific form must 
flourish in the region to which it has migrated, after it has died out in its original 
birthplace j and that the presence of the same species in two deposits at distant 
localities may rather tend to indicate that both were not formed simultaneously. 
Huxley, as is well known, invented the term ^ homotaxis ^ to express the relations 
between such beds, and to avoid the possibly misleading expressions ^ geological syn¬ 
chronism/ and ^contemporaneous origin.’ 

Despite such cautions, however, it stiE appears to he generally assumed by 
palaeontologists that similarity between faunas and floras is evidence of tbeir belong¬ 
ing to the same geological period; that the geological age of any formation, 
whether marine, fresh-water, or subaerial, can be determined by a comparison of 
its organic remains with those of other deposits, no matter how distant, of which 

X Y 2 
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the podition in the geological sequence is ascertained: in short, that homotaxis of 
marine, fresh-water, and terrestrial forms implies geological synchronism. ^ ^ ^ 

That, as a general rule, homotaxis affords evidence that beds exhibiting it 
belong approximately to the same geological period appears supported by a large 
amount of evidence. But there are some startling exceptions. I propose to imtiee 
a few typical instances, several of them Indian, in which the system of determining 
the age of various formations by the fauna or flora has led to contradictory results, 
before attempting to show wherein the source of the error appears to lie, Nothing 
would be gained and much time would he lost hy entering^ upon the details of all 
the ep 30 S known, even if I were able to give authentic particulars, which is doubt¬ 
ful. It will be suflicient to cite some characteristic examples, concerning the 
details of which satisfactory evidence is forthcoming, 

Pike^'mi Beds ,—There are but few fossiliferoua deposits on the face of the earth 
that have attracted more attention than the Pilcermi beds of Greece. In one of the 
most classical and famous sites of the world, a few miles east of Athens, just 
where 

The mountains look on Marathon 
And Maiathon looks on the sea, 

some red, silty beds occur, abounding in vertebrate remains. Some of the bones 
were described by Wagner and others, but for a complete account of the fauna we are 
indebted to Professor Albert Gaudry, who has himself collected hy far the greater 
portion of the remains hitherto procured. The following is a list of the genera 
determined; it is unnecessary to give the specific names:— 


MAMMALIA. 

Peuta-TES.— MesopitheciiSj 1 sp. 

Oabnivoea.— SimocyoUf 1*, Miisteln, 1; PromepMtk, 1; Ictithermn, 5; 

Hymnarctus, 1 ; itymia, 1 ; JSy^nietiSf 1 ; Felisj 4; Maclimrodm^ 1. 
pROBOScmiiA.— Mastodon, 2; Dinotketdmn, 1. 

TJjs’GITLATA.— CJmUcotJieyiu7n, 1; BMnoeeros, 3; Aceroflieriim, 1; Leptodon, 1; 
IIippm*ion, 1; 8iis, 1; Camelopardalis, 1; HelladotJmiwn, 1; Orasius, 1 j 
Palmoti'agus, 1; Proh'agelaplms, 1; Pal(BOi'yx,2\ Tragocerus, 2 ; Falaoreas, 1; 
Antidoy'cas (?), 1 ; Gatdla, 1; Antilope, 3 ; Bremothmum, 2; Cervus, 1. 
Koduftia. —Mus (Acotnys), 1; JEEystnx, 1, 

Ebeittata. — AncyiotJmnum, 1. 


AVES. 

Pha^ianus, 1; Gallus, 1; Gen, gallinac, indet, 1; Grus, 1; Gen, ciconidm\ 
indet,, 1. 


EEPTILIA. 

Testudo, 1 j Vdranus, 1. 

Of mammalia alone there are known from this deposit 33 genera, of which 22 
are extinct, and 47 species. 

Now, this fauna is almost invariably in European works quoted as Miocene* Of 
the species found no less than 14—/Simocyou diaphorm, Ictitherium rdbmtmn, 
I, Mppmnonum, Bytma eximia, ILy<Bnictis gi'ceca, Mnchmodus cuUridens, Mastodon 
turicensis, Dinotherium gigantemn, Rhinoceros schlew^machm, llippmim gracUe, 
8us erymanthius, Bdladotherium duvernoyi, Tragoc&*m amaltheus, and Gasella 
dremomis—hre met with in other European deposits assigned to the Miocene 
period. It is true that one^ of these deposits at least—^that of Eppelsheim—had 
been shown on stratigraphical grounds to be much more probably Pliocene 
than Miocene, and the position of other deposits has been determined by the kind 
of aa^ment which, as I shall show, has proved misleading in the ease of Pikermi 
itself. Nevertheless so general is the consensus of opinion amongst paleontologists, 
that the beds with Bipparion at Pikermi and elsewhere are quoted as especially 
induded in the Miocene system by the Erench Committee of the International 
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Geological Congress. Amongst Englisli writers tlie Miocene age of the Pikermi 
"beds appears generally admitted, as by Mr. Wallace/ Professor Boyd Dawkins/ 
Mr. E. T. Newton/ and many others. Professor Gaudry himself is much more 
cautious; he classes the fauna as intermediate between Pliocene and Miocene, and 
only relegates it to Upper Miocene because that is the position assigned by other 
palaeontologists to beds containing remains of Hipparion, However, in his 
subsequent works Professor Gaudry has classed the Pikermi fauna as Miocene. 

Now, the lowest of the beds with the vertebrate fauna at Pikermi v/erc by 
Professor Gaudry himself found to be interstratified with a band of grey conglo¬ 
merate containing four characteristic marine Pliocene mollusca— Pecten henedictuSy 
Lam,; Bpondylus gcederopus, L.; Ostrea Brocchi; and O, undata 

It should he remembered that the Pliocene fauna of the Mediterranean area is 
the richest and most typical in Europe, and is as well known as any geological 
fauna in the world. It should also be remembered that the Pliocene beds are weE 
developed in Greece at other localities besides Pikermi. Professor Gaudry especially 
points out that the vertebrate remains, supposed to he those of Miocene animals, are 
deposited in a stratum overlying a marine bed of undoubted Pliocene age, and he 
proposes the following hypothesis to account for the presence of Miocene fossils in a 
Pliocene stratum. The remains found at Pikermi are, he thinks, those of animals that 
inhabited the extensive plains which in Miocene times extended over a considerable 
proportion of the area now occupied by the Eastern Mediterranean, and which 
united Greece to Asia; the plains were broken up by the dislocations that took 
place at the close of the Miocene period, and the animals escaped to the mountains, 
where they died for want of space and of food. Their bones were subsequently 
washed down by the streams from the hiUs and buried in the Pliocene deposits of 
Pikermi. 

Professor Gaudry endently has no very profound faith in this hypotbp'^is, and 
it is unnecessary to refute it at length. One fact is sufficient to show that it is 
untenable. However sudden may have been the cataclysm that is supposed to 
have broken up the Miocene plains of Attica, a very long period, measured in 
years, must have elapsed before the Pliocene marine fauna could have established 
itself. Now, the bones of mammals exposed ^on the surface decay rapidly; the 
teeth break up, the bones become brittle. It is doubtful if bones that had been 
exposed for only five or six years would be washed down by a stream wfithout 
"being broken into fragments; the teeth especially would split to pieces. The con¬ 
dition of the Pikermi fossils proves, I think, that they must have been buried very 
soon after the animals died, that they were not exposed on the surface for any 
length of time, and that they could not have been washed out of an earlier forma¬ 
tion, and it appears to me incredible that the Pikermi mammals were not 
contemporary with the Pliocene mollusca that occur in the same beds. In short, 
I cannot but conclude that the Pilvermi mammals were Pliocene and not 
Miocene. 

This view is entirely in accordance with the opinions of Theodor Puchs.^ He 
has given a good account of the geology of various places in Greece, and amongst 
others of Pikermi. lie found, again, the conglomerate with Pliocene marine mollusca 
interstratified with the basal portion of the mammaliferous beds, and he concludes ® 
that not only is it clear that these mammaliferous beds are of Pliocene age, hut 
that a comparison of their geological portion with that of the marine strata of 
the Pirceus proves that the Pikermi beds occupy a very high position in the Pliocene, 
and are probably the Mghest portion of the system as developed in the 
neighbourhood. 

Euchs also shows that the principal Pliocene mammaliferous beds are of later date 
than the typical Pliocene (Subapennine) bed^ of Italy, and that some mammalia 
found associated with the latter comprise forms identical with those of the Pikermi 

' Geographical PietriMtion of Animals^ i. p. 115. 

2 Q. J, G. B, 1880, p. 389. 

* 9. /. G. S. 1884, pp. 284, 287, &c. 

* Bendmhr, JST, Acad, Wm, IVien, 1877, xxxvii. 2« Abth, . a 

* Z, c, p. 30. 
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beds. In subsequent papers on tbe age of the beds containing Mipparion the same 
writer shows reasons for classing these-strata in Italy, Frpce (Yaucliise), and 
Germany as intermediate between Miocene and Pliocene. This leaves the difticulty 
unsolved, for be had shown the Pikermi beds to be high in the Pliocene system. 
They rest unconformably upon certain fresh-water limestones, clays, &c., contain¬ 
ing plants and mollusca, and classed by Gaudry as Miocene, but by Fuchs as 
Pliocene. Thus by both writers the mammaliferous beds of Pikermi aro referred 
to a considerably later geological horizon than those containing identical species in 
other parts of Europe. 

It would require too much time to enter into the still more difficult question of 
the various plant-bearing beds in different parts of Europe and in Greenland con¬ 
taining a flora classed by Heer and othem as Miocene. Gardner has given reasons 
for considering the Greenland beds Eocene; Fuchs, as just stated, is of opinion that 
the Greek beds are Pliocene. One point should be noted, that the more northern 
flora is considered older than the more southern, and it will be remarked that the 
same observation applies to the supposed Upper Miocene fauna of France and Ger¬ 
many and the Pikermi fauna of Greece. 

Smalik. —The next instance which I shall describe is another of the most im¬ 
portant fossil mammalian faunas of the Old World, that found in the Upper Tertiaiy 
beds that fringe the Himalayas on the south. The name applied to this fauna is 
taken from one of the localities in which it was first found, the Siwalik (correctly, 
I believe, Shib-wffia) hills, between the Deyra Dun and the plains north by east 
of Delhi. Bones of Siwalik mammalia are found, however, throughout a consider¬ 
able area of the northern Punjab. 

The Siwalik fauna has been worked out, chiefly by Falconer and Lydekker, the 
last-named being still engaged in describing the species* The following is a list of 
the genera found in the true Siwalik beds ^ 

MAMMALIA. 

Privates.— Ma(ia(ms,2\ Semnopithecusjl', Oynooephalu8f^, 

Caritivoba.— Mmtela, 1 ; MeUivoraj 2; Melliwrodon^ 1; Lufra, 3 ; Hymio- 
don, 1 ; _ JJrsus, 1 ; jiycsnaretm, 3 ; Canis, 2 ; Vtverra, 2 ; Mycma, 4 ; 
Hyemictis^ 1 ; Zeptliyc^na, 1 ; jEluropm, 1 ; JEhiroyale, 1 ; Felts, 5 ; 
Machcerodus, 2. 

Proboscidba.— Blephas, 6 {Buelephas, 1 ; Loxodon, 1 ; Stegodoti, 4); Mastodon, 5. 

UeguIiATA.— OJiaUcotherium, 1 ; Rhinoceros, 3 ; Fquus, 1; jUpparion, 2; 
Hippopotamus, 1; Tetraeonodon, 1; Sus, 6; Bippohyiis, 1; Sanithenmn, 1 j 
Merycopotamm, 1; Cerms, 3; Dorcatherimn, 2 ; Trayulm, 1; Mosclms, 1; 
Fropalmomeryx, 1; Camelopardalis, 1; JSelladothenum, 1; Hydaspitlmdum, 2; 
Bivatherium, 1; Ahelaplms, 1; Gazella, 1; Antilope, 2; Orcas (?), 1; 
FaliBoryx (?), 1; Fortax, 1; Hemibos, 3; Leptohos, 1; Buhalus, 2 ; Bison, 1; 
Bos, 3; Buoapjm, 1; Capra, 2; Ovis, 1; Camelus, 1. 

Eodentia. — Mus {Nesohic^, 1 ; Rhisomys, 1 ; Hystrix, 1 ; Zepiis, 1 , 

AYES. 

Craeulus, 1 ; Felecanus, 2 ; Zeptoptila, 1 ; Gen. non. dot, eiconid., 1 ; Mergus, 1 ; 
BtrutMo, 1 ; JDroTnceus, 1 ; Gen. non. det struth, 1 , 

EEPTILIA. 

CroCOBIxxa.— Crocodilus, 1; Gharialis, 3. 

Lacertilia.-—1. 

Ohelokea.— Cohssochelys, 1; Testudo, 1; Bellia, 2 ; Bamonia, 1; Emys, 1 j 
: Cautleya, 1 ; Fangshura, 1 ; JSmyda, 1; Trionyx, h 

' Xjfdekker, J. A. S. B. 1880, pt. 2, p, 34; FaJceontohyia InMoa, ser. x. vols. i. ii, 
m.; Geol. Bwv. Fi&ia, ^83, p. 81. I am indebted to Mr* Lydekker for some 

impubBshM actions, and for aid in compiling both the SiwaHk and Pikermi lists. 
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PISCES. 

Bagarius, 1. 

Now, until within the last few years, this fauna was classed as Miocene hy 
European palseontologists as unhesitatingly as the Pikermi fauna still is, and in the 
majority of European geological works, despite the unanimous opinion of all the 
geologists who are acquainted with the sub-Himalayan beds, the Siwalik fauna is 
still called Miocene. The geologists of the Indian Survey, however, class the 
fossiliferous Siwaliks as Pliocene, on both geological and biological grounds. With 
regard to the latter not only does the fauna comprise a large number of existing 
genera of mammals, such as Macacus, Semnopithecus, Ursus. Elephas (Euelephas)f 
EquuBj Hippopotamus, Camelopa)*dali8, Bos, Hystrix, Mus, and especially Mdli- 
mra^ Meles, Capra, Ovis, Camelus, and Rhizomys, but three out of six or seven 
clearly determined species of reptiles, viz.— Crocodilus palustns, Ghanalisgangeticus, 
and RangsJmra tectum —are living forms now inhabiting Northern India, whilst all 
the known land and fresh-water mollusca, with 6ne possible exception, are recent 
species. 

These data, however, although very important and very cogent, bel6ng to a 
class of facts that have led, I believe, in other cases to erroneous cpn^lufiops. The 
geological evidence is far more satisfactory, and it is not liable to the same 
objection. 

The whole Siwalik .fauna, as given above, has been obtained' fh)m the upper 
beds of a great sequence or system. Beneath the fossiliferous strata at the base of 
the North-West Himalaya there is an immense thickness, amounting in places to 
many thousands of feet, of sandstones, clays, and other beds, from none of whicE 
recognisable fossils have been procured. The first beds of known age that are 
met with below the mammaliferous Siwaliks are marine rocks belonging to the 
Eocene system. 

But as we pass from the Himalayas to the south-west, along the western 
frontier of India in the Punjab, and onwards to the south in Sind, the same Siwalik 
system can be traced almost without interruption, and in the last-named country 
the lower unfossUiferous strata become intercalated with fossiliferous beds. In Smd 
the upper Siwaliks no longer yield any vertebrate remains that can be identified, but 
far below the horizon of the Siwalik fauna a few bones have been found, and the 
following mammals have been identified:—^ 

Oabnivoka .—Ampliicyon palceindicus. 

Probosoidea. — Mastodon latidens, M, padmensis, M. fahoneri, M, pcmdioniSf 
M» angmtidens, Dimthenmn mdicu7n, JD. sindiense, JD, pentepotamice* 

IJiffOTTLATA .—Wdnoceros sivalensis, vm\ intennedius, Aee7*othermm perimmse, 
A, Uanfordi, Bus hysudrims, Hyotheriwm smdiense, Anthracothearium 

> dlistreme, A* hyopotamoides, Hyopotamm paltdndims, H. giganteus, Hemi- 
meryx hlanfordi, Bivameryx sindi&nsis, Agrioohcsrus sp*, Horcatherium majus, 
H* minus, 

EnEErTATA.---ifefaww (?) sindiensis. 

Although about one-third of the species above named have been found also in 
the upper Siwalik beds of the Punjab, it is unnecessary to point out in detail why 
the lower Siwalik fauna is clearly by far the older of the two. The absence of 
such living genera as Blephas, Bos, Hgmis, &c., and the presence of so many 
typically Middle Tertiary forms, such as JDimthermm, Anthracotherium, and 
Hyopotamas, shows a great change. The mollusca tell the same tale. All the 
forms known from the upper Siwaliks, with one exception, are recent species of 
land and fresh-water shells now living in the area. Of seven fresh-water 
mollusea® found associated with the lower Siwaliks none appears to be identical 
with any living species, and only two are allied, one closely, the other more 
remotely, to forms now met with in Burma 30*^ of longitude further east. 

* Fah Ind, ser. x.; Bee, GeoL Stm\ Ind, 1883. pp. 82, &o. 

* Mem, Geol. Bure, Ind, voL xx. pt, 2, p. 129. 
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Before proceeding* with the argument it is as well to call attention to the very 
important fact just mentioned. It has been asserted over and over again that 
species of mammalia are peculiarly short-lived, far more so than tlioae of imlhimu 
In this case, so far as the evidence extends at present, one-third of the species 
of mammalia smwived the changes that took place, whereas not a single mollusk 
is found both in the upper and lower Siwaliks. It should bo remembered that 
the recent molluscan river fauna of this part of India is very poor in species, 
and that we probably know a considerable proportion of that existing in Siwalik 
times. 

The geological age of the lower Siwalik beds of Sind is shown by their passing 
downwards into marine fossiliferous beds, Imown the Gaj group, of Miocene 
age, the following being the section of Tertiary strata exposed in the hills west of 
the Indus;— 

Ft. 

(Upper , .5,000 unfossiliferous . . , Pliocene 
Siwalik or Makchab Lower . 3,000 to 3,000 fossiliferous , Upper iMioccne oi 
I Lower lliocono 


Gaj , 
Naei 


r upper 
\ Lower 


1,000 to 1,500 fossiliferous . Miocene 
4,000 to 6,000 unfossiliferons. Lower ]Miocena 
100 to 1,500 fossiliferous . Oligocenc 


Khiethar 


/Upper . 
\ Lower . 


500 to 3,000 fossiliferous 
6,000 fossilifeious . 


•J 


JEoceno 


Clearly the lower Siwaliks of Sind cannot he older than Upper Miocene; there¬ 
fore the Upper Siwaliks, which are shown by both biological and geological 
evidence to he of much later date, must he Pliocene. 

Qondiodna System of India .—In the peninsula of India there is a remarkable 
deficiency of marine formations. Except in the neighbourhood of the coast or 
of the Indus valley there is, with one exception (some cretaceous rocks in the 
Nerhudda valley), not a single marine deposit known south of the great Qangetic 
plain. But in Bengal and Central India, over extensive tracts of country, a great 
sequence of fresh-water beds, probably of fluviatile origin, is found, to which the 
name of Gondwana System has been applied. The uppermost beds of this system, 
in Cutch to the westward, and near the mouth of the Godavari to the eastward, 
are interstratified with marine beds containing fossils of the highest Jurassic 
(Portlandian and Tithonian) types. 

^ The Gondwana system is a true system in the sense that all the series com¬ 
prised are closely connected with each other by both biological and physical 
characters, but it represents in all probability a much longer period of geological 
time than do any of the typical European svstems. The highest members, as 
already stated, are interstratified with marine beds containing uppermost Jurassic 
fossils. The age of the lowest members is less definitely determined, and has 
been by different writem classed in various series from Middle Carboniferous to 
Middle Jurassic. The Gondwana beds from top to bottom are of unusual interest 
on account of the extraordinary conflict of palceontological evidence that they 
present. 

The subdivisions of the Gondwana system are numerous, and in tlie upper 
portions especially the Series and stages are different in almost every tract where 
the rocks are found. The following are the subdivisions of most importance on 
account of their fauna and flora, or of their geological relations;— 


{ Dutch and Jabalpur 
Kota-Maleri 
BS.jmah^l 


Lower Gondwana . 


'Panohet 
Bamuda . , 

{ Karharb5.ri 
TMchir 


rBdniganj and Ktothi 
bBar^kar 
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The upper Goudwanas, where best developed, attain a thickness of 11,000 feet,,, 
and the lower of 13,000 ft. 

The Talchir and Bar^iar subdivisions are far more generally present than any' 
of the others. 

Takhir ,—The Talchir beds consist of fine silty shales and fine soft sandstone*. 
Very few fossils have been found in them, and these few recur almost without 
exception in the Karharbari stage. Tbe Talchirs are principally remarkable for the- 

n rent occurrence of large boulders, cbiefiy of metamorphic rocks. These- 
ders are sometimes of great size, 6 feet or more across, 3 to 4 feet being a* 
common diameter; all are rounded, and they are generally embedded in fine' 
silt. 

KarharMri .—^The Karharbaii beds are found in but few localities. They 
contain some coal-seams, and the following plants have been met with:—^ 

OoNTFURJE.— Eu7'yphyUumi 1 sp. ; Voltda, 1; Albert kif 1 ; Samaropsis, 1. 
OrCADEACEiE. — Glossozamites^ 1; Noeggei^athiopsis, 1. 

PiLTCES.— Neuropteris, 1; Glossopteris, 4; Ganga7no‘pteriSf 4; Sageno^ 
pteris, 1. 

EaxriSETACEiE.— Schkoneu7'a, 2 ; FerieSram, 1. 

The most abundant form is a Gangamo^teins. Tbe Voltzia (F. hetei'ophjlla^ 
is a characteristic Lower Triassic fBunter) form in Europe. The Eem^opteiie and 
Alhertia are also nearly related to Lower Triassic forms. The species of Ga7\gamo*- 
pteris^ Glossopteiisy Ve^'tehrwiay and Noeggeratkiopsis are allied to forms found m 
Australian strata. 

JDarmida ,—^The Damuda series consists of sandstones and shales with coal¬ 
beds ; tbe floras of the difierent subdivisions present but few difierences, and the* 
following is tbe list of plants found:—® 

CoNiFERiE.— MMpidopm, 1 sp. ; Volfzia, 1; Saonaropsk, 1 j CychpitySy 1, 
OYCABEACBiE. —Pterophylluviy 2 5 AmmozamiteSy 1; Efoeggerathiopmy 3. 
Eilices. —Bphmopterisy 1; Biolcsoniay 1; AletlioptmnSy 4; PecopteinSf If, 
MeriampteriSy 1 j Macrotcenioptei^iSy 2; TalceovittaiHa, I 5 A7figiopteridi7m,^2\, 
Gloesoptet'is, 19; Gangamopteris, 7; Bekrwnopte^'iey 1; AntlirophT/opek^ I 5 . 
JDictyopteridimUy 1; Sage770pterisy 4; Actmopteiis, 1. 

EdTlISEIACE-E .—Schizoneuray 1 ; Fhyllothecay 3; Trizygia^ 1 ; Verieh7W'iaj !►. 

The only remains of animals hitherto recorded are an Esthei’ia and two- 
Labyrinthodonts, Brachyops laticeps and an undescribed form formerly referred to 
Arehegosa7L7nis, The only European genus allied to Bi'acliyops is of Oolitic age. 

The most abundant of the above-named fossils are Glossopteins and Vet'teh*a7ia^ 
With tbe exception of ISfoeggei^athiopm all the cycads and conifers are of excessive 
rarity. More than one-half of the species known are ferns with simple undivided 
fronds and anastomosing venation. 

For many years European palaeontologists generally classed this flora as 
Jurassic.® This was the view accepted by De Ziguo and Schimper, and, 
though with more hesitation, by Biinbury. The species of FhyUofheca^ Ale-- 
thopteris^ (or Tecopteris), and Glossopte7ns (allied to Bagenop^tmi) were considered 
to exhibit marked Jurassic affinities. It was generally admitted that the B^uda 
flora resembles that of tbe Australian coal-measures (to which I shall’ refer 
presently) more than it does that from any known European formation; but tbe 
Australian plants were also classed as Jurassic. There is no reason for supposing 
that the more recent discoveries of Bamuda plants would have modified this view; 
tbe identification of such forms as true Sagenopteris and tbe cycads Fterophyllmn 
and Amimzamtes would assuredly have been held to confirm tbe Jurassic age of 

* Feistmantel, FmlceonUlogia Indica^ ser. ziL voh iii. 

* Pal Ind. ser. ii. xi. xii. vol. iii. 

• Be Zigno, Pkra Po$nlu Form, Dot, pp, 60,63 ; Scbimper, Traiti de PaUontohgie> 
YigMale^ i. p, 64;6; Bunbury, Q, J, (?, 8* 1861, xvii. p. 360. 
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the beds. So far as European fossil plants are concerned, the Damiida flora re¬ 
sembles that of the middle or lower Jurasaics more than any other. 

One form, it is true, the Sell ko^ieura, is closely allied t o S. panuh i a from the Bun tor 
or lower Trias of Europe. Other plants have llhoetic ahinities. But the connections 
with the Tiiassic flora do not seem nearly equal to tliose shown with Jurassic 
plants, and the reason that the Damuda flora has been classed as probably Triassic 
must be sought in the impossibility of considering it newer,^ if the next overlying 
^tage is classed as Upper Trias or Rlifetic, and in tho close aflhiity with the 
underlying Karharbari beds, which contain several Lower Triassic types. 

Fanchet .—^The uppermost series of the lower Gondwanas consists chiefly of 
sandstone, and fossils are rare. The most interesting are remains of Reptilia 
nnd Amphibia. The following is a list of the fossil animals and plants corrected 
to the present time:— 


ANIMALS. 

REPTILIA. 

Dixos lUEiA.— Anmfrodon, 1 sp. 

BiciisroDOiirTiA. —Bicynodon {iHycJiognathis)^ 2. 

AMPinBIA. 

Li-BTEUTTHODONm.— Gqnioghjptm,il] Glyptognathus^ Ij Fachygoniafl^ 


Bstheria, 1, 


OPtUSTAOEA. 


PLANTS. 

Oonifeej:.— Samnropsis^ 1 . 

Filices. —FecoptmSj 1; Qyolqpfterk^ 1 j Thimifeldla, 1; Oleandridhm, 1 j 
Glossopiteris, 3 , 

Eqttisei4CEje3.— Sckhoneura, 1. 


The Schhoneura and the tliree species of Glossoptem are considered the same 
ns Damuda forms. But with them are found two European Rhoetic species, 
Fecopteiis conewma and Cyolopteids pachyrachis. The Oleandridiu7n is also closely 
allied to a European RhEetic form, and may be identical. The flora may thus be 
classed as typically Rhsetic. 

All the genera of Labyidntliodonts named are peculiar; their nearest European 
uliies are chiefly Triassic. Bicymdonfia are only known with certainty from India 
and South Africa, but some forms believed to be nearly allied have been described 
from the Ural mountains.'-* Tho Ural fossils were obtained from rocks now referred 
to the Permian.® 

Upper Gondwdnas .—^The different series of the lower Gondwanas are found in 
the same area, resting one upon the other, so that the sequence is determined 
geologically. This is not the case with the upper Gondwana groups; their 
most fossiliferous representatives are found in diflerent parts of the country, and 
the relations to each^ other are mainly inferred from palmobotanical data. 
Although, therefore, it is probable that the Rajmahals are older than the Cutch and 
Jabalpur beds, and that the Kota-Maleri strata are of intermediate age, it is quhe 
pssible that two or more of these series may have been contemporaneously formed 
in regions with a diflerent flora. 

Rdjmnhdi .—^The comparatively rich flora of the lowest upper GondwSna series 
is contained in beds interstratifled with basaltic lava-flows ot the fl^ssure-eruption 
type. The following are the genera ^ of plants found 


* Feistmantel, Fal. Ind. set. xii. vol. iii. pp. 67,129, &c. 
» Huxley, q. J. G. S. xxvi. p. 48. 

» Twelvetrees, Q. J. G. S, zxxviii. p. 600. 

^ Pat Ind. ser, ii ; Feistmantel, Iteo, G. S. I ix. p, 39. 
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OoNiFERiE.— Falissya^ 3 sp. 5 CunnmgJmmiteSy 1 ; Chwolepis, 2 5 AraucanteSf 1 ; 

EchinostrobiiSj 1. 

CrOADBACExE. — Fterophyllum, 9; PfMopJiyllum, 1; Otozamites,^'^ Zamites^ 1; 

DictyozamiteSf 1; CycaditeSf 2; WiUimmonia^ 2 ; Cycadinoearpus^ 1, 

Filioes.— Ereynopteris, 2 ; Davcdlioides, 1; DichBonia^ 1; HyinenophyHites, 1; 

Oylopteris, 1; Thinnfeldia, 1; Gleichenia, 1; Alethopteris, 1; Asplenites, i ; 

Feoopteiis, 1 ; Maorotmniopteris, 4 ; Angiopteridlmn, 3 ; Eancaopsis, 1 j 

MMzomopteids, 1 . 

EctiJisETACEiE.— Equisehm, 1* 

Tlie marked cliange from the lower Gondwana floras is Yisible at a glance ; not 
a single species is common to both, most of the genera are distinct, and the 
difierence is even greater when the commonest plants are compared. In the lower 
Gondwanas the prevalent forms are Equisetacece and ferns of the Glossopteris type, 
whilst in the Rajmahal flora cycads are by far more abundant than any other 
plants. The whole assemblage, moreover, is more nearly allied than are any of 
those in the lower Gondwana beds to European Mesozoic floras. 

Of the Rajmahal plants ^ about fifteen are allied to Ehsetic European forms, 
three to Liassic or Lower Jurassic (two of these having also Ehmtic affinities), and 
six to Middle Jurassic (two having Ehsetic relations as well). The flora must there¬ 
fore as a whole on purely palasontological grounds be classed as Ehsetic. 

Kota’^Mcderi. —^The deposits belonging to this series are found in the Godavari 
valley at a considerable distance from the Eajmahal hills in Bengal, the locality 
for the Eajmahal flora. Both Eajmahal and Kota-Maleri beds overlie rocks of 
the Damuda series. It is not quite clear whether the Kota beds, which contain 
fish, insects, and crustaceans, and the Maleri beds, in which remains of fish, 
reptiles, and plants are found, are interstratified, or whether the Kota beds overlie 
those of Maleri. That the two are closely connected is generally admitted. 

From the Maleri beds the following remains have been recorded:— 

ANIMALS. 

Eettixia.— ELyperodapedon, 1; Farasuclms, 1. 

Pmsss^.-^Ceratodus, 3. 


PLANTS. 

OoNiFERiE.— Falissya^, 2; Cliirohpis, 1; Araucarites, 1. 

CYCADEACEiE.— Ftilophyllum, 1 5 Cycadites, 1. 

Filioes.— Angiopteridium, 1. 

From the Kota fresh-water limestone 9 species of ganoid fish—viz. 6 of 
LepidotTis, 3 of TetragomlepiSf and 1 of Dapedim —have been described. An 
Estheria, a Candom, and some insects have also been found. The fish ® are Liassic 
forms. 

Thereptilia of the Maleri beds are, on the other hand, Triassic,® and closely 
allied to Keuper forms. Ceraiodtis is chiefly Triassic (Keuper and Bhietic). The 
plants show relations with both the Eajmahal and Jabalpur floras, and, as the 
palasontological relations to beds in the same country are considered far higher in 
importance than those to deposits in distant regions, the Eota-Maleri beds are 
classed as intermediate between the Eajmahal and Jabalpur epochs. 

Cidc/i md Jabalpur. —Jabalpur beds are found in Central India to the south 
of the Nerbudda valley, and form tbe highest true Gondwana beds. The Outch 
beds, as already mentioned, are found interstratified with marine deposits of 

* Feistmantel, FaL Tnd. set, ii. pp, 143,187; Mmml Geol. Xn,d. p. 145. 

® Fal. Ind. ser. iv. pt. 2. 
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uppermost Jurassic age far to tlie westward, a little east of tlie moutLs of the 
river Indus. The similarity of the plant-remains in the two series has caused 
them to he classed together, hut it is not certain that they are really of contem¬ 
poraneous origin. 

The following is a list of the Jabalpur plants:—^ 

CoNiEERiE.—2 ; Araucarites, 1; Uohmostrohas, 2; JBmcJiypItyUimij 1 • 
Tax'iteSf 1; Gingko^ 1; Pkoe^iicopsiSj 1 ; CzeJcanoioshia^ 1, 

CYCXJ)BkCB:R.--Pterophjlhwi, 1; J^tilophjllim, 2 ; PodozamiteSj 3; Otozamitesj 4 5 
Willmmonia, 1; Cycadites^ . 

Filices.— S}fhmopte 7 'iSj 1; Dicksonia^ 1; Ahtliop>teriSj 3; iliT ^crotcBuiopiarUj 1 5 
GlossopUi'iSj 1; Sagenoptem^ 1. 

Of these thirty species nine are regarded either as identical with forms found in 
the Middle Jurassic (Lower Oolitic) of England or as closely allied. 

The Cutch plants belong to the following genera:—^ 

CoifiPEiLaE.— Falissya, 3 sp.; JPachypliyllmn, 1 ; EcldnostyoljuSf 1; Arau-- 
carites, 1. 

Cycadeaoejd.— Ptilophyllmn, 3 j OtozamiteSj 3 ; Cycadites, 1; WilliamBoniHi 1; 
CycadolepiSf 1* ^ 

Filices. — Oleandndmn, 1 \ Temiopteris, 1; Alethopterisj 1; Eecoptms^ Ij. 
Fachypteris, 2 ; Aciinopteris^ 1, 

Of the twenty-two species enumerated four are identified with specific form^ 
found in the Middle Jurassic of Yoi'tshire, and seven others are closely allied. 
The Outch and Jabalpur beds, in short, are intimately related with European fossil 
lioras. 

One interesting fact should be mentioned. The Outch flora occurs in the upper 
part of the Umia beds, the lower beds of which contain aephalopoda of Portlandian 
and Tithonian forms. In a lower subdivision of the Outch Jurassic rocks, the 
Katrol group, shown by numerous Ammonites to be allied to Kimmeridge and upper 
Oxford beds of Western Europe, four species of plants have been found, of which 
three are met with in the Umia beds, and the fourth, an English oolitic form, in the 
Jabalpur series. This evidence seems in favour of the view that the flora under¬ 
went change more slowly than the marine fauna. 

It will he as well, before leaving the subject of the Gondwana groups, to show 
in a tabular form the geological age assigned to the flora and fauna of each 
separately, on the evidence afforded by comparison with the plants and animals 
known from European formations. 




Plants 

Aninuils 


f Cutch 

Middle Jurassic 

Uppermost Jurassic 
? Neocom ian (marine) 

Upper 

Oondw^na 

Jabalpur. 

Middle Jura.sslc 

— 

Kota 

— 

TjowcrJurassic(Lias&ic) 

Triassic 

Malcri 

Middle or Lower 
Jurassic 


1 Bdjmahdl 

Rhsetic . 


Lower 

Gondwina 

f Fanchet . 

Bbaatio . 

Triasslc or Permian 

Uamuda . 

Middle Jurassic 

Middle Jurassic ? 

[ Karharbdri, Talchir. 

Lower Triassxc 

— 


Flkmiof —Quite recently M, Zeiller has described a series of plants 

^ PaL Xnd, ser. xi. pt 2. * Pat Xnd. set. xi. pt. X. 
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from some coal-’bearint^ beds in Tonq^uin.^ Tliis flora is very extraordinary in every 
respect. It consists of 22 species, and contains only two peculiar forms; ten, or 
nearly one-balf, are European species found in the lower Lias or Rhmtic; whilst of tbe 
remaining ten, five are Lamuda forms —Koeggerathiopsis hislopi, MacrotcmiopUria 
feddenij Falmvittana hurzi, Glossopteris hrovmiana^ and Phyllotheca indica^ one 
species being common to the Newcastle beds and Carboniferous flora of Australia, and 
two others closely allied to the forms there occurring. Tbe other five are said to be 
Eajmahal forms, four Tconiopt&ina or Angiopteridium and an Otozamites. M. Zeiller 
imhesitatingly classes the Tonquin beds as Ehsetic. It is most singular that these 
coal-beds, although more distant from Europe by 18® of lon^tude than either the 
Eamuda or Eajmahal beds of India, contain a larger proportion of European fossil 
species than any known Indian plant-beds j whilst the association in the same strata 
of upper and lower Gondwana forms, if well ascertained, shows how hopeless is 
the attempt to classify these deposits by plant evidence alone. 

Australian Coal-Measures and Associated Beds .—^In the notice of the lower 
Gondwana floras of India it was observed that there was a great resemblance 
between some of them and those found in certain beds of Australia. These latter 
present even a more remarkable instance of homotaxial perversity than do the 
Indian rocks. The Australian plant-bearing beds are found in Eastern and 
Southern Australia, Queensland, and Tasmania. For a knowledge of the geology 
of the country we are chiefly indebted to tbe writings of the late Mr. ClarieJ” 
whilst tbe flora bas been worked out by McCoy, Dana, Canaithers, and Feistmantei, 
the last having recently published a much more complete account than was 
previously available.® 

The following are the fresh-water or subaerial beds of Australia, according 
to the latest classification:— 

6. Clarence Eiver beds, New South Wales (I\Iesozoic carbonaceous of 
Queensland, Victoria, and Tasmania.) 

Wianamatta beds, N.S. Wales. 

4. Hawkesbury beds, N.S. Wales (Bacchus Marsh sandstones, Victoria). 

Newcastle beds, N.S. Wales. 

2. IjQwer Coal-Measures with marine layers interstratified, N.S. Wales. 

1. Lower Carboniferous beds, N.S. Wales. r 

To a still lower horizon probably belong some beds in Queensland, containing 
Zepidodendron notkum and Cyclostigma. They are considered Devonian by 
Oarruthers, and there are some ancient plant-beds in Victoria that may be of the 
same period. 

1, Lomr Carhoniferom Beds .—^These underlie the beds with a Carboniferous 
marine fauna. The localities given are Smithes Creek, near Stroud, Port Stephens, 
and Arowa. The following plants are enumerated:— 

LYCOPOniACEiE.— Cydostigma, 1 sp.; Zepidodendron^ 2 or 3; Knorria^ I. 

Filices.— B.hacopteriSy 4; ArchmpienSj 2 (?); Glossopteris j 1. 

EaniSETACM.— Calamites^ Sph&nophyllum, 1. 

This flora contains several species identical with those in the Lower Carboniferous 
(Bernician) of Europe, corresponding to the Mountain Limestone. The agreement 
both in homotaxis and position is the more remarkable because of the startling 
contrast in the next stage. The only peculiarity is the presence of a Glossopteris, 
This comes from a different locality—Arowa^—^from most of the fossils, and the 
species is identical with one found in a much higher series. Under these circum¬ 
stances it is impossible to feel satisfied that the specimen was really from this 
horizon. The evidence is not so clear as is desirable. 

* Bull See, Ghl. ser. iii. voh xi, p, 456. 

® G, S* 1861, p. 354, and Bemarh on the Sedimentary Formations of Few 
Sotiih Wales^ 1878, besides numerous other works. 

® PalceontogmpHca.---Fal u. mes. flora de$ Austrdlien 1878-79. 
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2. Loioer Coal-Measures with Marine Beds, —The following plants art 
recorded:— 

Ctcaphaceje. — NoeggeratUojpsis, 1 sp. 

Filioes .—GlossojotertSf 4. 

Eqeisetacbje.— A7inularia, 1 j Phyllotheca^ 1. 

In the Tnaiine beds, which axe interstratified, are found Lower Oarhoniferoui? 
(Mountain Limestone) marine fossils in abundance, such as Orthoeera% Bjpirifery 
Fenesfella^ Conularia, &c. The plants belong to forms declared to be typically 
Jurassic by palseontologists. As the interstratification of the marine and plant¬ 
bearing beds has been repeatedly questioned by palaeontologists, it is necessary to 
point out that the geological evidence brought forwpd by Mr. Clarke is of the 
clearest and most convincing character, that this evidence has been confirmed by 
all the geologists who are acquainted with the country, and has only been doubted 
by those who have never been near the place. 

3. Newcastle Beds, —By all previous observers in the field these had been imilod 
to the preceding and the fiora declared to be the same. Br. Feistmantel has, how¬ 
ever, pointed out important differences. Unfortunately, as he has been unable to 
examine the beds, it still remains uncertain whether the distinction, which has been 
overlooked by all the field geologists, is quite so great as it appears from the lists 
of fossils given. The following is the flora 

OoiJiPEBX.— BracliypJiylhim^ 1 sp. 

CxCAEEACEiE.— Zeugoj^iylUtes, 1; NoeggeratMopsis^ 3. 

Filices.— Sphenopteris, 4 ; Glossopteris, 8; Ga^igamopteris^ 2; Caulopftei'k (?), i, 
[ EaxriSETAGEJa .—Phyllotkecaf 1; Tert^raria^ 1. 

The only animal known from the beds is a heterocercal ganoid fish, JJro^thenes 
atidralis, a form with Uper PalaB05;oic affinities. 

It will be noticed that the difference from the flora of the underlying bed*- 
associated with marine strata is chiefly specific, and by no means indicative of 
gi*eat difterence of age, though the only species considered as common to tlie two 
by Br. Feistmantel is Glossopteris hroimiana, found also in the Bamuda soiies of 
India, in Tonquin, and in South Africa. 

The plant fossils of the Newcastle beds and of the underlying series wdih 
marine fossils are those which exhibit so remarkable a similarity to the flora of 
the Indian lower Gondwanas, and especially to the Bamudas. The same geneia 
of plants, especially Noeggerathiopsisj Glossopteris^ Bhyllotheca, Verfehrarkt^pn^ysM 
in both. But the lower beds of Australia, to judge by the marine fauna, are of 
Lower Carboniferous age, and it is impossible to suppose that the Newcastle beds 
are of very much later date. They are said to be conformable to the lower bods 
with marine fossils, and even to pass into them, and they should probably, if flu* 
lower beds are Lower Carboniferous, be classed as Middle or Upper Carboniferous. 
Thus if the evidence of marine faunas be accepted as decisive, the Bnmuda bods 
of India are homotaxially related to Jurobsic strata in Europe and to Carboniferous 
in Australia. 

But the Australian Newcastle flora has been quite as positively clansod 
Jurassic by European palseo-botanists as that of the Bamudas. It would be easy 
to quote along list of authorities—McCoy, Be Zigno, Saporta, Schimper, Oarruthers, 
and others—^in support of the Jurassic age of the Australian beds. For years tlie 
testimonj of Australian geologists was rejected, and doubts thrown upon their 
observations. There is, so far as I know, no case in the whole history of palfson- 
tology in which the conflict of palaeontological evidence has been so remarkablv 
displayed. 

4. MaiDheshury Beds ,—The fauna and flora are poor. Only two fish, ClithrolepL 
^mukittus and Myriolepis clarhei^ and one plant, Thinnfeldia odontopteroidiSj are 
known, and of the three forms two recur in me Wianamatta beds. 

An important character of the Hawkesbury beds, to which further roforonci. 
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•will be made presently, is tbe occurrence of transported boulders,^ apparently 
brought thither by the action of ice. 

Similar boulders haye been observed in certain sandstones in Yictoria known 
as the Bacchus Marsh beds. Prom these beds two species of Gmgamopterls have 
been described by McCoy. Ganganio^pteris^ it should be recollected, is a genus 
of ferns closely allied to Glossopteris and abundant in the Damuda and still more 
so in the Karharbari beds of the lower Gondwanas in India. 

6. Wimamatta Beds ,—^These are the highest portion of the whole system in 
l^ew South Wales. They contain the following organic remains:— 

ANIMALS. 

Pisces.— Balceomscus antipodeiiSj ClitJirolepis granulatus^ 

PLANTS. 

Filices.— Tliinnfeldla (JPecopteins) odontopteraides, Odontopterk microphylla^ 
Beeopteris tenuifolia, Tceniopteris wianamattcB, 

EQTTlSEXACEiE .—Phyllotheca liookerL 

The fish from the Wianamatta, Hawkesbuiy, and Newcastle beds, four in 
number, were considered as a whole by Sir P. Egerton to be most nearly allied to 
the Permian fauna of Europe, 

The Wianamatta plants, like those in the lower beds, are classed as Jurassic. 

6. Higher Mesozoic Beds. —^These, which do not appear to have been traced into 
connection with the Wianamatta and Hawkesbury beds, occur in "widely separated 
localities, from Queensland to Tasmania. The correlation of these widely scattered 
deposits, and the assignment of them collectively to a position above that of the 
Wianamatta beds, appear solely founded upon the fossil flora, and it would be 
satisfactory to have in addition some geological evidence or some palgeontological 
data derived from marine fossils. The Queensland flora is said to occur in beds 
overlying marine strata of Middle Jurassic age. 

The following plants are recorded from these higher beds• 

OyoADEACB-as .—Zamites {Fodozamites)^ S sp.; Otozamitesy 1. 

Filices.— SphenopteriSj 1; Thinn/eldia, 1 j Cyclapteris, 1; Alethopteris, 1 1 
Tmiioptei*is, 1; Sagenopteris, 1. 

EoiTTSETACBiE.— Fhyllotheca^ 1. 

Tabulating, as in the case of the Indian Gondwana system, the age of the 
different Australian subdiraions as determined by their fossil plants and animals on 
purely palaeontological grounds, we have the following result:— 



Plants 

Animals 

6. Higher Mesozoic beds , 

6. Wianamatta beds . 

4. Hawkesbury beds. . 

3. Newcastle beds • . * 

2. Lbwer Coal-Measures , 

1. Lower Carboniferous beds . 

Jurassic 

Jurassic 

Jurassic • . , 

Jurassic . ^ 

Jurassic . . . 

Lower Carboniferous . 

Jurassic (marine) 
Permian 

Permian 

Permian 

1 Lower Carboniferous 
(marine) 


Bovdik Africa .—In connection with the later Palaeozoic and older Mesozoic 
rocks of Australia and India it is of importance to mention briefly the correspond¬ 
ing fresh-water or subaerial formations of Southern Africa, although in that 
country there are not such marked discrepancies in the palseontological evidence. 


* Wilkinson, quoted by FeistmanM, M&e, Geel Sunh J?id. 1S80, p, 257. 
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perhaps hecanse the relations of the beds with remains of animak to the plant- 
bearing strata aie less clearly laiown. It will be sufficient to notice some of the 
most prominent peculiarities of these formations here, as I hope that a fuller 
account will be ftivca to the section by Professor Eupert Jones, who has made an 
especial study of South African g-eology. 

In the interior of South Africa, occupying an immens3 tract in the northern 
parts of Cape Colony, the Orange Free State, Transvaal, and the deserts to the 
westward of the last two, there is a great system of sandstones and shales with 
eome coal-beds, generally known as the ^ Karoo formation/ The sequence of sub- 
di\ isions is the following:—^ 

Stormherg beds, about 1,S00 feet thick 
Beaufort „ „ 1,700 „ „ 

Ivoonap „ ,, Ij'^OO „ ,, 

The beds are but little disturbed in general, and form great plateaux. They rest 
partly on Palaeozoic rocks (Carboniferous or Devonian), partly on gneissic forma¬ 
tions. As in Austialia, the underlying Palmozoic rocks contain a flora allied to the 
Oarhouiferous flora of Europe. 

At the base of the Karoo formation are certain shales with coal, known as the 
Ecca beds, and remarkable for containing a great boulder-bed, the Ecca or Dwyka 
'Conglomerate,^ like those in the Talehir beds in India and the Ilawkesbury saiid- 
.stone in Australia, the boulders, precisely as in the Talehir beds, being embedded in 
iine compact silt or sandstone, which in both countries has been mistaken for a 
volcanic rock. The Ecca beds are said to contain Ghs^opteiis and some other 
plants, but the accounts are as yet somewhat imperfect, The whole Karoo system, 
according to the latest accounts, rests unconformably on the Ecca beds, whilst tho 
Ecca beds are conformable to the underlying Palosozoic stpta. 

Unfortunately, although a considerable number of animals and a few plnnts 
have been described from the ^ Karoo formation,^ it is hut rarely that the precise 
subdivision from which the remains were brought has been clearly known. 

The known species of plants are very few in number; Glossopfem hroicniana, 
and two other species of Glossoptens,^ lluhidgea^ a fern nearly akin to Gnngam,* 
opUru and Ghssopteris^ and a Phylhtliem'Yikb stem are recorded, without any cer¬ 
tain horizon, hut probably from the Beaufort beds. There is no doubt as to the close 
similarity of these plants to those from the Damudas of India and the Newcastle 
beds of Australia. 

Prom the Stormherg beds there are reported Pecopfom or Thinnfddia odonio^ 
pfevoideS) Cgclopfem cunertfa, and Tcmioptens daintreoi^^ three of the most 
characteristic fossils of the uppermost plant-beds in Australia, and all found in tho 
Upper Jurassic Queensland beds. 

The animals found in the Karoo beds ^ are more numerous by far than tho 
plants. The greater portion have been procured from the Beaufort beds. They 
comprise numerous genera of dicynodont, theriodont, and dinosaurian reptiles, 
two or three genera of labyrintkodont amphibians, some fish allied to I^almnisom 
and AmUgplemSi and one mammal, Tntyhdon. Of the above the Trityhdon and 
some reptilian and fish remains are said to be from the Stormherg beds. 

Tritylodon is most nearly related to a Bhsetic European mammal. The relations 
of the reptiles called Thenodontia by Sir B. Owen are not clearly defined, but 
representatives of them and of the Dtegnodentia, as already noticed, are said to be 
found in the Permian of Bussia. The Gdossqpteria and its associates may of course 
be classed as Carboniferous ox Jurassic, according to taste. Neither the fauna nor 
flora show sufficiently close relations to those of any European beds for any safe 
^conclusions as to age, even if homotaxis and synchronism be coniSidered identicah 

Q. J. G. S, xxiii. 1867, p. 142. 

* Butherland, Q. J, G. B xsvi. p. 614. 

® One <flassed by Tate as Dictyopterin^ Q* J, G. S. xxiii. p. 141. 

* Bnnn» ^Beport on Stormherg Coal-Field/ GeoL Mag. 1870, p, 662. 

* Cat Foss* Kept. S, Africa Brit. Mus. 1876,’ 
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On the other hand there are remarkable points of agreement with the faunas and 
floras of the Indian and Australian rocks. 

Away from the typical Karoo area on the coast south of Natal there is foimd a 
series of beds, partly marine, sometimes called the Uitenhage^ series. A few 
cycads (Oiozamifesy Podozamites, Pterophyllw>n)i a conifer, and ferns (Fecopteris or 
Alethopte^is, Sphenoptens, Cyclopteris) are quoted from them, and three or four of 
the forms are closely allied or identical with species found in the Rajmahal beds 
of India. 

It was at first supposed that the plant-bearing beds were lower in position tban 
those containing marine fossils, and the whole of the Uitenhage series was con¬ 
sidered as of later age than the Karoo beds. The marine beds were considered 
Middle Jurassic. Subsequently, however, Stow ^ showed conclusively that a por¬ 
tion of the marine beds, judging by their fossils, are of uppermost Jurassic or even 
Neocomian age, and also that the relation of the plant-bearing beds to the marine 
strata are far less simple than was supposed.^ Indeed, to judge from Stow’s account, 
it is by no means clear that a portion of the wood-bed series or saliferous series, to 
which the plant-beds belong, is not higher in position than the marine Jurassic 
strata. 

There is a very extraordinary similarity between the geology of the southern 
part of Africa and that of the peninsula oi India. , In both countries a thick fresh¬ 
water formation, without any marine beds intercalated, occupies a large area of the 
interior of the country, whilst on the coast some marine Jurassic and cretaceous 
rocks are found, the former in association with beds containing plants. The co¬ 
incidence is not even confined to sedimentary beds. As in India so in Soutli 
Africa, the uppermost inland Mesozoic fresh-water beds are capped by volcanic 
rocks. 

It has been assumed, but not apparently on any clear evidence, that the marine 
coast-beds and the associated plant-beds are in Africa much newer tban the inland 
sandstone formation, but it is not impossible that the relations may really be the 
same as in India, and that the Stormberg beds of the inland formation may be tbe 
equivalents of tbe Upper Jurassic or even the Cretaceous marine beds on the coast. 
The discovery of plants identical with those of the Jurassic (probably Upper Jurassic) 
beds of Queensland in the Stormberg series may of course be taken for what it is 
worth 5 it is of quite as much importance in indicating tbe age of tbe rocks as tbe 
occurrence of dicynodont reptiles in tbe Permian of Eusaia and in tbe lower 
Gondwanas of India. 

Altogether there is quite sufiicient probability that tbe upper Karoo or Storm¬ 
berg beds are of later age tban Triassic to justify tbe protest which I made last year 
against a skull being described from these beds as that of a ‘ Triastic * naammal.^ The 
practice, so common amongst palaeontologists, of positively asserting as a Imown 
fact tbe geological age of organisms from beds of which the geological position is 
not clearly determined is very much to be deprecated. 

I have called attention to tbe occuiTence of boulders in tbe Talcbir beds in India, 
tbe Ecca beds of South Africa, and tbe Bacchus Marsh sandstones and Hawkesbury 
beds of Australia. Tbe idea has occurred quite independently to several difierent 
observers that each of these remarkable formations affords evidence^ of glacial 
action; and although, in tbe case of India especially, tbe geographical position of tbe 
boulder-bed within the tropics seemed for a long time to render the notion of ice 
action too improbable to be accepted, further evidence has so far confirmed tbe 
view as to cause it to be generally received. Even before tbe Australian boulder- 
deposits had been observed it was suggested that tbe Talcbir beds and Ecca 
conglomerate might be contemporaneous/ and that tbe evidence in favour of a 
Glacial epoch having left its traces in tbe Permian beds of England ® might 
possibly indicate that tbe Indian and South African boulder-beds are of tbe 
f same geological epoch. Tbe discovery of two similar deposits in Australia 

’ Q. J, K xxvii. p. 144. ® Jl 5^. dL xxvii. p. 479. 

» p. 605, 611, 613, &:c. , ♦ Q. J. G. B. xl. p, 146. 

* q. J. a, S. xxxi. p. 628. • J. 8, xi. p 186. 

1884, Z 2 
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adds to the probability that all may have resulted from tlie same cause aud mav 
record conlemporaneoiis phenomena. It wOuld be very unwise to insist too much 
on the coincidence. 

It would he easy to call attention to further examples of discrepancies in 
palceontological evidence, hut I should weary you, and nothing would he attained by 
going through instance after instance of deposits in distant parts of the world, the 
age of which has been solely determined hy the examination of a few fossil forms 
of land and fresh-water animals and plants. I have, therefore, only tahen a few with 
the details of which I have had occasion to become acquainted. In some of the 
most important cases I ha\e mentioned, such as those of the Pikenui and Siwalik 
faunas, the Outch (Umia beds) flora, and that in the lower coal-measures of 
Austr^ia, the conflict is between the evidence of the marine and terrestrial organ¬ 
isms. Manifestly one or the other of these leads to erroneous conclusions. 

The general opinion of geologists is in favour of accepting the e\idence of 
marine organisms. The reason is not far to seek. So far as I am aware no case is 
known where such an anomaly as that displayed in the Gondwanas of India has 
heen detected amongst maiine formations of which the sequence was unquestioned. 
In the Gondwanas we have a Rhoetic flora overlying a Jurassic flora, and a Triassic 
fauna above both. In Australia we find a Jurassic flora associated with a Carboni¬ 
ferous marine fauna, and overlain by a Permian fresh-water fauna. The only 
similar case amongst marine strata is that of the well-known colonies of the late 
M. Banande in Bohemia, and in this instance the intercalation of strata contain¬ 
ing later forms amongst beds with older types is disputed, whilst the difference in 
age between the faunas represented is not to he compared to that between Triassic 
and Jurassic. 

There is, however, another and an even stronger reason for accepting the 
evidence of marine instead of that afforded hy terrestrial and fresh-water animals 
and plants. If we compare the distribution of the two at the present day we shall 
find a very striking difference, and it is possible that this difference may afford a 
clue to the conditions that prevailed in past times. 

Wanderers into what they fancy unexplored tracts in palseontology are very 
likely to find Professor Huxley’s footprints on the path they are following. I have 
had occasion to turn to a paper of his on Syiierodopedon,^ that veiy curious reptile 
abeady mentioned, of which the remains occur both in Great Britain and in India, 
and I find the following remarks, which appear so exactly to express a portion of 
the view to which I wish to call your attention, that I trust I may be excus*^ for 
quoting them. Professor Huxley writes — 

'It does not appear to mo that theie is any necessary relation between the 
fauna of a given land and that of the seas of its shores.’ The land-faunee of Brjtaiii 
and Japan are wonderfully similar j their marine faunm are in several wayfe 
different. Identical marine shells are collected on the Mozanabique coast and m 
the easternmost islands of the Pacific; whilst the faunm of the lands which lie 
within the same range of longitude are extraordinarily dlfibrent. What now 
happens geographically to provinces in space is good evidence as to what, in 
former times, may have happened to provinces in time; and an essentially 
identical land-fauna may have been contemporary with several successive marine 
faunm. 

* At present our knowledge of the terrestrial faunae of'past epochs is so slight 
that no practical difficulty arises from using, as we do, sea-reckoning for land-time. 
But I think it highly probable that soOner or kter the inhabitants of the land will 
be found to have a histoiy of thmr oWn.' 

When these words were written more than fifteen years ago very few of the 
geological details to which I hare called your attention were Imown. I need not 
out how wonderful a commentary ench details have afforded to Professor 
views. 

I Mve no desire to quote autliority. I fear that in the facts I have been laying 

* Q, (r, 8. XXV. p. 160. 
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I)efoT8 you my quotations of tKe most autlioritative writers have been made less 
for the purpose of showing reverence than of expressing scepticism. My reason, 
for calling attention to Professor Huxley’s views is different. I entirely agree 
with them; hut there is, I think, something to be added to them. There is, I 
believe, an additional distinction between land and marine faunas that requires 
notice, and this distinction is one of very great importance and interest. It 
appears to me that at the present day the difference between the land-faunas of 
different parts of the world is so vastly greater than that between the marine 
faunas, that if both were found fossilised, whilst there would be but little difficulty 
in recognising different marine deposits as of like age from their organic remains, 
terrestrial and fresh-water beds would in all probability be referred to widely 
differing epochs, and that some would be more probably classed with those of a past 
period than with others of the present time. 

I had proposed to enter at some length into this subject, and to attempt a 
sketch of the present state of our knowledge concerning the distribution of terres¬ 
trial and marine faunas and floras. But I found that it was impossible to do 
justice to the question without making this address far longer than is desirable, 
and I have already taken up more time than I ought to have done. I can there¬ 
fore only treat the subjects very briefly. 

As you are doubtless aware, the most important work upon the distribution of 
terrestrial animals yet published is that of Mr. Wallace. lie divides the earth’s 
surface into six regions—Pal®arctic, Ethiopian, Oriental, Australian, Neotropical, 
and Nearctic. Some naturalists, with whom I am disposed to agree, consider 
Madagascar and the adjacent islands a seventh region, and it is possible that one 
or two other additions might be made. 

These regions are essentially founded on the distribution of wrtehrata^ 
especially mammals and birds, and the following table, taken from Wallace’s lists, 
shows the percentage of peculiar families of vertebrata and peculiar genera of 
mammalia in each region, mammalia being selected as more characteristic than 
birds and better known than reptiles, amphibians, or Ashes;— 


I 

Regions 

Total 

Families of 
Vertebrates 

Peculiar 

Families 

Percentage 
of Peculiar 
Families 

Total 
Genera of 
Mamnuls 

Peculiar 
Genera of 
Mammals 

Percentage 
of Peculiar 
Genera 

Pal-sjaectic , 

137 

3 

2*3 

100 

37 

37 

Etuiohan 

175 

23 

13-1 

142 

90 

63 

Oriental 

1G3 

12 

7’4 

118 

54 

46 

; Australian . 

242 

30 

2M 

70 

45 

65 

Neotropical . 

16S ' 

43 

26-8 

131 

i 103 

79 

Nearotic 

121 

12 

OD 

74 

i 24 

33 


The marine mammals and reptiles are too few in number to be compared with 
the land-fauna, but whales, porpoises, seals, sireniana, turtles, and sea-snakes are 
for the most part widely diffused. The best class of the vertebrata for comparison 
is that of the fishes, and some details taken by Wallace from Gunther’s * British 
Museum Catalogue ’ are very important. The whole class is divided into 110 
families, of which 20 are exclusively confined to fresh water, whilst 80 are typically 
marine. Of these 80 no less than 50 are universally, or almost universally, dis¬ 
tributed, whilst many others have a very wide range. Four families are con¬ 
fined to the Atlantic and 13 to the Pacific Ocean, whilst a few more are 
exclusively southern or northern. About 63 are found in both the Atlantic and 
Pacific. 

Now, of the 20 fresh-water families 15, or more than one-half, are confined 
each to a single region, 9 are found each in two regions, 2 in three regions, and 
the same number in four; one onlj is found in five regions, whilst 

not one is met^ with in all six. It is impossible to^conceive a greater contrast: 
50 marine families, or 02*5 per cent., have a world-wide distribution, whilst not a 

z z 2 
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single fresh-water family has an equally extended range, and more than one-half 
are confined each to a single region. 

The regions adopted hy Wallace, as already slated, are founded on the^ 
hrata\ he considers, however, that the distribution of the invertebrates is similar. 
So far as the terrestrial mollusea are concerned, I am inclined to dissent from this 
view. Bat for one circumstance the moUusca would aftbrd an admirable test of 
the theory that marine types—^species, genera, and families—are much more 
widely spread than terrestrial. I am assured that this is the case, but tlie 
difficulty of proving it arises from the fact that the classification of piilmonato 
terrestrial mollusea, as adopted by naturalists generally, is so artificial as to be 
worthless. Genera like Ileliv, JBuhmus, Achatinct^ Pupa, Vifruta, as usn^f^ 
adopted, are not real genera, but associations of species united by charade^ of 
no systematic importance, and the attempts that have hitherto been made yia 
natural classification have chiefiy been founded on the shells, the animals not 
being sufficiently known for their affinities, in a very large number of cases, to 
be accurately determined. Of late years, however, more attention has been 
devoted to the soft parts of land moliusks, and in Dr. Paul Fischer’s ‘ Manuel de 
Oonchyliologie ’ now being published, a classification of the Pulmonate Gastero¬ 
poda is a:iven, which, although still imperfect for want of additional inforraatioiii, 
is a great impiovement upon any previously available. In this work the first 
thirteen families of the Puhwnata GeopMla “comprise all the non-operciilate lan«I 
mollusea, or snails and slugs, and these 13 families contain 8:3 genera thus- 
distributed :— 

Peculiar to one of 'Wallace's land regions.54 

Found in more than one, but not in both America and the Eastern 

hemisphere ..12 

Common to both hemispheres.10 

The last 16 however include Zimai, Yitrim, Relix, Pupa, Vertigo, and some 
other genera which certainly need further repartition. The operciilated land-shells 
belonging to a distinct sub-order, or order, and closely allied to tbf^ ordinary 
Prosobranrhiate Gasteiopoda, are better classified, the shells in their case affording 
good chaiacters. They comprise four well-marked families {ReHomidee, (Jyclo^^ 
htomid<B, Cydoplioridc^, and Biplom'inatinidce), besides others less well marked or 
but doubtfully terrestrial. Not one of the families named is generally distributed, 
and the genera are for the most part restricted to one or two regions. The portion? 
of Dr. Fischer’s manual relating to these mollu&ca is unpublished, and the latest 
general account available is that of Pfeiffer, published in 1876.^ From this 
monograph I tako the following details of distribution. The number of genera 
enumerated is 64 (including Proserpinidee). 

Peculiar to one of Wallace’s land regions ..... 48 

Found in more than one, hut not in both America and the Eastern 
hemisphere 8 

Common to both hemispheres 8 

It is the distribution of the terrestrial operculate mollusea which induces me to> 
suspect that the distribution of land mollusea differs from that of land vertebrates. 
One instance I may give. There is nowhere a better marked limit to two vertebrate 
faunas than tliat known as Wallace’s line separating the Australian and Oriental 
regions, and running through the Malay peninsula between Java, Sumatra, andb 
Borneo on the one hand, and Papua with the neighbouring groups on the other. 
There is in the two regions a very great difference in the vertebrate genera, and a 
oonsiderabltt replacement of families. The Oriental xerfehrafa contain far more 
and families common to Africa than to Australia. Now, the operculafiO 
ItoWheils known from New Guinea and Northern Austialia belong to such genona 

* Mtd/wgrupJiia Pneumonopomorum Viveniitm Supp, iii* 
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«3 Cychplmr^Ui^ Oychtus, Leptopoma, Fupinella, Fupina^ Diph^mnatinaj and JEeti-' 
ciiia, all found in the Oriental region, and mostly characteristic of it, whilst the only 
peculiar types known are Zeueoptychia, closely allied to Leptopo^na^ from New Guinea, 
;and^ Mefe}*ocyclm, apparently related to the Indian Cyathopomaf from New Oale- 
donia. Farther east in Polynesia there ai'e some very remarkahle and peculiar types 
of land-shells, such as Achatinella, but these do not extend to Australia or Papua. 
On the other hand scarcely a single Oriental genus extends to Africa, the terrestrial 
molluscan fauna of which continent differs far more finm that of the Oriental region 
than the latter does from that of tropical Australia. 

The same is the case with plants. In an important work lately published 
by Dr. O. Drude, of Dresden, the tropics of the Old World are divided into three 
distinct regions—(1) tropical Africa*, (2) the East African islands, Madagascar, 
&c.; (8) India, South-Eastern Asia, the Malay archipelago, Northern Australia, 
and Polynesia. 

A very large proportion of the families and even of the genera of marine 
mollusca are almost of world-wide distribution, and even of the tropical and 
subtropical genera the majority are found in all the warmer seas. I have 
no recent details for the whole of the marine mollusca, hut a very fair comparison 
with the data already given for land-shells may be obtained from the nrst 25 
families of Prosobranchiate Gasteropoda, all that are hitherto published in 
Fischer’s manual. These 25 families include Conid 0 , OlwidcB^ VolutidcB, 

Mwricidm^ Cypreidce^ StromUd^^ CeritMidcB^ Blanaxidm and their allies, and 
contain 116 living marine genera, the known range of which is the following— 

Found only in the Atlantic Ocean ...«•• 15 
Found only in the Pacific or Indian Ocean, or both « . .28 

Found only in Arctic or Antarctic Seas, or in both , . * 12 

-^65 

Found in the warmer parts of all oceans . . ♦ . * 34 

Widely, and for the most part universally, distributed , « #27 

—61 

That is 62*6 per cent, are found in both hemispheres, whilst only 19’6 per cent, of 
the inoperculate, and 12*5 per cent, of the operculate land mollusca, have a 
Umilar distribution. This is, however, only an imperfect test of the difiTerence, 
which is really much greater than these numbers named imply by themselves. 

Some genera of fresh-water mollusca, as Unto, Ano^n^ Cyolas^ Lymnea^ 
TlmorMs^ Faltcdma, and Bythinia, are very widely spread, hut a much larger number 
are restricted. Thus if Umo oxidAnodon are extensively distributed, all allied fresh¬ 
water genera, lilce Monocondyl^sa, MyeeiopuS) Iridina, Spatim, Mthena^ 

and Mizllerh inhabit one or two regions at the most. The same result is not 
found from taking an equally important group of marine mollusca, such as Venendce 
or CardiadcB, 

Throughout the marine invertebrata, so far as I know, the same rule holds 
good; a few generic types are restricted to particular seas; the majority are 
found in suitable habitats tlix’oughout a large portion of the globe. The marine 
provinces that have been hitherto distingui^ed, as may be seen by referring^ to 
those in Woodward’s ^Manual of the Mollusca,’ or Forbes and Godwin Austin’s 
< Natural History of the European Seas,’ or Fischers ' Manuel de Oonehyliolo^e,’ 
or Agassiz’s ^ Kevision of the Echini,’ are founded on specific distinctions, whilst 
the terrestrial regions are based on generic differences, and often on the presence 
or absence of even larger groups than genera. 

Botany offers a still moie remarkable example. I have just referred to 
Bt, Oscar Drude’s work,^ published within the last few months, on the distribution 
of plants. Dr, Drude divides the surface of the globe into four groups of floral 
regions {Florenreich^gruppe), and these again into floral regions (Florem'eiche)^ 
16 in number, which are again divided into sub-regions The first group 

of floral regions is the oceanic, comprising all the marine vegetation of the world; 

* Petertnann’s Mitthdlmgen^ Ergtoungsheft No. 74, * Die Florenreiohe der Erde,* 
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and so imiforni is lliis tlirongliout tliat no separate regions can be esiablisbed, t^o 
lliat there is but one oceanic to contrast with 14 terrestrial regions. 

It is impossible to enter further into this subject now, and I can only allude i y 
the evidence in favour of the existence of land-regions in past times. It is scaacf 1> 
necessary to remind you of the proofs already accumulated of diderences between 
the fauna of distant countries in Tertiary times. The Eocene, Miocene, and 
Pliocene vertebrata of North America difier quite as much from those of Europe 
in the same periods as do the genera of the present day j and there was as murli 
distinction between the mammalia of the Himalayas and of Greece when 
Siwalik and Pikermi faunas were living as there is^ now. In Mesozoic times wt 
have similar evidence. The leptiles of the American Jurassic deposits present 
wide differences from those of the European beds of that age, and the Soutli 
African reptilian types of the Karoo beds are barely repiesented elsewhere. Bal 
there is no reason for supposing that the limits or relations of the zoological and 
botanical regions in past times were the same as they now are. It is quite certain 
indeed that the distiibution of land-areas, whether the greau oceanic tract has ic- 
mained imchanged in its general outlines or not, has undergone enormous variations,, 
and the migration of the terrestrial iauna and flora must have been dependent 
upon the presence or absence of land communication between different continental 
tracts; in other words, the terrestrial regions of past e]fochs, although just as clearl ,7 
marked as those of the present day, were very differently distributed. The re¬ 
markable resemblance of lie floras in the Karoo beds of South Afiica, the Damiida 
of India, and the coal-measures of Australia, and the wide difference of all 
ff om any European fossil flora, is a good example of the former distribution of life; 
wiulst it is Sbarcely necessary to observe that the present Neotropical and Australian 
mammals resemble those of the same countries in the later Tertiary times much 
more than they do the'living mammalia of other regions, and that the Australian 
mammal fauna is in all piobability more nearly allied to the forms of life inhabit¬ 
ing Europe in the? Mesozoic era than to any European types of later date. If the 
existing mammals of Australia had all become extinct, a deposit containing their 
bones would probably have been classed as Mesozoic* 

The belief in the former universality of faunas and floras is very much con¬ 
nected with the idea once generally prevalent, and still far from obsolete, that the 
temperature of the earth’s surface was formerly uniform, and that at all evtnxs 
until early or exen middle Tertiary times the poles were as warm as the equator, 
and both enjoyed a constant tropical climate. The want of glacial evidence from 
past times in Spitsbergen and Greenland, where a temperature capable of support¬ 
ing arboreal vegetation has certainly prevailed during several geological periods, is 
counterbalanced by the gradually accumulating proofs of Lower Mesozoic or Upijex 
Palaeozoic glacial epochs in South Africa, Australia, and, strangest of all, in India. 
Even during those periods of the earth’s history when there is reason to believe 
that the temperature in high latitudes was higher than it now is, evidence of distinct 
zones of climate has been observed, and quite recently Dr. Neumayr,^ of Yionna, 
has shovm that the distribution of Cretaceous and Jurassic cephalopoda through¬ 
out the earth’s surface proves that during those periods the warmer and cooler 
zones of the world existed in the same manner as at present, and that they 
affected the distribution of marine life as they do now. 

The idea that fresh-water and t-srrestrial faunas and floras were similar throughout 
the world’s surface in past times is so ingrained in palseontological science that it 
will ^require many years yet before the fallacy of the assumption is generally 
admitted. No circumstance has contributed more widely to the belief than the 
supposed universal diffusion of the Carboniferous flora. The evidence that the 
plants which prevailed in the coal-measures of Europe were replaced by totally 
wferent foims in Australia, despite the closest similanty in the marine inhabitants 
^ the two areas at the period, will probably go far to give the death-blow to an 
that rests upon no solid ground of observation. In a vast number 

^ Jdhnatasohe SSonen wahrend der Juras- und fcreidezeit,’ Denliiokf. Math, 

Wiofi, voh Xlvii. 1883. 
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of instances it has heen assumed that similarity l)etween fossil teiTestxial faunas 
and floras proves identity of geological age, and, hy arguing in a vicious circle, the 
occurrence of similar types, assumed without sufficient proof to belong to the same 
geological period, has been alleged as evidence of the existence of similar forms 
in distant countries at the same time. 

In the preceding remarks it may perhaps liave surprised some of my auditory 
that I have scarcely alluded to any American formations, and especially that I have 
"not mentioned so well known and interesting a case of conflicting palmoatological 
evidence as that of the Laramie group" My reason is simply that there are 
probably many here who are personally ac<][ttamted with the geology of the 
American Cretaceous and Tertiai-y beds, and who are far better able to judge than 
I am of the evidence as a whole. To all who are studying such <][uestions in 
America I think it will be more useful to give the details of similar geological 
puzzles flom the Eastern hemisphere than to attempt an imperfect analysis of 
difficult problems in the great Western continent. 

Perhaps it may be useful, considering the length to which this address has 
extended, to recapitulate the principal facts I have endeavoured to bring before 
you. These are— 

1. That the geological age assigned on homotaxial grounds to the Pikermi and 
Siwalik mammalian faunas is inconsistent with the evidence aflbrded hy the 
associated marine deposits. 

2. The age similarly assigned on the same data to the different series of the 
Gondwana system of India is a mass of contradictions; beds with a Triassic fauna 
overlying others with Rhsetie or Jurassic floras. 

8. The geological position assigned on similar evidence to certain Australian 
beds is eq^ually contradictory, a Jurassic flora being of the same age as a 
Carboniferous marine fauna. 

4. The same is probably the case with the terrestrial and fresh-water faunas and 
floras of South Africa. 

6. In instances of conflicting evidence between terrestrial or fresh-water 
faunas and floras on one side, and marine faunas on the other, the geological ag^e 
indicated by the latter is probably correct, because the contradictions which prevail 
between the evidence aflbrded by successire terrestrial and fresh-water beds are 
iinknown in marine deposits, because the succession of teirestrial animals and 
plants in time has been different from the succeaaion of marine life, aaid because in 
all past times the differences between the faunas and floras of distant lands have 
probably been, as they now are, vastly greater than the diflerenees between the 
animals and plants inhabiting the different seas and oceans. 

6. The geological age attributed to fossil terrestrial faunas and floras in distant 
countries on account of the relations of 'such flmnas and floras to those found in 
European beds has proved erroneous in so large a number of cases that no simi^r 
determinations should be accepted unless accompanied by evidence from marine 
beds. It is probable in many cases—perhaps in the majority—where the age 
of ^beds has been determined solely by the comparison of land ox ftesh-water 
animals or plants with those found in distant parts of the globe, that such deter* 
minations axe incorrect. 

The following Papers were read:*— 

1, BemlU of past experience in Geld Mininfjf in Nam Seatia. 

By Enwm Gilpin, Jun., FB.S.O. 

The gold fields of Kova Scotia stretch along the whole Atlanfio coast of the 
province, and occupy an area of about 7,(X)0hquare miles. 

The auriferous, measures may be divided into two series, an upper one con-* 
fisting of Mack pyritous slates with occasional bed of Quartzite and some auriferous 
veins and ,a lower one made up of altexflatiBg beds of slates and,quartzites and 
compact sandstone, sometimes felspathic. The upper series is estimated to be 3,<X)p 
feet thick, the lower 0,000 feeh . ... ^ 
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Granite roclrs stretch irregularly the whole length of the gold fields. The 
granite is evidently intrusiv e, and is older than the carboniferous period. 

The auriferous veins vary in thickness up to six feet; the usual size of those 
worked is only four to fifteen inches. The quartz is often crystalline and banded. 
The veins have the same strike as the enclosing rocks and were^ at first considered 
to be beds, similar to those known to be auriferous in the Caroliuas and elsowhero; 
but the fact of their containing portions of the enclosing slate, and of occasionally 
cutting obliquely across the bedding, proves that they are true veins. 

The distribution of the gold in the veins may be termed capiicious. While the 
veins for a long distance may be auriferous, there is generally one zone or several 
zones of quartz much richer than that on each side. Those zones or ^ pay streaks ^ 
do not appear to be the effect of any law that has yet been applied to our mines, 

Judging from the available fossil evidence, which however is small, the gold- 
bearing beds appear to be of Cambrian age. 

The quartz mills of Nova Scotia are similar to those in general use in Australia 
and Oalitornia. The cost of mining varies fiom eighty cents in the open cast slate 
belts, cairying auriferous quartz, up to fifteen dollars a ton in small veins, three or 
four inches wide, in very hard rock. The coat per ton of crushing with water¬ 
power varies from sixty cents to one dollar; with steam power the cost is somewhat 
higher. 

Attention is now being turned to low gi’ade ores, that is to say, beds of 
auriferous slate with veins of quartz, yielding aveiages of four to eight penny¬ 
weights of gold to the ton. 

l)uring the year 1883 the miners averaged two^ dollars eighty-four cents a 
day from 25,954 tons of quartz, yielding ten pennyweights and twenty-one grains 
of gold per ton, and looking at the large extent of country containing proved 
auriferous strata, the author anticipates a permanent and profitable future for the 
gold mines of Nova Scotia, 


2, A Comparison of the Distinctive Features of Num Scotian Coal-fields, 
By Edwiit Gilpik, Jan., AJL, F.G£., F.RS.O. 

The Carboniferous Rocks of Nova Scotia cover a large part of the nortbern side 
of the province, and are exposed in unusually good sections. The presence of 
woakable coal-seams has led to many surveys, &c., which have resulted in a good 
knowledge of their structuxe. The best knovvn and most continuous sections are * 
those of the Joggins in Cumberland county, and of the Cape Breton coal-field. 
There are numerous coal-fields, the most important being those of Cumberland, 
Pietou, and Cape l^reton. 

The presence of east and west synclinal folds is noticeable in each of these 
districts. In the Sydney coal-lield these foldings are on the prolongation of the 
ranges of the pre-carhoniferous rocks, and die out as they recede from them, Tu 
all these coal-fields these flexures are not accompanied by serious faults, except 
where the older measures have interruptod or complicated them. Thus on the 
north side of the Cumberland coal-field the measures are comparatively fieo from 
disturbances where no pre-carboniferous strata appear, while numerous dislo¬ 
cations are found on the south side, where they rest almost directly on the 
Biliirian slates of the Cobequid mountains. 

In the Sydney coal-field the sections show the ancient centre of the coal-field 
where the maximum of coal and the minimum of strata occur, from which it 
would appear that the distributing ciinents carried material principally from the 
north andf the south; the source of part of the detritus being the bordering Lower 
Carboniferous strata. The slight difference of deposition, however, is marked by 
the presence of beds of bituminous and fossiliferous limestone, which, chiefly 
developed in the centre, extend almost from end to end of the district. 

In the Fictou district a noticeable point is a horizon in the lower part of the 
r eecstion oontadping 1,500 feet of shale, and coal in beds up to 38 feet in thickness. 
"Thfa ntWona formalion is referred to the presence of a contemporaneous barrieivreef 
;^om*the Millstone Grit, and allowing under its shelter anim^ 
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mense accumulation of argillaceous and carbonaceous sediment. In tbe Cumber¬ 
land coal-field a long-continued alternation of shale and sandstone allowed the 
formation of sixty-seven coal beds, only two of which in the * Joggins Section ’ are 
of workable size. 

It is noticeable that in the Pictou and. Cumberland coal-fields the most produc¬ 
tive horizon is at the base of the coal-measures, and comparatively speaking, ot 
limited thickness. Thus at Pictou, the lower 1,300 feet hold fifteen beds, yielding 
119 feet of coal. At Springhill, in the Cumberland district, the lower 1,000 feet 
of the coal measures hold twelve beds, containing 51 feet of coal. The overlying 
measures are more arenaceous, and hold a much smaller proportion of coal in both 
districts. In the Cape Breton coal-field _ there are now exposed only 1,300 feet of 
productive measures immediately overlying the Millstone Grit, and holding the 
workable seams. 

The question naturally arises if it might not be considered that at one time the 
Cape Breton coal-field may not have had a total thickness of strata equalling that 
recorded in Pictou and Ciunherland, and that possibly the upper section was similar 
in development. 

The coals firom these districts present several points of difference. Thus the 
slightly higher ash contents of the Pictou and Cumberland coals may be connected 
with the predominance of the including beds of shale as compared with the more 
arenaceous measures of Cape Breton, and a low ash percentage in the coals. 

Other dififerences between the districts may be referred to conditions of deposi¬ 
tion, foldings, drainage, &c. 

As yet the study of the fossils of the three districts does not show any points 
of difiference calling for remark, but this subject has not yet received a share of 
attention equal to that bestowed on the points of economic interest. 

The above and other differences between the districts are perhaps more justly 
considered due to local differences of the deposition extending over large areas 
than as marking distinctions between individual and isolated coal-fields. 


3. On the Ooals of Canada. JBy H. A. Budben. 

Coal is widely distributed over the Dominion; from the extreme eastern point 
on the Atlantic, in the Island of Cape Breton, it occurs, and through a portion of 
Nova Scotia and New Brunswick; from thence a wide blank exists, until about 
the ninety-seventh parallel is reached ; from it to the base of the liocky Mountains 
extensive fields are being developed; it is also met at various points in British 
Columbia, but Vancouver Island on the Pacific contains the most valuable 
deposits. 

Central Canada, although deprived of coal, is contiguous to the immense fields 
of Pennsylvania, Ohio, &c., and through the medium of the great lakes and the 
railways, is readily served at moderate cost. 

The principal fields are five in number. Those in Nova Scotia are carefully- 
described by Sir William Dawson, in his ^ Acadian Geology,’ but among others, 
Sir Charles Lyell, Sir William Logan, Messrs. Brown, Hartley, Eobb, and gentle¬ 
men in the service of the Geological Survey of Canada, have given much attention 
to the subject. The North-West fields have been surveyed partially by the Geo- 
lo^cal Survey, Dr. George Dawson doing the principal work. Vancouver Island and 
British Columbia are indebted to the late Mr. Richardson and Dr. George Dawson 
for the results from their surveys; their reports are to be foutod in the records 
the Geological Survey. - , , 

Cape Breton. —The coal-field is carhoniferous, the measures consist of an 
accumulation of strata, comprising shale, sand-stone and fire-clay, vdth numerous 
valuable seams of bituminous coal. The principal field is about thirty-one miles 
long, bounded on the north by the ocean, on the south by the Millstone Grit, the 
outcrops of the seams are found on the shores of the deep bay. The measures lie at 
an easy angle, dipping under the sea. 

CMntp has the next important field, and is widely known on account of 
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the immense thickness of the seams, they are more irrep^ular in their dip thp those 
of Cape Breton, with an angle of from 10® to 30®. The total area is about thirty-hve 
square miles, but owing to tbo extent of faults, a large portion of the coal is cut 
of; the whole field forms an irregular basin, let down on all sides, among rocks of 
older age. 

Cumberland County,-^J\m important field has only recently been developed 
on a large scale, the productive measures extend from the Joggins, on the shore of 
the Ba;jr of Bundy, for more than twenty miles easterly, towards the base of the 
Cohequid Hills. On the shore of the Bay of Bundy, the exposure is of immense 
thickness, estimated at 14,000 feet, extending from the Marine Limestones of the 
Lower Carhoniferoiis to the top of the Goal Bormation. Its extent has not yet 
been arrived at. 

NoHJv-West ^—^The ninety-seventh meridian separates pretty exactly, the coal*» 
bearing formations of America into two classes. To tlie east, Carboniferous; in the 
west, the coals and lignites are found at various horizons in the Secondary and 
Tertiary rocks. Their development has only commenced; hut when it is considered 
that outcrops of valuable seams are found eastward of the Bocky Mountains, from 
the United States boundary, for hundx-eds of miles to the north, no anxiety may be 
felt as to their extent. 

British Columbia .—Very little exploration has been made in the mainland, the 
coals of Vancouver Island being easily accessible and of excellent quality. The best 
known fields are those of Comox and Nanaimo, on the eastern shore of the island. 
The measures dip mostly under the sea; they are variable, however, and require 
the diamond drill to he used extensively; the coals are bituminous and are con¬ 
sidered the best on ihe American Pacific Coast. Two companies, the Wellington 
and Vancouver, work extensive mines, 


4. 0% the Geology of Salifaz Sarhour^ Noca Scotia. 

By the Rev. D. Ho2?jbymak, D.O.L., F.B.8.C. 

Halifax Harbour owes to its geology very many of the features by which it 
is characterised. Its formations are; 1st, Archaean. iJnd. Zoxoer Cambrian'* 
metamorphosed. 3^d, Glacial, 

(1) Opposite McNah's Island and west of the main entrance the principal rocks 
are Granites, Genner regarded these as primary, Professor Hind considers them 
to he Laurentian Gneisses, the author, unsti*atified rocks of Archeean age, 

(2) Qnemoid BoeJes^ and Schists ,—^The former, andalusitic and pyritous, are 
associated with the granites. They are seen lying on the granites, abutting against 
them, dipping towards them, having an east and west strike, and a southerly dip, 
and in no case dipping away^ from them; some of them appear to cross the 
harbour, outcropping near the lighthouse and on the island, and appearing at the 
eastern passage. 

(3) The argillites of Halifax city occupy the west side of the harbour, appearing 
fully at Pleasant Park. At Three Gun Hattexy Point there is a syncline on either 
side. The argillites have only one feeble outcrop on the eastern side. The only 
other rocks to be seen are quartzites. These are at a considerable distance from 
the harbour, reaching Dartmouth on the same side. The Halitax argillites are 
seen to have crossed over in great force, and continue so until we come opposite 
Ricl^ond* At this place the Quartdtes of Bedford Basin connect with the 
Halifax Argillites, and also cross over to the Dartmouth side. Bedford Basin has 
Qmrtz&;es with interhedded shales and greenish slates on all sides. Occasionally 
they appear as ledges on the shore. The metamorpbism of the Cambrian seems io 
have been eifected in Upper Cambrian and Lower Silurian times. Simultaneously 
the harbour evidently had its beg:inning. 

(3) The argillites of Halifax and Dartmouth are rmiversally glaciated; 

of rocks indicate the intensity of the action and the course of 
a very striking manner. The author mentioned instances. Some of 
agent moved in a southerly direction. The general direction 
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of tile Striation is S. 20® E,, N. 20® W., magnetic, or S. 40° E., N. 40° W., true* 
This is also approximately the course of the harbour. 

Produced northerly the striation of Point Pleasant touches the bro-w* of 
Blomidon on the Minas Basin. Still farther it passes through the Oobequid 
Mountains. Produced eouthetiy^ it passes through the harbour close to Thrum- 
Cap, the extremity of McNab’s Island and into the Atlantic. 

Tmnsportatmi. —^In the ‘Transactions of the Nova Scotian Institute of 
Natural Science/ 1881-2, and in the ^ Canadian Science Monthly/ July number,, 
the author has given a list of nearly all the accumulations of ‘ Glacial Brift ’ that 
he has examined in and around Halifax Harbour. The following, however, have 
been re-examined recently:— 

1. Thrum-Oap and the beach which connects it with McNab's Island. The* 

boulders in the drift were: (1) Boulders of Amygdaloidal rocks with zeolites, which 
were transported from Blomidon, and Syenites, Syenitic gneisses, Diorites, &c.; 
from the Archsean rocks of the Oobequid Mountams was observed also a great 
mass of quartzite grooved and striated in a striking manner, an obvious part of the 
machine which ploughed the rocks of Point Pleasant. On the beach, besides the 
abundant quartzite boulders, were boulders of common basalt, basalt with olivine 
and amygdaloids from Blomidon, (2). Granites, micaceous, normal, and horn- 
blendic; Syenites, hornblendie; Gneisses, with magnetite; Diorites, with magnetite, 
and Porphyrites from the Oobequid Mountams. (3) Sandstones from the carboni¬ 
ferous formation of Hants and Colchester counties. ^ • 

2. In the drift at Point Pleasant were found a fine amygdaloid boulder of large 
size with plenty of smaller ones, and Archaean boulders. Anotlier large mass of 
quartzite, strikingly grooved and furrowed, was also found. This accunrulation is 
almost in a line with the Prince of Wales’ Tower. 

3. On Navy Island in Bedford Basin, ^ht and a half miles above Thrum-Cap, 
were collected (1) basalts, common and chrysolitic, amygdaloids. (2) Syenites, 
Diorites with magnetite, hornblendie gneisses, &c. 

4. On the opposite side were collected (1) common basalt and basalt replete- 
with large crystals of olivine and amygdaloids. (2) Hornblendie gneisses with 
magnetite. 

5. Not far from the top of the basin on the same side with Navy Island, and 
two miles above it, were collected from the drift, basalt, hornblendie gneiss with 
magne^te, porphyrites, &c, 

The^ Archaean boulders of these accumulations have not come from the 
Oobequid Mountains to the Halifax Harbour over the same course as the^ 
Blomidon (triassic) boulders. They are a portion of the transportation which 
had a sub-parallel course, which had been diverted from the general course S. 40® E.. 
to S, as is seen* by the glaciation at Wellington Station, Intercolonial Eailway* It 
consequently encountered the triassic transportation before it reached the harbour.. 
The united freight was earned along the harbour to the Atlantic and discharged at 
Thrum-Cap or beyond, and then when the glacier retreated, McNab’s Island, Point 
•Pleasant, George’s Island, Navy Island, and other accumulations, were discharged 
in succession. Thrum-Cap is the ultima thule of the great S.E, glacial transporta*^ 
tion of Eastern Canada. 


5 , Gleanings from Ouiorops of Silurian Strata m Red River Valley^ Manitoba,. 
By J. Hoyes Paeton, M.A. 

The country north of Winnipeg is apparently a Yerj level prairie, but there are 
several places where Silurian beds crop out—sometimes f^m beneath the drift on 
the banks of the Bed Biver and Cook's Creek; sometimes as rocks projecting 
above the prairie level. The beds exposed are lAn^tones, which are worked for 
ornamental and other purposes. : . , . ^ ' 

There are four loeswities on the river bants, rixteen to twenty-one miles north‘d 
east of'Winnipeg, which the author groups together as yielding much the same 
between St Afidlevrs (Ndrth) and East Selkirk-, The fossils 
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found liere are Pal^Bophycus^ numerous Corals, and Oeplialopocls, some Bracliiopods 
and Trilobites. 

Tbe localities north and north-west of Winnipeg give a rather difierent fauna. 
Stony Mountain rises in a horseshoe shape, about sixty feet above the prairie on 
the north and north-west sides, sloping gradually down to the prairie-level on the 
east. There is here also some drilt, beneath which are very distinct glacial striee 
running north-north-west, Brachiopoda are very numerous^ here. At Stonewall 
the glacial strise are also very distinct, running in the same direction. 

The author gives lists of fossils from the different localities. In many cases 
only the genera are as yet determined. The species will he numerous. The 
following table gives the chief characteristics:— ' 



Selkirk, &c. 

Stony Mountain 

Stonewall 

Lower beds 

Upper beds 

Condition . . 
Action with 
cold acid 
Colour . , • 

Fossils , « , 
Type , , , 

Father soft . 
Much efferves¬ 
cence 

Mottled, dark, 
and light grey 
Numerous . 
Corals and Ce- 
phalopods 

Soft .... 
Effervescence 

Beddish-grey. 

Many . . . 
Brachiopods , 

Very hard . . 
None or slight 

Light grey and 
ochreous 

Few ... * 
Corals , • , 

Hard and flinty 
Slight efferves¬ 
cence 

^ Very white 

Several 

Corals 


The relative positions of these, and their eq^nivalents, appear to be as follows, in 
descending order:— 

Stonewall, Magara limestone. 

stony Hudson Biver. 

Selkirk, &c. Trenton. 


C. The Apatite Deposits of the Frovince of Qiiehec. By Gc, 0. Brown. 

Apatite is worked for commercial purposes only in the county of Ottawa, 

One type of its deposits is that in which it occurs as a constituent of the rock, 
in much the same sense that quartz is a constituent of granite; always remem¬ 
bering that apatite-hearing rock is found in small masses compared with granite. 
In such a type there may be present five, ten, or hfteen per cent, of apatite dis- 
eeminated in particles and in pieces from the size of a pea to that of a hazel-nut, 
inclosed in greenish pyroxenite. Mica is not always present. One of those apatite¬ 
bearing pyroxenites has been observed to occupy the greater part of a surface of 
four or hve acres, having the general strike of the neighbourhood, the lessor part 
being foreign rocks, and both with a length of four or five times the breadth. 
There are seldom clear walls of separation between the particles of apatite and’the 
inclosing rock, such as occur with crystals. In detaching a piece some of the 
mineral may he left attached to the pyroxenite or i>ome pyroxenite may come away 
with the apatite. 

A further development of this type shows much fewer hut larger masses of 
apatite, some exceeding a thousand tons, leaving the same indistinct walls of 
separation and containing pyroxenite masses (from a few pounds to a few hundred 
pounds in weight) more generally rounded than roughly angular, with the same 
indistinct walls of separation, and rarely containing disseminated pyroxenite grains, 
lfe!as?ive iron-pyrites is generally met with in the larger deposits but seldom in 
disiBetoinafeBd grains. In the case of a rock not pyroxenite forming one wall of the 
deposit, the apatite separates cleanly from it. The presence of massive apatite 
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indicates tlie presence of pyrosenite; but the latter is often found without the* 
former. 

The apatite extracted from these deposits varies greatly in quantity; some* 
yielding a few hundred pounds, others a few tons, and so up to over 7,000 tons 
from the largest worked deposit, which is still being worked. 

It has been met with in pyroxenite having a schistose structure in masses of 
from a few pounds to a few tons between the irregular layers. 

Deposits of apatite have been met with which, on the surface soil being 
removed, showed a length of, say, ten times the width; where the width is, saj-', 
four feet the length would be, say, forty feet, narrowing towards the ends. On 
being worked it generally happened that both the width and the length gradually 
decreased until the deposit ran out or left only a narrow streak of apatite; giving 
one the impression that the deposit was the segment of an irregular circular form, 
of which the greater part had been cut off. The strike is generally that of the 
neighbourhood, and the mineral usually separated cleanly from one wall, but 
seldom from both. One might fancy such a deposit had been squeezed into a bed¬ 
like form. 

Mining has extended to a depth of 130 feet, but by far the greater quantity 
has been taken from surface workings—workings open to daylight. 


7. On the Occurrence of the Norwegian * Apaiitbringer ’ in Canada^ with m 
few notes on the microscopic characters of some Latirentian Amphiholiies, 
By Feank D. Adams, MAp.Sc. 

The author first gave a short account of the investigations which have been 
made on this amphibole-seapolite rock in Norway, where all the principal deposits 
of apatite' either traverse it or occur in its immediate vicinity. The deposits of 
apatite in Canada generally occur associated with some variety of highly pyroxenic 
rock, often holding orthoclase and quartz. 

The * Apatitbringer ^ has, however, recently been found in the vicinity of tho 
town of Ariiprior on the River Ottawa. It closely resembles the Norwegian, rock,, 
both in external appearance and in its microscopic characters, containing horn¬ 
blende, scapolite, and pyroxene as essential constituents, A number of amphibo¬ 
lites in the museum of the Geological Survey of Canada, which resemble this rock 
in appearance, have been sliced and examined with the microscope, and one of them 
found to contain scapolite in large amount. It was collected at Mazinaw Lake, in 
the township of Ahinger, and is from the same belt of hornblendic rocks as that in 
which Arnprior is situated. The paper closed with a short account of some of 
these ampmbolites. 


8. On the Acadian Basin in American Geology^ 

By L. W. Bailet, M.A., RBB.O. 

The Acadian Basin, embracing the region bordering on and including the Gulf 
of St. Lawrence, toother with the provinces of New Brunswick, Nova Scotia^ 
Newfoundland, andTrince Edward Island, constitutes one of the natural physical 
divisions of the continent of North America, and exhibits many marked peculiari¬ 
ties of climate and fioral and faunal distribution. In its geological structure, and 
in the history which this reveals, its individuality is not less clearly marked, 
being often in strong contrast with that of other portions of the continent farther 
west; and in some periods and features even exhibiting a doser relationship with 
the geology of Europe. In the present paper, the facts bearing upon this in¬ 
dividuality are summarised and discussed; including the eonsideration of the 
varying land-surfeces of Acadia in different eras, the time and nature of its physical 
movempnt8,dts climate and its life. A review of recent progress in the investigation 
of its geological structure is also given* , 
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9. Tennsyhania before and after fhe Mevaiion of the Appalachian Mown'- 
tains. By Professor E. W. Clatpole, B,A.^ B.Se.Lond., F,OS. 


The paper, of which the following notes are an abstract, is intended as an 
attempt to handle, in a necessarily imperfect manner, and only to first approxima¬ 
tions, a difficult but important and interesting geological subject. The method of 
treatment is, in the writer’s opinion, one that has not hitherto been employed for 
the same purpose. 

The object in -view is to form some estimate, as near to the truth as possible, 
of the amount of compression or shortening produced at the surface by the corru¬ 
gation of the upper layers of the coast into mountain chains, with especial reference 
to the American Atlantic seaboard. 

In order to confine the paper within due limits, certain propositions must be 
taken as proved. The principal of these are: 

1, That centiai contraction has developed tangential pressure in the crust. 

2. That the tangential pressure has produced crumpling of the crust. 

3, That to this crumpling are due long ranges of mountains. 

4. That the Appalacliian Mountains came into being in this manner in the 

later portion of the Palseozoic era. 

These admitted, the conclusion necessarily follows that during the formation 
of the Appalachian Mountains a considerable contraction of the crumpled area 
ensued, in a direction at right angles to that of the chain. 

The following points constitute the main features of the paper; 

1. A short account was given of the mountains of Middle Pennsylvania in plan 
and section with diagrams, and the field of study limited to eleven great ranges 
<irossing the State from N.E. to S.W. Theso were 


Blue Mountain 
Bower ]\roiintain 
Conecocheague Mountain 
Tuscarora Mountain 
Shade Mountain 
Black Log Mountain 


Blue Bidge 
Jack’s Mountain 
Standing Stone hlountain 
Tussey Monntain 
Bald Eagle Mountain 


2. A line of sections at right angles to these ranges was chosen and its position 
113 given from near Warrior’s Mark, in Huntingdon, to near Carlisle, in Cumber¬ 
land, sixty-five miles in length* 

3. An attempt was made to estimate the length of the original contorled bed of 
Meania Sandstone of which all these mountains consist, and after making ample 
allowance for all necessary deductions for the flattened tops of the arches and 
bottoms of the synclines, and assufning for tbe ranges an average dip of 45^, the 
conclusion was reached that the first portion of the section of forty-nine miles in 
length represented about sixty miles of horizontal stratum before it was cor¬ 
rugated. The second portion being more strongly i)licated and its folds over¬ 
lapping gives yet higher results, and the whole sixty-five miles of the section line 
were considered to represent about one hundred miles of surface before corrugation 
took place. 

4. Such mass-motion as this involves the displacement of whole counties, and 
the shoving of their superficial strata over those below them, to an extent seldom 
fully realised. The travelling of a whole county in this manner for thirty or forty 
miles is a view in geology not easily pictured to the mind; yet the south-east line 
of Cumberland county must have moved over at least this distance. Toward the 
northvwest this movement diminished, until the sHding, yielding mass was arrested 
mgainat the beds of the Midland district, which formed the great bufibr-plate on 
^iS^hthe earth pressure spent itself. 

In ikvnclusion allusion was made to some suggestions which have been put 
I, to account for this crumpling, none of which are sufficient, for some cause 
mtKsh teger amount of contraction is required to explain the facts here 
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10. On the Occtirrence, Zocalitiesy and Output of the Uconoinio Minerals 
of Canada, By William Hamilton Meeritt, F,G,8, 

In tills paper an endeavour was made to collect from the maps of the Greolo^ical 
Survey the nWher of localities where the various economic minerals found in 
Canada are situated^ and the geological formation in which the occurrences exist/ 

From the trade and navigation returns, and the annual mining report of Nova 
Scotia, the mineral output for the past year has been compiled in order to show 
the present condition of mining industry in Canada. 

The lack of encouragement and assistance to mining industry from the non¬ 
existence of any department in the Central Government for collecting reports and 
statistics on mining was alluded to forcibly. 

The paper was accompanied by a list of the principal localities of the economic 
minerals of Canada, and the geological formation in which they ocenr. This list 
showed that indications of valuable ores are very numerous and yddespread from 
IS'ewfoundland on the Atlantic to British Columbia on the Pacific Ocean, The 
chief yield is shown to be from coal, gold, iron, gypsum, apatite and copper. 

It was also pointed out that it was not intended to convey the idea that the 
different minerals were limited to the localities mentioned. They ought more to 
be looked upon as a few indications of an exceptionally large milling development 
which is hopefully looked forward to in the near future. 


FBIBAX, AUGUST 20. 

The following Papers and Eeport were read 

1. Phases in the Evolution of the North American Continent 
By Profesor J. S. Newberry, M,D. 

As the day had been assigned to papers bearing on the ice period, Dr. Newberry 
limited his remarks to the condition of North. America during the Tertiary and the 
Glacial age. Pie exhibited a map of North America on which the areas where 
glacial debris or insQriptions had been found, were coloui’ed white. This showed 
that more than halfiof the Continent in the Glacial epoch was covered with per¬ 
petual snow qr ice. The margin of the drift area passed from Newfoundland by 
- Georc^e’s Bank to Cape Cod, thence traversed the middle of Long Island, crossed 
Staten Island near its southern extremity, and New Jersey near Trenton. Thence 
it was deflected nol’thward through Pennsylvania, forming anangle in the southern 
part of Western New York, thence passing diagonally across Ohio to Cinciimati, 
reaching (as recently shown by Prof. G. F. Wright) into Kentucky, thence running 
north-westerly dr westerly through the States of Indiana and Illmois into Missouri, 
whence it followed nearly the course of the Missoiud Eiver to the Canada line. 
All the country included in ,and north of this semicircle has b^n glaciated, its 
topooraphy profoundly modified, and the surface of a belt surrounding the Oanaman 
HigSlands 2,000’miles in length by nearly 600 in breadth, covered with a sheet of 
didl^is. which after much erosion is still from.80 to 60 feet in tMcImess, 

On the mountain ranges of the West, conspicuous evidence of glacial action is 
'visible as far south as the north line of New Mexico. These phenomena afford 
conclusive proof of the reality of the ice pOriod, and that - the present climate and 
physical conditions of Greenland peached in that age as far south as New York and 
'©incmnati. The elevation of the Continent was at that time less than at present, 
. mm the Ohamplain Glaya—the fine material ground up by the glaciers and washed 
down to the ocean—reach the sea level about New York, At Croton Point on 
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Hudson they rise to 1,000 feet, at Albany 200, in the Champlain Valley, 350, at 
Montreal 500, in Labrador 800, at Davis Strait 1,000, and at Polaris Bay, as re¬ 
ported by Dr. Bissell, 1,600 feet above the ocean level. These clays contain Arctic 
shells from New York to Greenland, and hence are shown to have been deposited 
dxudng the ice period. 

The elevation of the northern position of the continent during the Tertiary— 
when land connection existed between America and Asia and between America and 
Europe, while a mild climate prevailed at the north—and the depression of the 
northern half of the Continent during the ice period make it impossible to accept 
the Lyellian hypothesis of topographical changes as causes of these differences of 
climate, and compel us to look to some extraneous infiuence for the cause of the cold 
of the ice period. 


2. Marginal Karnes, By Professor H. CARYiLTi Lewis, M,A, 

During his exploration of the exti*eme southern edge of the ice-sheet in 
Pennsylvania the author had an opportunity of studying certain short ridges of 
stratified drift -which appeared to represent in many cases a hachward drainage of 
the melting edge of the glacier, and for which he proposed the name marginal 
kames, ^ 

After describing^ the general characters of kames, eskers, and osars, as studied 
in different parts of the world, the author reviewed the researches of Ard^erican 
geologists upon this subject, and discussed the various theories as to the oriferin of 
these curious deposits. He then described in detail a number of marginal fiames- 
in Pennsylvania, indicating their relationship to the great terminal moraine sfrom 
which they are clearly to he distinguished), and. to the lines of the present draimage. 
He showed that these kames are made of stratified sand and gravel, finest witii^m 
and often copse without, that they have a rude anticlinal structure, th^ 
boulders and till often lie on top of them, that they contain no shells or other 
indications of having been shore-lines of any kind, and that while bearing no 
relation to the movement of the glacier, their courses coincide with the general" 
drainage of the region in which they lie. 

It was argued that marginal kames are due to suh-glacial streams draining the 
edge of the ice-sheet. When the terminal moraine rested against an upward 
slope this suh-glacial drainage was backward or into the ice. A study of the 
terminal moraine had led the author to the same conclusion, and a number of 
examples were given to show in certain places the absence of any drainage 
outwards from the glacier. 

Finally, the sub-glacial drainage of the modern glaciers of Greenland and 
of Alaska was aihided to, as also the aqueous nature of much of the till in the 
lowlands, all of which strengthened the conclusion arrived at concerning marginal 
kames, and concerning an extended sub-glacial drainage of the American ice- 
sheet. 

(The paper was illustrated by a number of lantern views of kames and 
moraines, most of them from photographs taken in the field.) 


8. Twelfth Bejport on the Krraiio Blocks of Bngland^ Wales^ and Irelands 

See Eeports, p. 219. 


4. On Fhxion-Stnicture in TillA By Hugh MinLEE, 

It has long been recognised as one of the characteristics of the till that its 
long-shaped boulders are striated lengthwise. They have, as it has been concisely 
expressed, been launched forward end-on.’ From the minute and magnifiahle 
striae upon the smaller (e,g, almond-sized) boulders it also appears that these at 

* Published as part ii. of a Paper ‘ On Boulder Glaciation,’ Ecyal Bhydoal Society 
of 188 L 
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least have Tbeen carried forward involved in the matrix, and glaciated chiefly by its 
particles. Under the microscope the particles exhibit most of the varieties of tbim 
and glaciation that are found among larger boulders. The structure of the till 
in many open situations shows that the axes of its stones have been turned by a 
common force in the direction of glaciation; exhibiting a rough arrangement com- 
parable to the fluxion-structure of igneous rocks, the smaller boulders dividing 
around and apparently drifting past the larger, like the tide round an anchored 
skiff. This structure, which has been found by the author over many hundreds 
of square miles, chiefly in the North of England, indicates that at least a sui‘face- 
layer of the till was dragged along, with a shearing movement of particle upon 
particle, producing intimate glaciation within its mass. Proofs are adduced that 
this moving layer w^as in general a surface-layer onljr, and that the till did not, as 
has often been supposed, move forward en masse, licking up its additions from 
beneath. This appears to he the only intelligible explanation of the order (as 
well as the structure) of the boulder-clays of which the author has any practical 
knowledge. In up-lying situations, where the drift consists of raw material, 
fluxion-structures are seldom to be detected. In sheltered spots they are not gene¬ 
rally developed. They are characteristic of well-kneaded till in open situations, 
liable, however, to obscuration by contortions within the mass. Of twelve experi¬ 
mental attempts made near the watershed of England in East Cumberland, 600-900 
feet above tbe sea, to determine the ice-movement from this structure alone, eight 
were correct, three indeterminate, and only one misleading. The pressure and 
movement capable of producing this widespread fluxion-structure seem to have 
been that of some mass vast and far-spreading—closely investing, slow-moving, 
and heavily dragging—such as glacier-ice. It needs only to be assumed that the 
confluent glaciers communicated something of their own movement and structure 
to the ground-moraine below. 

5. Oth the Glacial Origin of Lahe Basins. 

By Alfred B." C. Selwyn, LL.B., F.B.8. 

As we are all aware, a great deal has been said and written on tbe manner in 
which the numerous rock basins now holding lakes have been formed, and that 
they have been assigned by Eamsay and many other geologists to the scooping 
"povver of ice, 

In~’l8'/6; Bamsay, Hull, James Geikie, Judd, Fisher, Bonney, and Hugh 
Miller took part in the discussion of this question.^ 

On December 20, 1876, following the very interesting remarks on this subject 
by the authors above named, I wrote as follows: ^ 

* In reading the correspondence and remarks on the origin of Lake basins, in the 
November and other numbers of the * Geological Maga25ine,' it has occurred to me 
that the glacial origin of these basins may be explained without supposing the ice 
to have scooped them out of solid rocics, such as we now see around them. I have 
been led to this idea by a study of the phenomena connected with the decomposi¬ 
tion of rocks in situ in southern latitudes—Australia and Brazil. 

'Bimilar facts, I am informed, may likewise be seen in South Carolina, 
Georgia, &c. 

^ In these southern regions, which have never been glaciated, the surface over 
more or less extensive areas consists of quite soft decomposed rock, and mining 
operations have shown that the decomposition has been, from some unexplained 
cause, very irregular in its action, and that often great masses resembling boulders 
are quite unchanged though completely surrounded by the decomposed material; 
and the varying depth to which the decomposition has extended has resulted in 
producing an underlying solid rock surface, as full of hollows and depressions of all 
shapes and sizes as can be found in any of our northern lake regions. And if we 
admit that prior to the Glacial period these norths lake regions were similarly 

^ Geological Magmine, vols.^ iii. and iv., 1876 an! 1877. 

* Geological Magazine^ voL iv.,.p. 93. 

1881 3 A 
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covered vrith. a mantle of decomposed rock^ then the ice would not recjuire to exert 
any very extraordinary power in order to scoop out any number ot lake basins, 
and to leave enormous—apparently water-worn—boulders scattered over the face 
of the country as we now find them. 

^ In Brazil these, what may be called, boulders of decomposition,” with their 
surrounding decomposed matrix, were mistaken by Agassiz for glacial boulder 
drift. Their true value, however, having been subsequently pointed out by 
Professor Hartt, I examined some of these supposed glacial drifts in 1869, and from 
personal observation can endorse Professor Hartt’s view of their nature.^ ^ 

The letter above quoted seemed at that time—1876—to close the discussion; 
nor, so far as I am aware, has the theory I then advanced in explanation of the 
origin of these rock basins been since alluded to by any one. Therefore I thought 
it was not inappropriate or without interest, on this occasion, and surrounded as we 
are by a vast region of such lakes and lakelets, to again refer to the subject. 

I have now nothing to add to the facts stated in my letter written eight years 
ago. I have, however, since then had considerable opportunities for studying the 
lakes of our great Laurentian region, as well as the action of winter ice around 
our coasts, and I am more than ever convinced of the inadequacy of ice, however 
thick, to scoop out solid hard rocks, or to produce the phenomena of lakes and 
boulders which our great northern glaciated regions now present. "While if the 
explanation I have advanced is admitted, and as yet I have heard no objection to 
it, all difficulty seems to disappear. 


6. 0% Points of Dissimilarity and Besemhlance between Acadian and Scottish 
Glacial Beds. By Ralph Richardson, F.B.S.JE. 

Mr. Richardson said that, in his < Acadian Geology,’ Principal Dawson gave the 
following as a typical section of the superficial geology of Acadia—^tliat is, Nova 
Scotia, New Brunswick, and Prince Edward Island—and as, in some respects, also 
applicable to Canada and Maine, viz.: At the bottom, peaty deposits ; then unstra¬ 
tified boulder-clay; then stratified Leda-clay, indicating deepwater; and, lastty, 
gravel and sand-beds, the Saxicava-sand indicating shallow water. Mr. Richardson 
pointed out wherein such a section differed from and resembled the glacial beds of 
Scotland. He said the latter showed no such orderly arrangement as the Acadian, 
and could not, as a rule, be divided into deep and shallow waterbeds. The marine 
shells in the Scottish beds are all mixed up together, regardless, as a rule, of the 
province—^whether Arctic or British, or both—^to which they properly belong; regard¬ 
less of the depths which they usually tenant, and regardless of the deposit "(whether 
clay, gravel, or sand) in wfiich they are now found fossil. They are likewise met 
with at all heights, from the level or the sea to more than 500 feet above it. No 
system of dispersion of boulder-emtics from defi.Dite centres in Scotland seems as 
yet ascertained. The peaty deposits occurring in Principal Dawson’s section Maio 
the boulder-clay or till, occur in Scotland above it. With regard to points of 
resemblance, the facies of the shells in Acadia and Scotland is similar, being of the 
Arctic and &ilish-Arctic type. Again, both in Acadia and Scotland, all the shelly 
glacial beds occur above the unstratified boulder-clay or till* Mr. Richardson cited 
various Scottish sections to prove this, and remarked that the belief in earlier and 
later boulder-clays is of long standing in Scotland. He concluded by pointing out 
that, in their cardinal features, the Acadian and Scottish glacial beds seemed to 
coincide.^ In both Acadia and Scotland that great mass of unstratified clay Icnown 
as till existed; and, doubtless, the geologists of the New World were, like those 
of the Old, puzzled to account for its origin with certainty and satisfaction. The 
‘Question was left unsolved by the meeting of the British Association in Edinburgh 
, in 1850, although then discussed by Hugh Miller and Professor John Fleming. 

‘vThe eiuthOr hoped that during the present meeting some advance would be made 
"in )^lying this great problem, as well as in correlating and arranging the glacial 
Ad&aaa,indsvRritain. ^ 
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7. On the improbability of the theory that former Glacial Feriods in the 
Northern Hemisiphere were due to Eccentricity of the Earth’s Orbit, and 
to its Winter Ferihelion in the North. By W. F. Stanley, F.G.S.^ 
FB.Met.Soc. 

The theory of Dr. Oroll, accepted hy many geologists, is that former glacial 
periods in the Northern hemisphere Trere due to greater eccentricity of the earth’s 
orbit, and to this hemisphere being at the time of glaciation in winter perihelion. 
This theory is supported upon conditions that are stated to rule approximately at 
the present time in the Southern hemisphere, which is assumed to be the colder. 
Hecent researches by Fexrel and Br. Hann, with the aid of temperature observations 
taken by the recent Transit of Yenus expeditions, have shown that the mean tempera¬ 
ture of the Southern hemisphere is equal to, if not higher than, the Northern, the pro¬ 
portions being 16*4 0. Southern, 15*3 0. Northern. The conditions that rule in the 
South at the present time are a limited frozen area about the South Pole, not ex¬ 
ceeding the sixtieth parallel of latitude; -whereas in the North frozen ground in 
certain districts, as in Siberia and North-Western Canada, extends beyond the 
fiftieth parallel; therefore by comparison the North, as regards the latitude in 
which Great Britain is situated, is at present the most glaciated hemisphere. As 
it is very difScult to conceive that the earth had at any former period a lower 
initial temperature, or that the sun possessed less heating power, glaciation in the 
North could never have depended upon the conditions argued in Dr. Oroll’s theory. 
The author suggested that glaciation within latitudes between 40° to 60° was pro¬ 
bably at all periods a local phenomenon depending upon the direction taken by 
aerial and oceanic currents; as, for instance, Greenland is at present glaciated, 
Norway has a mild climate in the same latitude, the one being situated in the pre¬ 
dominating Northern Atlantic currents, the other in the Southern. Certain physical 
changes briefly suggested in the distribution of land might reverse these conditions, 
and render Greenland the warmer climate, Norway the colder. 


8* On Ice-Age Theories. By the Rev. E. Hill, ILA., F.O.S. < 

On file Montreal ^Mountain, in the neighbouring quarries, at the mouth of the 
Saguenay River, and more or less everywhere over all Canada and all the north 
and north-west of this continent, are seen phenomena which imply a former vastly 
extended action of ice. The like are found over Europe and Asia, thus completely 
encircling the pole. Many theories have been propounded to account for these 
facts. It is proposed to pass these before you in review. 

Any explanation ought to account not only for cold greater than the present, 
but foi"accumulations of snow and ice. A kindred phenomenon is the greater size 
of the Antarctic ice-cap. The supposed interglacial warm periods, and the un¬ 
questioned luxuriance of Miocene vegetation in Greenland, ought also to find their 
causes in any thoroughly satisfactory theory. 

The theories which'have been propounded fall into three gi’oups, as Cosmical. 
Terrestrial, and Astronomical (or Periodical). 

The Cosmical theories are Poisson’s Cold-Space theory—incomprehensible; and 
the Cold-Sun theory of S. V. Wood and others—lacking any evidence. 

The Terrestrial theories are numei'ous. Lyell’s suggestion of Polar-continent 
and Equatorial-ocean is opposed by evidence that continents and oceans lay on 
much the same areas as now. The contrary view. Polar-ocean and Equatorial-land, 
would deserve consideration but for the same opposing evidence. The elevation 
view (Dana, YVallace), which alleges greater altitude of mountain-chains, 
disagrees with the strong evidence for land-depression daring the period. The sub¬ 
mergence view of Dr. Dawson agrees with this evidence, but requires elucidation. 
Alteration of ocean-ciirrenta (Gunn, J. S. Gardiner) is a most powerful agency, but 
would act locally rather than universally round the pole. Alteration of prevalent 
winds, hitherto worked out by no one, desen^'es attentive consideration. Conditions 
are conceivable which would produce over an area winds fi'bm cold quarters almost 

3x2 
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permanently. However, this seems open to the same objection as the preceding^ 
theory. 

Last come the Astronomical or Periodical theoides. A tilt of t he earth’s axis 
was suggested by Belt, but suggested as owing to causes which arc wholly insuffi¬ 
cient. Tilting from astronomical agencies is slight, though its action Avould be in 
the direction required. Herachel suggested the Eccentricity theory, but abandoned 
it. Adh^mar’s Precession theory, as explained by himself, involved an absolute 
fallacy. The celebrated view of Dr. Oroll combines the Precession and Eccen¬ 
tricity theories into one. It exactly agrees with the Antarctic greater extension 
of ice, and provides an explanation of interglacial warm periods. The great diffi- 
ciilty in its way is to see how a mere difference in distribution through the year of 
an unchanged total heat-receipt can produce consequences so vast. The laws of 
radiation explain but a very minute part, the laws of evaporation perhaps rather 
more; but, so far as can at present be seen, both together are inadequate. Another 
serious objection is that the theory seems to require the climate of the northeriu! 
hemisphere to he now in a state of change for the better, of which at present there 
appears no evidence. 

Dr. Croll’s elaborate explanations of the reaction of one effect upon another— 
fogs, deflection of currents, and the like—have no special connection with his 
own theory. They would act in all cases, and support all theories equally. The 
arguments, if admitted, would only prove that the earth’s climates are in a state of 
highly unstable equilibrium, in which a slight cause may produce an enormous 
change. Nor are his arguments universally admitted. 

In conclusion, Dr. Croll’s theory seems inadequate: alteration of currents and 
winds are the most powerful causes suggested hitherto: further investigations 
ought to be made as to the nature and extent of the last series of changes in the out¬ 
lines of the continents of the globe. 


9. On the recent Discovery of new and remarhahlp Fossil F'isJies in the 

Garloniferous and Devonian Mocks of Ohio and Indiana. By Professoi* 
J- S. Newberry, MJ). 

The fishes described by the author consisted of:— 

1. Two new species of Dinichthys from the Huron Shale (Upper Devonian) of 

Northern Ohio. Of these one is considerably larger than either of the two gigantic 
fishes described in the Greological Beport of Ohio under the names of Dinichthys 
Herzeii and D. Terrellij the cranium having a breadth of 3 feet 8 inches. This is 
about one-third larger than the largest specimen of Dinichthys before Imown, and 
two or three times as large as of Hugh Miller and ileterostens of Pander, 

its congeners. Another is a small species of Dinichthys of which the dorso-median 
plate is only 6 inches in breadth and 6 in length. The mandibles are not more 
than 6 to 8 inches in length, but are much worn by long use, indicating maturity. 

2. The pavement teeth of a gigantic ray, Arckocobatis yiyas, Newb., from the 
lower Carboniferous of Indiana; the largest tooth is over 6 inches long by 4 inches 
wide and one and a half thick. These teeth formed several rows in the moxith 
above and below. In shape they resemble the teeth of Psmnodm, but the enamelled 
surface was strongly ridged to prevent the slipping of molluscs, Crustacea, &c., 
which formed the food of the fish. 

8. Diplognathm mirahilis^ Newb., a new genus and species in which the maii- 
dibles, set along the anterior portion with conical teeth, diverge at the symphysis, 
forming a fork which carries another row of strong, acute, recurved teeth. As 
such a forked jaw would be liable to be split, the rami were united at the sym¬ 
physis by a strong ligament, deeply inserted in each bone. This apparatus, 
admiraHy adapted for catching slender and slippery fishes, is different from any¬ 
thing hitherto known among vertebrates. 

. , £ The teeth of several species of MylostomUf Newb., a new genus of fishes, 
fdlied to DvmMhys on the one hand and to (kmadm on the other, in 
She under jaw was provided wiiii one or more pairs of powerful crushing 
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teeth, somewhat like a shoe-last in form, which played upon strong, flattened, bony 
plates that covered the roof of the mouth. These, like JDij^lognathus, are from the 
Huron shale of Ohio. 

5. Ctenocliis Wagneri, Newb., of which a remarkably large and finely preserved 
palate tooth was exhibited, discovered by Mr. Frank "Wagner in the Cleveland 
shale near the base of the Carboniferous system at Cleveland, Ohio. 

6. Spines of two species of Edestus, Leidy, from the Coal Measures of Indiana 
and Illinois, which show distinctly the structure and mode of growth of these re¬ 
markable defensive weapons. They are from 10 to 18 inches in length, veiy 
massive and strong, and consist of a series of sheathing segments firmly soldered 
together, each carrying a triangular, crenulated, and enamelled denticle from 1 to 2 
inches in length. The spines are symmetrical and were therefore located on the 
median line like the spines of Trygon, and were probably the defences of large 
sharks or rays which inhabited the inland waters of the Continent in the Carboni¬ 
ferous age. 


SATTIEBAY, AVQUST 30. 
The Section did not meet. 


MONDAY, 8EP1EMDEB 1. 

The following Papers and Eeport were read:— 

1. On the Fossil Eeticulafe Sponges constituting the Family JDictyospongidoe, 
By Professor James Hall, LLJD, 

Our Imowledge of these forms in America dates back to 1842, when Mr. 
Conrad described a peculiar fossil body under tbe name Hydnoceras (in the belief 
of its relation to Orthoceras). Subsequently in the same year another form by 
Vanuxem as a marine plant, and in 1862 Dawson as Algae, and followed by Hall 
in 1863, who described several of the species under the name Dictyophyton; adopt¬ 
ing Vanuxem’s name Uphantsenia for other forms. 

In 1879 Mr. C. D. Walcott described a form referable to this group of fossils, 
from the Uliea State, as Gyathophycus. In 1881 Mr. R. P. Whitfield published 
obseiwations on the structure of Dictyophyton and its affinities with certain sponges, 
accompanied by a note from Dr. J. W. Dawson, on the structure of a specimen of 
Uphantsenia, &c. (D. Walcott on the Nature of Gyathophycus.) 

/ In the same year R, P. Whitfield (with note hy Dr. J. W. Dawson) described 
two species of Dictyophyton and one of Dphanttenia. (Bulletin of the American 
Museum of Natural History.) 

In 1882, James Hall upon Dictyophyton, Phragmodictya, and similar forms 
with Dphantsenia. (American Association for the Advancement of Science,) 

In the European literature, the first notice of which was observed by the writer, 
of any fossil resembling Dictyophyton, is in Murchison’s Silurian System (1839), 
where CopMnm duhius is described and figured. 

(In Morris’ Catalogue this fossil is placed in the category of mcertm sedes.) ^ 

In 1845, Mr. Coy, in his * Synopsis of British Palseogoric Fossils,’ describes 
Tetragonis Danhyi (Receptacidites Banhyi, Salter in MS.) 

In 1874 (43) Mr. Salter, in his Oatalc^ue of the Cambrian and Silurian Fossils 
in the Cambridge Museum, places Tetragonis Danhyi under the Spongidse. 

In 1880, Dr. Ferdinand Roemer has described the genera Dictyophyton and 
Uphantsenia (Lethea geog. Thiel, p. 126 and 128), placing them among the Algse- 
At a later date the same author places Tttragmis Murchisom, T, Danhyi^ and T, 
Eifeknm among the Spongidse. 
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In 1883 tliesame author Zeitschriffc der Deutsclien Geologisclien Gesellsehaft/ 
Ed. XXXV., p. 704) has discussed the relations of Tetragonis EifelmBU, with 
Bietyopliyton, describing and illustrating Dictyopliyion GeroUtdnensk, 

This group presents a great variety of form in the mode of growth. The 
structure of the frond which characterises every member of this family, may he 
described as a reticulation of tubular spicules forming rectangular meshes. In the 
simpler forma these meshes alternate in size and strength, owing to the regular 
alternation in the size of the bundles of spicules which deternaine the meshes. In 
the prismatic and nodose forms, certain bundles of spicules become very much 
developed and produce the characteristic form and ornamentation of the cup. The 
middle layer is uniformly reticulate; while the inner and superficial layer show an 
oblicjue and sometimes a radiate arrangement of spicules. In the highly-ornamented 
species, the outside layer of spicules is often produced into tufts, spines, and 
intersecting fimhria or laminas of greater or less prominence. 

In the foreign literature accessible to the writer, there are six species of this 
family described. In preparing a memoir on the subject he has been able to 
recognise, from personal examination, thirty-seven American forms, the oldest 
geologically being from tlie Utica State, and the latest form from the Keokuk 
limestone of the Carboniferous system. These thirty-seven species have been 
described under the following genera, viz.:—Oyathophycus, Walcott; Dipty- 
ephyton, Ectenodictya, Lyrodictya, and Physospongia, Ilall; and Uphantaenia, 
Vaniixem. 


2. On ilie Lamellihranchiata Fauna of the Upper IleJderlerg, Samiltony 
Foriage^ Chemung and GatsTiill Groups {equivalent to the Lower, Middle 
and Tipper Devonian of Europe) ,* with especial reference to the Arrange¬ 
ment of the Monomyaria and the Development and Distribution of the 
Species of the Genus Lepiodesma. By Professor James Hall, LLJD. 

The investigation of the fossil Lamellihranchiate shells has been carried on as a 
part of the work of the p alaeontology of the State of New York. Already ninety plates 
have been lithographed, and these with their explanations giving the names of the 
fossils have been distributed to the pnncipal scientific societies of Europe and America. 
The full text of the descriptions of the species of the Monomyaria, 268 pages and 
plates I.-XXXIII. and LXXXI.-XCII., have been published complete. The re¬ 
maining portions of the work are well advanced. 

The Monomyaria are described under twenty-one genera and 284 species. The 
remaining portion of the work contains illustrations of about 215 species under 
thirty-thi’ee genera. 

The author has found it necessary to make subdivisions among the forms usually 
referred to Aviculopecten, and it has seemed equally important to propose other 
generic names for forms which have heretofore been indiscriminately referred to 
Avicula, Pterinea, Pteronites, &e. While the essential internal characters have 
been regarded as of primary importance, such an arrangement has been made of the 
species, that the student may determine their generic relations from the general form 
and exterior markings alone. Since, in all forms of the fossil LamellibrnncHata fhe 
interior surface usually remains attached to the matrix, a reliable means of iden¬ 
tifying the genera hy external chai'acters becomes a consideration of primary 
importance. 

Among the new genera proposed, Leptodesma presents some features in its 
development and distribution which may be of more than ordinary interest* The 
upper part of the Chemung group exhibits such physical features as might be^ ex¬ 
pected firom a gradually sh^lowing sea and the approach of estuarine conditions, 
Numerous circumsesrihed areas appear to have existed, and these, while often charac- 
teripd hy an .abundant fauna, contain few species, and these forms are extremely 
* in their geographical range. The species of the genus Leptodesma are often 
plmmteristic of certain horizonswilmn limited areas, but rarely 
>li^ a distribution through the stmta, as some species of the BracMopoda. 
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They seem to Lave 1)6611 developed, in sliallow lagoons, and the characteristic species 
of one of these areas rarely appear in another. At the same time the physical 
condition or other causes have operated to develop a remarkable variety in form, 
and as it does not seem possible to separate these forms generically, it becomes 
necessary to arrange them in distinct groups or sections. 

These sections have been made with reference to the most prominent charac¬ 
teristic of the forms. Of those already Imown and described, nineteen species are 
conspicuously marked by a posterior spiniform extension of the hinge-line, and 
form the section Spirifera. In another group, where the spiniform extension is not 
conspicuous, the umbo is remarkably prominent, and ten species are arranged under 
the section Umhonata, In other forms, the anterior extremity becomes nasute or 
rostrate, and seventeen species are placed under the section Rostrata, Other forms 
are nearly flat and spreading, with little or no extension of the hinge beyond the 
body of the shell, and these forms are placed in the section Patulata, Other forms 
have the hinge-line shorter than the width of the shell, the anterior end rounded or 
truncate, and having the general form of Area. Of these, six species are placed 
under the section Arcoidea. Still, a few other forms have the aspect of Mytilus, 
and two species are placed under the section Mytilmdea. Here we have a group 
of shells among which we find no means of generic separation; and yet within its 
limits the species are developed in the direction of several other genera, so far as 
regards form and other external characters. The studies of this genus have been 
made from collections of many hundreds of specimens with the result stated. An 
examination of a more limited number of examples could easily have led to the 
reference of some forms to the genus Mytilus, some to Area, and others to new and 
distinct genera. 

The forms of this genus, as at present limited, certainly exhibit evidences of a 
most remarkable development in form and external characters; and are well 
worthy the study of the specialist in this department of Palaeontology. 


3. On the ArcJicea7t Rocks of Great Britain. By Px’ofessor T. G-. Bonnet,, 
, B.Sc., LLB., FAS., Fres.G.S.—See Reports, p. 529. 


4. The Foznio Bocks of North America} 

By T. Steert Hunt, LL.I>,, F.B.S. 

Among the pre-Cambrian strata of North America there is an invariable 
succession of crystalline stratified rocks, the constituents of which become pro¬ 
gressively less massive and less crystalline, until we reach the sediments of 
palaeozoic time; of which the Cambrian is regarded as the basal member. Since 
all of these pre-Cambrian rocks, with the exception, perhaps, of the lowest or’ 
fundamental gneiss, present evidences, direct or indirect, of the existence of organic 
life at the time of their deposition, it seems proper to indude them under the^ 
general title of Eozoic, proposed by Sir William Dawson. The term Archaean- 
appears too indefinite in its signification, and moreover is not in accordance with- 
the nomenclature generally adopted for the great divisions succeeding, 

Tbe following are the subdivisions adopted by the author:— 


Taconian . 


Montalhan 
Muvonian 
Armnian . 


Quartzite, limestones, and micaceous and argillaceous schists 
(including the AnimiMe series of Lake Superior) 4,000 to 
10,000 feet thick. 

Fine grained white gneisses, passing into granulites, or into 
coarse-grained mica-schists, over 20,000 feet thick. 

( = Pebidian) schistose rpeks, with stratified ‘Gabbros;^ 
18,000 feet 

Halleflintas, passing into quaxtziferous porphyry; many 
thousand feet thick. 


* Printed in full in Geol, Mag. die III, vol. i. pp, 506-530, 
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jro 7 ^Ln . , . Quartzless graaitoid or fcaoisaoid rocliS; willi plagioclase 
felspars (Norites); 10^000 feet. 

Latoektiin* 

Omivlle Series, Granite, 'with hornblendie gneiss, quartzite, pyroxenite, ser¬ 
pentine, magnetite, and crystalline limestone, containing 
JEozoon ; 15,000 to 20,000 feet. 

Offaica Gneiss . Granitoid gneiss. 

All these are iinconformable to each other, save perhaps the Arvoniaa and 
Norian. 

The Arvoniaa or petrosilex group intervenes between the Laurentian and the 
Iluronian, but the peculiar chai'acters of the Norian, and its localisation to some 
few limited areas in Europe and North America, make it difficult for us, as yet, 
to define its precise relations to the Arvonian, The Norian, however, probably 
like the Arvonian, occupies a horizon between. Laurentian and Iluronian. Much 
time may pass, and many stratigraphical studies must be made before the precise 
relations of the Ilui'onian and the succeeding Montalban can be defined. It seems 
probable, in the present state of our knowledge, that the Montalban series was, in 
many cases, deposited oyer areas where the Huronian had never been laid down. 
Notwithstanding the great geographical extent, and the importance of these two 
series, neither can claim that universality which probably belonged to the primitive 
granitic substratum, a universality soon interrupted by the appearance of ary land; 
an event which preceded Huronian time. 

The author fetched the history of opinion regarding the relations of the lower 
Palseozoic to the Eozoic rocks; he stated that recent researches have shown that 
the Transition Greywacke of Eaton, which was the Upper Taconic of Emmons, 
and includes the primordial or Cambrian fauna, rests in unconformable stratifica¬ 
tion upon the various crystalline Eozoic rocks. The Quebec group of Logan,^ as 
well as what he called the Potsdam group, is this same Cambrian or Transition 
Greywacke. The Hudson Paver group also, as first described by Vanuxem and by 
Mather, and later by Logan up to 1860 (when he changed its name to that of the 
Quebec group) is nothing else than this same Cambrian Greywacke, with the 
addition, in certain localities, of a portion of Taconian, and in other of schistose 
beds containing the second or Ordovician fauna (Utica and Loraine shales). The 
above explanation becomes necessary for the reason that the Canadian geologists 
(Logan and the present writer) formerly described certain crystalline schists, 
chiefiy Iluronian, as altered rocks of the Hudson Liver group, and later (from 
I860 to 1867) as of the Quebec group. 

The cupriferous series of the basin of Lake Superior (the distinctness of which 
was maintained by the writer in 1873, when he called it the Keweenaw group, a 
name which he subsequently changed to Keweenian), which has a thickness pro¬ 
bably greatly exceeding 20,000 feet, was also by Logan referred to the Quebec 
group. It iias, however, been shown by later observers that the fossiliferous 
sandstones which rest in horizontal layers upon the inclined strata of the Keweenian, 
belong to the Cambrian, and hold the fauna of the Potsdam. The conglomerates 
of the Keweenian cupriferous series contain portions alike of Laurentian Arvonian, 
Huronian, and Montalban rocks, and appear, according to the latest observations, 
to overlie the schists which we have referred to the Taconian. The sandstones and 
argillites of the Keweenian, which are interstratified with great masses of mela- 
plipn, are uncrystalline. It remains to be determined whether the intermediate 
Keweenian series has greater affinities with the Taconian than with the Cambrian. 


5. First Impressions of some Fre-^Omibrian Focks of Canada, 

’ By Professor J. P. Blaxb, MA.^ F,G.S, 

The author had examined the Huronian rocks in their typical locality on the 
north ^ote of Georgian Bay, and the rocks referred to the same group in some of 
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the other localities. He saw no relation whateyer between the typical Huronians 
and the British * Pehidian/ and other rocks which had heen compared to them, 
though the latter had some resemblance to the * Animike * group of Port Arthur. 
He drew special attention to the volcanic nature of a great part of the Hastings 
series, and compared these with the so-called ‘ Arronian ’ portion of the Pre-Oam- 
brian of Great Britain. 

6. On the Southward Ending of a great Syndmal in the Taconic Banged 
By Professor James D, Dana, LL.B. 

The Taconic Eange, which gave the term ^Taconic’ to geology, lies inAYestem 
New England, between Middlebury, in Vermont, on the north, and Salisbury, in 
Connecticut, on the south. In former papers, published in the ‘ American Journal 
of Science,’ the author has shown, first, that the rocks constituting the range vary 
as we go from north to south, from roofing-slate and hydro mica (or sericite) 
schist to true chloritic and garnetiferous mica schists; secondly, that these schists 
lie mostly in a synclinal or compound synclinal; thirdly, that the crystalline 
limestone along the eastern foot is one with that along the western, the limestone 
passing under the schist as a lower member of the synclinal; and, fourthly, that 
since the limestone contains in Vermont (according to the discoveries of the 
Vermont Geological Survey, and also of Mr. A. Wing), and in the State of New 
York, fossils of the Lower Silurian, ranging from the inferior divisions to the 
higher, the Taconic schists are probably of the age of the Hudson Biver group or 
Llandeilo flags. 

The author’s pa-pers further show that while a large part of the Taconic Range 
has an eastward dip on both the east and west sides, a southern portion about 
twelve miles long, consisting of Mount Washington in south-western Massachusetts 
and its continuation into Salisbury, Connecticut, is a broad tray-shaped synclinal, 
the dips of the two sides being toward one another, like the sides of an ordinary 
trough. The width of the broad synclinal between the limestone belt on either 
side is about five miles. 

As the result of investigation during the last two years, the synclinal character 
of this Moimt Washington part of the Taconic Range it. illustrated in the paper by 
new sections, and by facts connected with the dying out of the great synclinal (or 
compound synclinal) in the town of Salisbury. 

The mean height of Mount Washington above the sea-level is about 2,000 feet, 
and above the wide limestone region on either side and to the south, about 1,250 
feet. The synclinal virtually ends along an east and west line through the village 
of Lakeville, in the tovm of Salisbury, where a beautiful lake lies within 
the limestone area. The surface of the mountain region descends 1,000 feet in the 
southern, or last, three miles \ and in the latitude of Lakeville the width, as the 
map presented shows, diminishes abruptly from five miles to a narrow neck of six- 
tentbs of a mile. The area south is of limestone, and the neck of schists referred 
to is hardly 150 feet in height above it. 

The limestone may in some places be seen emerging from beneath the schist at 
a small angle; and at one locality a low oven-shaped anticlinal of limestone has 
the schist covering all but a narrow portion at top 5 the quarrymen had to remove 
the schist to work at the limestone. Several narrow strips or belts of limestone, 
S. 16® W, in direction, corresponding with the direction of this part of the range, 
show out through the sides of the mountain where local anticlinals have had their 
tops worn ofi’. Further, the dip of the schist over much of the southern slope is 
southerly and at a small angle, but with many local anticlina-ls and synclinals. In 
addition, there are small areas of schist m the limestone region, like straggling por¬ 
tions of the dwindled mountain, which appear in general to be remains of local 
fiexui’es. 

There is the plainest evidence that the limestone formation of southern and 

Rcinted in full in American Jmimal of Soieme^ Ser. 3, vol. xsvxii. pp. 268-275, 
with map and six woodcuts; 1884. 
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soutli-eastern Salisbury comes out from beneath the dwindled, flatteued-out and 
worn-off mountain synclinal. And the reason why this limestone is exposed to 
view over plains miles in width, east and west of the Taconic Mountain, as well as 
to the south, is simply this, that the once overlying schist has been removed because 
in badly broken anticlinals and synclinals. 

The paper closed with an allusion to the orographic, stratigrapliical and litho¬ 
logical interest of the facts, and to their important bearing on the question of tho 
origin and chronology of certain kinds of crystalline rocks, such as chloritic, gar- 
netiferous and staurolitic mica schists, as well as others less coarsely crystalline. 


7, Notice of a Geological Map of Monte Somma and Vesuvim. 

By H. J. JOHNSTON-IiAYlS, Jf.D., F.G.S. 

Vesuvius (using this term for the whole volcanic pile) is of all known volcanoes 
that one which has been most studied and written about, its phenomena more 
investigated than any of its rivals, and although its early history is not so complete 
as that of its fellows, Etna and Stromboli, yet its eruptions during the Christian 
Era are so intimately connected with the ill-fated cities of Pompeii, &:c., and thus 
with archseology, that this alone is sufficient to make it most prominent. 

But beyond this its geological structure is so varied, its products so numerous, 
its past and present historic activity permitting the comparative study of these to 
be carried on, together with its convenient size and accessibility, led the author 
some years since to conceive the idea of minutely investigating its phenomena and 
structure, which it is his intention to publish in the form of a monograph and a 
geological map. 

The two out of six sheets forming the splendid map constructed in 1876, by the 
students of the Italian School of Military Topography, on the large scale of 
1 ; 10,000, have been coloured in seven different tints, indicating the various 
products of different eruptive periods' with indications of dykes, of lateral 
craterlets, of springs simple, or thermo-mineral, blowing caverns, buried antiquities 
(of geological interest), &c. The work has now extended over four summers, and 
the examination of about half, including the most complicated part of the mountain, 
has been completed, and the author hopes ttiat if he is able to continue the work 
during the present and next summer, to finish it by the autumn of 1885. This 
long time occupied in the work is dependent on various causes. 1st. The great 
intricacy of the geology. 2nd. The thick vegetation requiring very numerous 
traverses. 3rd. The author, for professional reasons, being only able to devote the 
summer months to the work, the hot Neapolitan sun of this season is so exhausting 
that not more than four field days a week are possible, and even then at a considemble 
sacrifice of health. In the two sheets exhibited are a few blanks that require 
further study or have been left for various reasons. The work on the other four 
sheets is of so scattered a nature at present that it was not thought advisable to 
exhibit them till in a more complete state. 

Besides the actual mapping, a large amount of notes of a descriptive character 
have been collected, and all the important features and sections photographed on a 
large scale. Specimens of the various lavas, ejected blocks, tufas, pumices, &c., 
have been carefully selected as the work went on, so that the author has now in 
his possession by far the most complete geological collection from the mountain ^ret 
extant, which is open to the study of anyone who should care to investigate its 
contents. 


8. Report on the National Geological Surveys of JSurope ,—See Reports, 

p. 221. 


' 1 Hemoir by the author in Quarterly Journal of tM Beologiml Society^ 

Jannaty 1884. 



TKANSACTIONS OF SECTION C* 


731 


9. The Value of detailed Geological Maps in relation to Water-supply and 
other Fractical Questions, By W, Whitakee, 

Those maps of the Geological Survey of England in which various divisions of 
the Drift have been coloured tell us, as a rule, a very different tale from the corre¬ 
sponding sheets in which the Drift is ignored, and it is only these Drift maps that 
really give us a true idea of the nature of tlie surface. Indeed in many districts a 
geological map that does not show the Drift is comparatively useless for most 
practical purposes, at all events in a populous country like England, where in some 
eases such a map is even misleading. Moreover, it is not enough merely to mass 
Drift as such, but its constituent members should be fairly distinguished, not 
merely with regard to their classification or relative age (and therefore their order 
of superposition), but also as to their composition, whether of clay, loam, or 
gravel and sand. To illustrate this there were exhibited copies of the two versions- 
of many of the Geological Survey Maps of the London Basin, with and without 
Drift, from which the following important points could he at once seen:— 

1. Large tracts, shown as Chalk on one version, really consist, at the surface, 
of the generally impervious Boulder Clay, whilst over others the Chalk is covered 
by Brickearth and Clay-with-flints ; all these beds being such as give a character to 
the country very different from what we find where the Chalk is bare. 

2. Parts of the wide-spreading area of the London Clay (of the Driftless maps) are 
really quite altered, and deprived of their clayey character, by the sheets, long* 
strips, and more isolated patches of gravel and sand that occur so often, whether 
along the river-valleys or over the higher plains. 

8 . The sandy permeable Crags are in great part hidden by Drift, which, though 
often consisting of sand and gravel, is sometimes of Boulder Clay. Indeed so 
widespread is the Glacial Drift in the greater part of Norfolk and Suffolk that 
only a Drift edition of the Geological Survey Maps of the eastern parts of those 
counties has been issued; a map without Drift would necessarily be a work of 
fiction. 

To illustrate the important bearing which these Drift maps have on a great 
question, that of water-supply from the Chalk, the author also exhibited some special 
inapa, which he has made to show the areas over which rain-water has access to 
the Chalk, as distinguished from those over which the surface-water cannot sink 
down into the Chalk, or can only do so very partially. These maps were more- 
particularly noticed in Section G. 


10. On the Mode of Occurrence of Precious Stones and Metals in India. 

By V. Ball, M,A., F.R£. 

Eor full 8,000 years India has been known as the source of precious stones and 
metals, but scarcely 200 years have elapsed since other countries yielding precious 
stones have entered into competition with her; and it is only within the present 
century that she has ceased to hold a pre-eminent position as a supplier of the 
markets of the world. 

In order to arrive at a full and satisfactory elucidation of this subject, two- 
branches of inquiry must be undertaken, one based upon what has been actually 
ascertained by careful geological exploration of the country, and the other upon 
such historical records as are available of the former production of the minerals 
in question, and of the indications of the rites where they were mined. 

By means of our present knowledge of the geology, it has become possible to 
give definite form to many vague statements by early writers, and to recognise the 
actual positions of mines which are now, by the people of the localities.themselves, 
forgotten and deserted. In the majority of these cases, had tlie geologist not got 
the historical hand to guide him he would be unwilling to predicate the presence 
of such minerals from mere superficial examination. 

As a collateral result, many of , the widespread myths and fahles connected 
with mining have proved to have originated in peculiar local customs. They 
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rest, tlierefore, on more substantial bases of facts than could have been suspected 
by any one unacquainted with these customs. 

This method of combining the results of geological research with historical 
ixicords the author has found on previous occasions to have the advantage of bring- 
ing the geologist into touch with the rest of humanity, attracting as it does the 
interest of historians, linguists, and others, who find in tbe facts so presented to 
them pabulum applicable to the requirements of their own particular pursuits* 

In this paper it will not be necessary or suitable to enter at leng^th into details 
—the author having done so elsewhere.^ Ilis object is rather to direct attention 
to the subject generally, and to make known the fact that much has been accom¬ 
plished of late years, which has not as yet found its way into manuals and ency¬ 
clopaedias, Most of the information to be found in such works is far behind our 
present knowledge j and, where not actually incorrect, has been superseded by 
luller and more accurate observations. The subjects taken for special consideration 
are the following:—Diamond, ruby, sapphire, spinel, beryl, emerald, lapis-lazuli, gold, 
silver. The steel of India, or wootz, might he included here, since at least 2,000 
years ago it was one of the most precious productions of India. 

11. Wliat is a Mineral Vein or Lode ? By 0. Le Neve Foster, 

D./Sc., F.G,8. 

The author quoted briefly the definitions of a mineral vein given by Werner, 
Came, B. von Cotta, Grimm, A. von Groddeck, Geilrie, Sandberger, andSerlo, who, 
in common with most geologists, have looked upon mineral veins as ^ the contents 
of fissures.* While admitting that a very large number of veins may be so described, 
the author contended that the exceptions are sufficiently important and numerous 
to warrant a change in the definition. He is of opinion that many of the principal 
and most productive tin-lodes in Cornwall are simply tabular masses of altered 
granite adjacent to fissures; and he brought forward the opinions of other geologists 
to show that certain veins in the English Lake district, the Tyrol, Nova Scotia, 
Nevada, Colorado, California, and Australia are not filled-up fissures. In conclusion, 
he proposed the following deOnition: ^ A mineral vein or lode is a tabular mineral 
mass formed, more or less entirely, subsequently to the enclosing rocks.* 


TUJESJDAY, SEPTJEMBm 2. 

The following Papers and Keports were read 

1. Flan for the Siilject-Bihliogra^hy of. North American Geology. 

By G. k. Gilbert. 

The United States Geological Survey is engaged on a Bibliography of North 
American Geology, The work when completed will give the title of each paper, 
with the title-page of the containing book, and the number of plates, the whole 
being arranged alphabetically by authors. 

There is in contemplation also the simultaneous preparation of a number of 
more restricted bibliographies, each covering a division of geologic literature. The 
plan includes abbreviated titles of papers, with reference to the pages on which tbe 
special subjects are treated, the entries In each bibliography being arranged alpha¬ 
betically by authors. 

The selection of topics for treatment in this manner involves the classification 
of geologic science, and the author submitted a tentative classification, requesting 
the criticisms of geologists. 

[ , . of India,* and * A Geologist’s Contribution to the History of 
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2. On some remains of Fish from the Fjoper Silurian Bods rf Fennsyhania^ 
By Professor E. W. Olaypolf, B,8c. (Loml), F,G,S. 

The earliest vertebrate animals yet known from any part of the world are 
some remains of fish in the l^per Silmian rochs of England. They are for the 
most part of three types. Pirst, short fin-spines, named hy Agassiz Onchus 
tmuistriatus ; second, fragments of shagreen, or the skin "of a placcid fish 
{Thelodus and Sjfhagodus), belonging probably to the same that carried the spine; 
and third, ovate, finely striated plates or shields, supposed to be the defensive 
armour of some fish, unlike any now living. 

No one has doubted the ichthyic nature of the first and second of these three 
forms. But as regards the third there has been much controversy. Evidently 
allied to Cephalaspis, its right to the name of fish has been called in question ani 
suspicion has been raised in regard to the whole family of the Cephalaspids. 

On the whole, however, it seems best to retain them in the class of fishes, and 
to this conclusion Professor Huxley evidently inclines in the conclusion of his 
^ Essay cn the Classification of the Devonian Eish.^ One may expect some, or 
even considerable, divergence of structure from the usual ichthyic types in such 
early forms. 

These English fossils occur in the lowest beds of the Devonian (Cornwall), and 
in the highest beds of the Silurian (Shropshire and Hereford). The weli-knowi^ 
Upper Ludlow ‘bone bed’ has yielded them in considerable quantity, and one 
specimen is reported by Sir C. Lyell in his ^Elements of Geology' (1865) as 
discovered from the Lower Ludlow, beneath the Aymestry limestone.’ Below 
this horizon I have never heard of their occurrence. 

The English Ludlow, taken as a whole, has been usually con’elated ydih the 
Lower Helderberg of North America, and on good grounds, both containing 
JSurypterus and Bterygotus* The English Lower Ludlow and the ater-Lime 
or basal beds of the North American Lower Helderberg are the lowest strata 
containing these fossils. On both sides of the Atlantic they range from this level 
upwards into the Devonian. 

The oldest vertebrate fossils yet announced from America are those found 
in the Corniferous limestone or Lowest Devonian of Ohio. Possibly the beds- 
at Gasp6 on the Gulf of St. Lawrence are somewhat lower; as they have yielded 
Cephalaspk, which is not yet kiown from Ohio, and Goccosteus, of which Ohio 
has yielded only a single specimen. No authenticated fish-fossil has yet been 
announced from the Upper Silurian rocks of America. 

It is true that reports of the discovery of such remains have been published 
at various times, but investigation has proved them all erroneous. (See 
‘Palgeontology of New York,’ vol. ii. pp. 319, 320, pL Ixxi.; ‘American Journal 
of Science,' second series, vol. i. p. G2; ‘Palmontolo^ of Ohio,’ vol. ii. p. 2G2.) 

During his recent work on the Palmontology of "Peny County, Pennsylvania, 
the author came upon some fossils which at once suggested relationship to the 
Ludlow group above described. xAmong them were a few spines recalling Oncims 
tmuistriatus, but with some difiierences. He has named them Onchus Fenn^ 
sylvavicus. With them he discovered abundance of specimens bearing a strong 
resemblance to Scaphaspis, but larger, and differing in some other respects. These 
he named Falteaspis (P, elliptica and F. hitruiicata). 

Comparing these with Scaphmpu we find them much thinner, not exceedino- 
one-fortieth of an inch in thickness;^ whereas specimens of Scaphaspis in the 
author’s possession from Cornwall are in some places much thicker. The striation 
on both is equally fine, but is rather less regular on the American specimens. 
These also show no trace of the spine in which the shield of Scuphaspis terminates* 
ab shown hy Murchison in ‘ Siiuria.’ 

No traces of the English fossil shagreen— TheMus and Sphagodus —^have been 
found in the Pennsylvanian beds, though it abounds in the Ludlow rocks. 

The fossils were found in a bed of sandstone about 200 feet below the base of 
the Water-Lime in Perrjr county, Pennsylvania; near the top of the great mass of 
variegated shale composing the Fifth Group of Rogers in the First Sui’vey of 
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Pennsylvania. This shale in New York immediately overlies the Niagara lime- 
stone, which is correlated on satisfactory evidence with the Wenlock limestone of 
England, Ten or twelve species are common to the two beds. 

It seems, therefore, that the great mass of coloured shale, near the top of which 
these fossils were found, and which is a continuation of the Onondaga group of New 
York, has no representative in the British series, but corresponds to an interval 
between the Upper Wenlock and the Lower Ludlow. (For details regarding the 
correlation of these beds in Pennsylvania with those in New York, see a paper by 
the author in ‘ Proc. Amer. Phil. Soc.’ for 1884.) 

It is consequently a necessary inference that the beds yielding Palmas-pis and 
Onchus in Pennsylvania are somewhat older than those containing Scaphmpis and 
Onehus in England. 

Microscopic examination of the specimens, and a comparison of their structure 
with that of Scapliaspis and Cephalaspis, are in progress, and the details will be 
given below. Other fossils in the author’s possession indicate the possible exist¬ 
ence of fish at a still earlier date, but the material is not yet worked out. 

The microscopic structure of Falcdospis corresponds in all important points with 
that of Sca23haspis as figured by Huxley Q. J. G. S.’ vol. xiv., pi. xv., fig. 1). The 
basal cellular and vascular la3"ers are present in both, but the latter presents a 
regularity of structure to which Scaphaspis affords no parallel. A section parallel 
with the striation presents a beautiful forest-like appearance produced by the rise 
and divergence of the tubules from the larger vessels. The most remarkable 
anatomical peculiarity of these fossils is also one in which they coincide with the 
Pteraspids of England. All the species belonging to this group are distinguished 
by the total absence of the bone cells (lacunai) and the connecting tubules {canet- 
liculi) characteristic of all other bone-structure in all classes of the animal king¬ 
dom. This absence was the g*reatest objection to the admission of the fossil to 
this class of fishes. Though no woveiTuled, its importance is in no wise diminished. 
To receive these forma the group of Heterostracans w^as established by Professor 
Lankester in 1869 as a sub-division of Huxley’s family of Oephalaspids. So pro¬ 
found a difference, however, forming a distinct line of demarcation between the 
fossils of the family seems to demand bolder recognition, and it was proposed to 
raise Lankester’s sub-family of Heterostracans into a distinct family under the 
name of Pteraspids (Pteraspidoo) and the name of Oephalaspids {jCepJidaBpidm) be 
retained for those forms exhibiting true bony tissue, and composing the sub-family 
of the Osteostracans of Lankester. 


3. 0)1 American Jnrassic Maniinals. By Professor 0. 0, Marsh, 

The first Jurassic hrammals discov<‘red in this country were found in 1878, in 
the Atlantosaurus beds of Wyoming Territ ory, and described by the author. Other 
discoveries in the same region soon followijd, and a systematic exploration of this 
geological horizon has been continued by the author up to the present time. 

Tins horizon in the upper Jurassic, with its characteristic fossils, has been 
traced by the author along the fianks of the llocky Mountains for a distance of 
more than three hundred miles. Its position is shown in the geological section on 
page 735. The deposits are lacustrine, and the accompanying fossils are dinosaurs, 
pterodactylcs, crocodiles, lizards, and fishes. 

Bemaxns of Mammals have been found by the author at several points along 
the line of this horizon for two hundred miles or more, but the most productive 
locality is in the region where the first discovery was made. At one point, from 
a space scarcely larger than the room in which the author was speaking, remains 
of more than three hundred individuals of Jurassic Mammals have been obtained, 
m good indication of the wonderful richness of the fauna here entombed. 

, Other localities have yielded many important specimens, so that up to the pre- 
time, the author has secured the remains of nearly or quite four hundred 
laiisriduaia of Jurasric Mammals. So far as known, no other specimens of this class 
hate befeti secured ftom this formation in America. 
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Tapir, Peccary, Bison Llarm. 
iSoi, igaws. Megatherium^ Mi,Io(Jpn, 


lEciuus Beds. 
Pliohippiis Beds. 

MioBippus Bods. 
lOrcodon Bods. 


\Eguus., Taph'us ElepJia^. 

(Plinhippufi, Tapiravu^, Musfotlon, Accrathe- 
™muBo^^ 2 iloroHurium _ _ 


j3fio7i/pjM<s, Biceratherium^ Thimhyitt,. 

/ Oi^ndon, EporPotlo7i, HganodoUi Myi acodon. 
I Edentates (.Jfoi-opies) 


I BrontothcriumBeds j5i•on^o^/ler^u»^, 3fenodu!>, JTcfioJvpjiUS. 


^Diplacodon^ Epihippua, Amynodon. 

^Dmocera^ Thiocerast^ Umtathei’iunK Palaso- 


Diplacodon Beds. 

Dinoceras Beds. I /- y 

l syopSf Oroluppus, lieldlctesy Cotonoceras. 
Green Biver^ or JldtohatiSyAmiatLepidossteus. 

, Reliobafcis. Beds. , 

Coryphodon Beds. I{‘’S'Sk seTO$!r'‘ T-iiodonis,! 

[Laramie Series, or 
HadrosaunisBeds 


iJa£ 7 rosau}*i<s, Drypiosaui'u,'^ {,ZcElap »),; 


I Fox Hill group. 


Colorado Scries, or ^Msjnth Teeth. iOdontomUhes^^ 
PteranodoD Beds. iMosnsanrs, pterodactyls, Plesiosawrs. 


Dakota Group. 


A Ei cmtoaciw tti^, Eiplodocu^f Sfc^io- 

^iianiosauri^ J5cas gaurm, Alloftanrm. Turtles. Crocodilk^ 
Baptanodon Beds. Mammals WryoleAes^ Stylncudon^ Tinodon, 

I Cieiuirndon^. 


[OtOZOnm, or .First Mammals (Dromaf/zcj/iou''. 

Coun. River, Beds, pinosaur Foot-prmts,.fl«jp7iiftaiu’ws, 


Nothodon Beds. 


Reptiles (XotJiodon, Sphcnacrnlon). 


Coal Measures, or 
Eosaurus Beds. 

jSubcarboniferous, 
or SaiiropusBeds. 


Firat Reptiles (?) Eosauru,^* 


•'First known Ampliibiaas (Labyrintiiodonts)i 


Dinichthys Beds. 'Dinichtiys, 


Sclioliarie Grit 


iFirst kno^rn Fishes. 


Upper Silurian. 


Lower Silurian. 


FrimortUal, 


Huronian. 


Laurentiaru 


No Vertelirates known. 


Section to illustrate Yertebrate Life in America. 
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These interestinp: fossils have been only partially investigated, but the author 
has already described, from the more interesting forms, eight 'genera and seventeen 
species, representing at least two widely different groups. 

The first genus described was Dfyolestes, of which five species are now Iniown. 
The second genus was Btylacodon, with two species. The third was Tinodon^ re¬ 
presented hy four species. Ctenacodon^ with two species, and JDiplocynodon^ with 
a single species, were next described, and, subset^uently, Allodon and Bocodonf 
each having only a single species. 

All these genera are apparently quite distinct from any European forms, yet 
they are clearly allied to those described from the Jurassic of England. 

One species alone appears to be identical, geiierically, with Triconodon of 
Owen. 

The genus Ctenacodon^ related to Flagiaulax of Falconer, differs widely from 
all the others, and these two genera have been referred hy the author to a new 
order, Allotheria. They resemble the Marsupials in many respects, but are appa¬ 
rently distinct from that group. 

The remaining known Jurassic iSIammals have been placed by the author in a 
distinct order, Pantotheria. They differ from the Marsupials in many important 
characters, and appear to belong to a more generalised group, having many 
characters of the Insectivors.^ 

No Cretaceous Mammals are known, and from the Triassic deposits of this 
country, only a single species (JDi'omatherium Sylmtre^ Emmons) has been brought 
to light. 

The author is still engaged in the investigation of American Mesozoic Mammals, 
and, when this is completed, the results will be brought together in a memoir on 
the subject. 


4. On the Geology of Soidh Africa, 

By Professor T. Etjpekt Jones, F,E.8., F.G.8. 

The contour of the South coast is parallel with the outcrop of the strata in the 
interior, from Oliphant’s Kiver (31° 40' S. Lat.) on the West coast, soutlnvard to 
the Cape, and then eastward to about 33° 30' S. Lat. Here the edges of the strata, 
formerly bending round to the north, have been swept away to a great extent; 
but their outcrop is again seen on the East coast at St. John’s Kiver (31° 40' S.Lat.), 
where they strike north-eastwardly through Natal, probably far up the country. 

1. Gneissic rock and the Famaqualand Schists apparently underlie the others, 
coming out on the north-west, and exposing a narrow strip on the South coast, 
2. Micaschists and Slates, interrupted by Granites here and there, form a curved 
maritime band, from about 30 to 70 miles broad, and are known as the Mahnes-- 
hury Beds (Dunn). These and the beds next in succession (the Bohkeveld Beds, 3) 
are overlain uncoriformablyhy the Tahk’-Mountuin Sandstone (4), 4,000 (?) feet thick, 
which forms patches and extensive ridges, and possibly dips over No. 3, to join 
No. 5, the Wittehm^g Beds, Nos, 3 and 5, together about 2,100 feet thick, lie 
parallel, and form a concentric inner band. The former contains Dewnian fossils; 
the latter is probably of Carhonifeirous Age (with Lepidodmdron, and forms 
the Wittebergen and Zwartebergen in the Cape District, and the Zuiirbergen in 
Eastern Province. 

The Bcca Beds (6) come next; Lower Series, 800 feet; Conglomerate Beds 
(l)wyhd)j^Q0 feet; Upper Series, 2,700 feet; conformable with No. 5; in the 
south much folded, and in undulations throughout, until it passes under the next 
set of beds, No. 7,. in some places 60 miles to the north. The Ecca Beds have 
fossil wood and plant remains in abundance here and there, but these have not 
been clearly determined. This series has not been well defined until lately, and 
even now its limits are not fully determined. It includes the Karoo Desert, and 
Iherefejre takes in the lowest members of Bain’s Karoo Formation, Nos. 12 

^ fomml of Smnce, yol. xx. p. 235, September 1880. See also vol. 

xad. p. Jme 18-81., , 
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and 14 ofliis map (1856); or tlie *Ecca/ ‘Eoonap,’ and part of the ^Beaufort’ 
Beds of Jones (1867). The series No. 7, horizontal and imconformahle on the 
Ecca Beds at the Oamdehoo and elsewhere, retains the name of Karoo Sandstones ; 
and after a width of ahont 40 miles is conformably surmounted by a set of some* 
what similar Beds (8) in the Stormber^; and thus No. 7 should be regarded as the 
Loioer, and No. 8 the Upper Karoo Saniktones. The latter end off northwards in 
the Draakensberg, Natal, Orange-Eree-State, the Transvaal, and Zululand, with the 
still horizontal Cave Sandstone and associated beds. The Lower Karoo Sandstones 
probably thin away northwards beneath the others. Below the Kaiwo Sandstones^ 
and dying out southwards near the Camdeboo (Prof. Green), are the Shales (7*), 
which constitute the country around Kimberley, described as the ^ Olive Shales of 
the Karoo Formation,* by G. W. Stow. These die out northward against the old 
rocks of Griqualand-West and the Transvaal. They contain Glacial Conglomerates 
in their lowest (earliest) beds, in Griqualand-West, just as the Ecca series has its 
great Glacial Conglomerate (the Dwyha Conglomerate in No. 6) in its lowest 
portion. As the Stormherg Beds (8) lie upon the Olive or Kimhetdey Shales (7*) in 
the Orange-Free-State, the Lower Karoo Sandstones (7) must die out" northwards. 
The Kin^ei'ley Shales contain someBeptilian bones and plant remains, and some coal 
on the Vaal; the Karoo Sandstones are rich with Dicynodont and other Beptilian 
bones, and have some Fish remains; and their upper portion (Stormherg) contains 
Ferns and Cycadeous leaves, and some seams of coal. A fossil mammal also has been 
found in this series. Throughout its range the Karoo Series is traversed with 
igneous dykes. 

Limestones and sandstones (9) with fossils of nearly pure Jurassic, but with 
some of Cretaceous type, occur unconformably in the Eastern Province. Their 
fossil Flora is like that of the Stormherg Beds, Cretaceous strata (10) are known 
•on the Natal coast; and Tertiary and post-Tertiary deposits (11) form several 
patches on the East, South, and West coasts. 


The South-Afbican Foemations. 

11. Tertiary and Post-Tertiary, 100' ? 

(Unoonformable on several different rocks.) 

10. Cretaceous. 

''(Bnconformable on Carboniferous ?) 


9. Jurassic. 


d 
.2 

I, 


Trigonia Beds ] 

Wood-bed KOO'? 

Saliferous Beds 1 

Zwartkop Sandstone^ 
(Enon Conglpn^er^tej SOQ'. 


Triassic. 


I (8. Tipper, 

w 




7. Lower. 


Carboniferous ? 


(XTnconformable on Devonian and other old 
rooks in Albany.) 

Gave Sandstone, 150* 

Bed Beds, 600' 

(Stormherg Beds, 1,000'.* 

? Sandstones and Shales, 5,000' 
j 7*. Kimberley or Olive Shales and Con- 
( glomerates, 2,300'. 

(TTnconformable on Ecca Beds in the South, 
and on the old Taal and Kaap series in 
the North.) 

(Upper Ecca Beds, 2,700' 

6. Ecca Beds. 4 Dwyka Conglomerate, 500' 

(Lower Ecca Beds, 800'. 

6. Witteberg and Zuurberg Quartzites, 1,000' ? 

4. Table-Mountain Sandstone, 4,000'. 
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.^^^,^^r.^nywx.^^.^(Unconfonnable on the Old Cape Schists and 
Slates and on the Bokkeveld Beds.) 

Pevonian. 3. Bokkeveld Beds, 1,100'. 

.rw-^/^.-w^.^>.^^^r^^vs...•(Probably nnconformable to the Malmesbury 
Beds.) 

Silurian ? 2. Malmesbury Beds, Micaschists and Slates of the Capo. 

, wv. ^^ . (Probable unconformity.) 

1 , Kamaqualand Schists and Gneiss. 

!Mr. Stow’s Old Rocks of the Vaal, and his Kaap or Oampbell-Randt series, in 
Griqualand-West and the Transvaal, are probably Lower-palseozoic, or even of 
greater age (like Nos, 1 and 2). 

5. Oil the more Ancient Land Floras of the Old and New Worlds, 

By Principal Sir W. Dawson, C.ll.ff., LL,I),, F.B.8^ 

In the Laurentian period vegetable life is probably indicated, on both sides of 
the Atlantic, by the deposits of graphite found in certain horizons. There is good 
evidence of the existence of land at the time when these graphitic beds were^ 
deposited, but no direct evidence as yet of land plants. The carbon of these hods' 
might have been wholly fx‘oni sub-aquatic vegetation; but there is no certainty 
that it may not have been in part of terrestrial origin, and there are perhaps some 
chemical arguments in favour of this. The solution of the question dejpends on. 
the possible discovery of unaltered I/aurentian sediments. 

The Silurian land flora, so far as known, is meagre. The fact that EopUris has 
heen found to be merely a film of pyrite deprives us of the ferns. There remain 
some verticillately-leaved plants allied to Annulana, the humble Acrogens of the 
genus PsiLophijton, and the somewhat enigmatical plants of the genera Pachytheoa, 
Prototaxites, and Berwynia, with some uncertain Lycopods. We have thus at 
least forerunners of the families of the Asteroplvyllitem^ the Lycopodiaoe<Sy and the 
Conifer<^, 

The comparison of the rich Devonian or Erian flora of the two sides of the 
Atlantic is very interesting. On both continents it presents three phases, those* 
of the Lower, Middle, and Upper Erian, and there is a remarkable correspondence' 
of these in countries so wide apart as Scotland, Belgium, Canada, Brazil, and’ 
Australia. Examples of this were given in the Rhizocarps, at this period very 
Important, in the Lycopods, the E 5 [uisetace 8 e, the Ferns, and the Conifers. The- 
number of coniferous trees belonging to JDadoxylon and allied genera, and the- 
abundance of ferns, often arborescent, were especial features of the Middle and 
Later Erian. 

The flora of the Erian age culminated and then diminished. In like manner 
that of the succeeding Carboniferous period had a small commencement quite dis¬ 
tinct in its species from the Erian; it culminated in the rich vegetation of the 
true coal formation, which was remar^hly similar over the whole world, present¬ 
ing, however, some curious local differences and dividing lines which are begin¬ 
ning to become more manifest as discovery proceeds. In the Upper Carboniferous?” 
the flora diminishes in richness, and the Permian age is, so far as known, one of 
decaf?ence rather than of new forms. Great progress has recently been made by 
Williamson and others in unravelliin^ the affinities of the coal-formation plants,, 
and we are on the eve of important discoveries in this field. 

Throughout the Silurian, the conditions do not seem to have been eminently 
favourable to plants, but the fevy forms known indicate two tj^es of Acrogens,and 
one leading to‘ the, Gymixosperms, and there is no reason to doubt the existence of 
i^^ular land richly clothed at least with the few forms of vegetation known to* 

exis^. 

the Brian, and d^rhoniferous there seem to have been two great waves of 
ptt^fi^nVoeeediiig’ OV^^rj Ae continents from the north, and separated hyaia 

But no very material advance was made in 
Whole Palseozoie period pt^senta a great unity and 
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even monotony of foms^ and is very distinct from that of succeeding times. Still 
the leading families of the MhizocarpeiSy JBqidsetaoemy LycopodiacecB^ JFtlicea, and 
Conifer established in Palmozoic times, yet remain; and the changes which have 
occurred consist mainly in the degradation of the three first-named families, and 
in the introduction of new types of Gymnosperms and Phaenogams. These changes, 
delayed and scarcely perceptible in the Permian and Early Mesozoic, seem to have 
been greatly accelerated in the Later Mesozoic. 


6, On the Belative Ages of the American a7id the English Cretaceous and 
Eocene Series, By J. Stabkie Gardner, E.L,S.^ 

The paper is a contribution towards the determination of the ages of the 
A.merican Oretaceo-Eocene rocks, relative to those of Europe. 

It briefly describes the chief characteristics of the various stages of the series in 
America. The lowest beds there are distinguished by the presence of well-developed 
dicotyledonous leaves, associated with Ammonites and other Cretaceous mollusea, 
considered to warrant their correlation with the Gault and Chalk of England. 
Nfewer beds thought to be intermediate in age between Secondary and Tertiary are 
distinguished hy the incoming of palms and a new flora of Dicotyledons, associated 
with Mosasaurus. The rest are correlated with the various divisions of the Tertiary 
series recognised in Europe. The entire series seems to have been deposited with¬ 
out any considerable break in continuity, but reveals a sudden transition from a 
temperate to a subtropical flora, and from a Cretaceous to a Tertiary vertebrata. 
The high development of the fl.ora is, however, quite irreconcilable with the 
accepted correlation. 

In further comparing the American series with that of Europe, it is observed 
that the subdivisions of me Cretaceous series were first determined for a limited area, 
when different ideas of evolution and gradual passage prevailed, and subsequently 
extended to embrace areas at a distance which may be, rightly or wrongly, 
correlated with those of England and western France. The comparisons now 
drawn are only between the rocks of the original and typical area and of America, 
excluding the Cretaceous rocks of other countries. 

'Thus restricted, the Neocomian of Europe comprises only shore deposits, 
characterised by a Cretaceo-Jurassic fauna and a Jurassic flora. The Gault is a 
deeper sea-deposit, comparable to the ^ Blue mud^ of the ^ Challenger,^ with a typi¬ 
cally Cretaceous fauna and a Jurassic flora. The Upper Greensands are more or less 
the equivalents of the Gault, deposited under difierihg physical conditions, correspond¬ 
ing to the ' Greensands ’ of the ‘ Challenger,' and have been assumed to represent 
the shore or shallower water conditions preceding the Chalk, The Chalk itself is 
described with a view to prove that it is a truly oceanic deposit, formed at a distance 
from shore and at a considerable depth, corresponding in all respects with the existing 
* Globigerina Ooze.' The arguments against this view axe refuted in detail, and the 
suggestion made that the alleged shallower habitats in the tropics of the few sur¬ 
viving Mollusea may be due to the lower temperature prevailing now in the abyssal 
depths of the ocean having driven heat-loving types from the depths at which 
they were able to live in the Chalk: period. 

The whole Cretaceous sex-ies in the British area is the result of a gradual con¬ 
version of land into sea, owing to subsidence. The process conamenced with the 
Neocomian, became more serious with the Gault., and continued until the close 
of the Chalk. The focus of the depression, so far as its results are accessible, was 
the English Channel, whence it spread in an easterly direction across Central 
Europe. As the land subsided, the gulf increased in magnitude, and Blue and 
Green Muds were formed on a wider and wider area, to be succeeded in due time 
by chalky Ooze. The nearer the focus of subsidence, the older the Greensands 
and Gault, and the farther we recede from it, the newer in age they become. The 
zones of increasing depth travelled outward and forwaard, and though now re¬ 
presented by continuous bands of the same lithological characters, extending over 

' ’ * Printed in full in Geological Magazine, Bee, III., vol. i., pp. 492-606, 1884, 
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many countries; it would be rash in the extreme to infer the synchronism of portions 
of these when separated by dep:rees of latitude. The time required for these zones 
to trayel from Kent to the Crime a, and to accumulate a mass, mainly composed 
of minute oiganisms, of over a thousand feet an thickness, must havo been sufficient 
to account for a very sensible progress in the evolution of organic forma. 

The deposition of the Chalk commenced m the English area at a period when 
the land floras were still of Jurassic character. By the time it had reached 
Limburg, Saxony, and Bohemia, Dicotyledons had become developed. The period 
required for the chalk ocean to encroach but 300 to 400 miles must thus have been 
very vast. The question may however aiise, whether plant development at this 
stage followed the otherwise universal law of evolution, or was exceptionally rapid. 
The fauna has to be examined to see whether it discloses an equally appreciable 
progress. The conclusion arrived at is, that while the groups with which the 
author is less acquainted apparently do so, the progress in the Mollasca is unmis¬ 
takable. The helicoid, turbinate, and patelloid groups are archaic and stationary, but 
the fusiform shells betray a tendency to elongate their canals, and the relative 
abundance of such, and gradual dropping out of now extinct genera, furnish an 
unmistakable index of the relative ages of the more littoral deposits. From this 
point of view we are able to demonstrate that the Greensands of Aix-la-Chapelle 
are far younger than their lithological structure and sequence would indicate, 
while the appearance of such distinctly new developments as cone and cowry shells 
further support the views of th ^ idatively almost tertiary, or, at least, transition 
age of the Cretaceous series in Denmark. ' While, therefore, denudation on a truly 
colossal scale has produced one of the most considerable gaps in the whole 
geolo^cal record between Cretaceous and Tertiary over the British area, beds of 
intermediate age may^succeasfully bo sought for at a distance from this centre. 
The erroneous correlation of these, bed by bed almost, with the typical Cretaceous 
series, as developed in England, has led to a still more untrustworthy correlation of 
the American series with ours. 

The Oaetaceoufl series of America contains at its very base a flora composed of 
angiosperms so perfectly diflerentiated that they are apparently referable to existing 
genera. One of the oldest floras in Europe oontahiing angiosperms is that of 
Aix-la-Chapelle, and even this we have seen is relatively modern: but these are 
not referable in at all an equal degree to existing genera, and even the Conifer® 
are embarrassing on account of their highly transitional characters. The oldest 
Cretaceous flora of America, so far from possessing any Cretaceous characters, 
agrees in a remarkable manner with that of the English Lower Eocene, while the 
Laramie, or supposed Orefcaceo-Eocene, flora has very much in common with that 
of our Middle Eocene, and marks a similarly sudden rise in temperature. The 
question is whether the evidence of th© fauna in favour of the Cretaceous age 
of the series is so conclusive that the floral evidence must be set aside. Taking 
the Oretaceous series as represented in Oalifomis, the older stages possess Molluaca of 
definitely Cretaceous aspect, hut those of th© newest have a decidedly Eocene facies. 
To be Cretaceous a fauna must have some elements which did not survive to a later 
period; but are we in a position to state that the Ammonitidse, the Belemnites, 
and Inocerami did not do so P Even our present limited knowledge is entirely 
opposed to such a view. It must be remembered that the Eocenes in their typicsd 
area, England and France, were deposited undor peculiar local conditions, and it 
would he as logical to infer from the absence in them of Cretaceous types that 
these existed nowhere else, as it would be, were the bed of the English Channel 
now upheaved, to class as extinct all forms of life not met with in its sands and 
muds. If, as there is evidence to show, America was isolated at the time, the 
survival there of forms of Eeptilia, elsewhere extinct, would be in accordance with 
ordinary observation at the present day. 

The flora of the American series is Eocene; the fauna of its earlier stages is 
Qretaceoue. We are compelled, therefore, to choose whether we will believe that 
Eocene flora was developed there during th© Cretaceous, or that some 
of Cretaceous fauna lived on to an Eocene date. The former supposition 
demands greater rapidity of evolution than we arc accustomed to admit, and no 
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external evidence is advanced to support it. The latter is more conceivable from 
the standpoint of evolution^ and is not contradicted by any evidence that has yet 
come under the author’s ohservaticn. 


7. On the Structure of English and American Garhoniferom Coals, 
By Edwaed Wethered, F.G,8. 

The author had examined several seams of coal from England and America. He 
pointed out that they were not always made up of one continuous bed of coal, but 
often comprised several distinct beds. In the ease of the well-lmown Welsh ‘ foxir 
feet’ seam there were four distinct strata of coals, separated by clay beds of a 
few inches thick. In the case of the ‘ Splint Coal ’ from Whitehill Colliery, near 
Edinburgh, the seam presented three clearly deiined beds of coal, but these were 
not separated by partings of any kind. 

With a view of testing the ^ Spore Theory ’ of the origin of coal, as propounded 
by Professor Huxley, the author bad obtained a portion of the ‘ better bed ’ seam 
intact for a thickness of 10 inches from the top. He had examined this inch by 
inch, by preparing thirty-three microscopic sections. At the top was inches of 
dull lustrous coal, termed ^laminated coal.’ This the author found to be 
practically a mass of macrospores and microspores. Below this there was a change 
in the character of the seam. Spores became less numerous; in places they were 
scarce, the mass being made up of vegetable tissue and a substaaice to which the 
author gives the term ‘ hydrocarbon.’ He could not, thei'efore, support Professor 
Huxley in saying that the ^ better-bed ’ coal was ^ simply the sporangia and spore 
cases of plants.’ The assertion would, however, apply to the first inches of the 
seam. The ^ splint coal ’ from Whitehill Colliery was a better example of a spore 
coal than the ‘ better-hed.’ The bottom stratum was 4 inches thick, and presented 
a dull lustre with thin bright layers traversing at intervals. The dull portion was a 
mass of spores and spore cases, but these did not enter the bright layers. A vertical 
section cutting a bright layer, bounded on either side by dull lustrous coal, showed 
plenty of spores in the dull coal, but in the bright not one was detected. The 
second bed in this seam was 1 foot thick; it was of a brighter lustre than the 
4 inches below, but two layers could be distinctly made out, one more lustrous 
than the other. In the dullest of the two i^ores were found, which, however, were 
less numerous than in the bed below, and were, also, of a ditterent variety. In the 
bright layers the spores were absent. The top bed of the seam was also 1 foot 
thick, and might be defined as a mass of spores, chiefly nxicrospores, except in the 
bright layers. The American coals examined were collected by the author from 
the Warrior Coalfields of Alabama, and from near Pittsburg, Pennsylvania. The 
same structural affinities were noticed as in the English coals, and the author 
therefore came to the conclusion that the English and American Carboniferous 
coals had a common origin. 

The spores in the coal from both countries were closely allied. Some micro- 
spores from Alabama were identical with those which occur in the lower bed of the 
Welsh ‘ four feet ’ seam. A feature in spores obtained from all the coals was the 
triradiate markings which they exhibited. Whether this was to be regarded as 
superficial or not, it was very chaTacteristic of them, and was, therefore, to be con¬ 
sidered in attempting to ally them with modern vegetation. , ^ 

The author regarded peat in the light of post-tertiary coal; lignite as peat in a 
transition state to coal; and coal as the remains of carboniferous bogs. 

The author referred to the practical application of a knowledge of the micro¬ 
scopic structure of coal, as enabling an expert to judge of the nature of a coal from 
an examination of it with a pocket lens. 


Second Be^port on the Fossil Phyllopoda of the Palmo^oic Bocks, 
See Reports, p. 75. 
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9. A ^relwiinary UJisamination of the Silioious Orgcmw Remains in the 
Lacustrine Deposits of the Frovwce of Nova Scotia, Canada, By 
Alexander Howard Mackay, B,A,, B,8c, 

Many of the lakes of Nova Scotia contain large deposits abounding in these 
remains which consist of the silicious skeletons of upwards of sixty species of 
diatomaceae, and of the silicious spicules of at least seven species of fresh-water 
sponges. The deposits from diflerent lakes are generally marked by a diJderence in 
the species present or in their relative proportion. In lakes which are not agitated 
by large streams bearing earthy sediments during times of freshets, the deposits 
generally consist of a light slimy brownish mud^ sometimes of a depth beyond 
twenty feet, into which a pole can be easily driven by the hand. This mud when 
treated so as to eliminate the carbonaceous vegetable matter, leaves a variable per¬ 
centage of exquisitely sculptured diatom cells and various forms of sponge spicules. 
In some places this percentage is very high and the deposit correspondingly whiter 
and firmer, in some cases consisting nearly of the pure silicious valves and spicules. 
The diatomaceie grow not only in the waters of these lakes but in the streams 
flowing into them, so that these deposits are not all developed in situ. The sponges, 
on the other hand, affect the stiller waters of the lake. They attach themselves to 
and grow upon portions of submerged wood, stone or even sand, sometimes forming- 
extensive incrustations several inches in thickness, some species extensively lobed 
and even branching. The sponge-flesh dying away each winter, innumerable 
microscopic spicula which formed its skeleton are thus scattered in the waters, so 
that in some localities the sponge spicules form a greater proportion of the deposits 
than the valves of the diatomacece. 

Some of these deposits may prove to he of industrial importance, the material 
being regarded as capable of use as polishing powder for various purposes, and in 
the manufacture of dynamite. 

^ The lakes upon which these preliminary observations have been made include 
Ainslie, in Cape Breton; Lochaber, in Antigonish Co.; Mackay, Black Brook, 
Garden of Bden, Grant, M’Lean, Calder, Forbes, Ben, and Toney Lakes in Pictoii 
Co.; Mackintosh, Earltown, and Gulley lakes, in Colchester Co.; the lakes which 
supply the city of Halifax with water, Grand Lake and Dartmouth Lakes in 
Halifax Co.; and Kempt Lake, in King’s Co. 

Lists of tho species of diatomacesc and spongidee detected in the several 
deposits were given in the paper, which was accompanied by microscopical slides 
and specimens. The author has not yet concluded his researches^ .. ^ 

10* Tenth Report on the Circulation^ of Underground Waters in the Pm*-- 
meahle Pormations of England and Wales, and the Quantity and 
Character of the Water supplied to various Towns and Districts from 
these Formations ,—See Eeports, p. 96. 

11. Fifth and last Report on Fossil Polyzoa .—See Eeports, p. 97. 

12. Report on the Exploration of the Ray gill Fissure in Lothersdale, Yorh- 
shire ,—See Eeports, p. 240. 


WBREESDAr, SEPTEMBER 3. 


The following Papers and Eeports were read:— 

1. The Qeoloaical Age of the Acadian Fauna. By G. F. Matthew, A.M,, 

F.RS,0, 

« Ih -flia dfcetoh an attempt is made, by comparison with the Cambrian fauna of 
other conntito, and lespemally of Wales, to fix more exactly than has hitherto been 
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done the position of the assemblage of organisms found near the base of the Samt 
John group. The trilobites are taken as a criterion for this pui*pose. A. brief 
statement of the position and thickness of the beds is given, showing the relation 
of the fauna to the formation as a whole. 

It is shown that the genera and species of the Acadian trilobites do not agree 
with those of the Menevian, in the restricted application of that term now in vogue; 
the great Furadoxides with short eyelobes, and the genera Anopolmus^ Agraulos 
( ~ A}*zonellus);FrznngSy and Holocephalina being, so far as known, absent from it. On 
the other hand, it shows very close relationships in its genera to the Solva group 
fauna, especially in the following species: 

Solva Group, Aeadicm Fauna, 

ConocorypJie solvensis (Hicks). Ctenocephalus MaWmoi (Hartt sp.)* 

Conocoryphe bufo (Hicks). Conocorypke olegans (Hartt sp.). 

Faradoxides Harknessi (Hicks). Faradoxides cteminicm (Matthew). 

As bearing on the question of the age of the Acadian fauna, the development 
of the eyelobe in Faradoxides is referred to, and it is shown that while in the 
Oambrian rocks of Wales the length of the eyelobe is indirect relation to the age of 
the strata, the Faradoxides of the Acadian fauna, having continuous or nearly con¬ 
tinuous eyelobes, are more primitive in their facies than those of the Menevian, 
^nd agree with the species found in the Solva group. 

The family of Conocoryphidse, restricting the name to such species as those 
described by Oorda under Conocorypke and CtenocephahiSj are a marked feature of 
this early fauna; and Conocoryphe has a characteristic suture not observed in 
the Menevian genera. The Acadian Ctemcepkalus also differs in this respect from 
the Bohemian species. 

2. The Frimitwe Gonooorypliean, By G. Matthew, A.IL^ F,Bi.8,C* 

Belates to the development of the species Ctemcephalm Matthewi and other 
•Oonoeorypheans of the Acadian fauna, and is considered under the three heads, viz., 
the Development of the Glabella; the Acquisition of Sensory Oi’gana j and the 
Decoration of the Test. 

Under the first head, it is shown that the peculiar glabella of the species above 
referred to is closely related to the early history of the trOobite. The glabeUa, in 
its earliest stage, is very different from that of the adult, and in outiine is not 
unlike that of Faradoxides : it also resembles this species in the position of the ocular 
fiHet, At the next stage the glabella or axial lobe becomes trmnpet-shaped, as in 
Carausia, and in the third the glabella proper is developed by the segmentation of 
the axial lobe i the glabella and ocular fillets now resemble those of Ftychoparia» 
In the following stages the family characters of the Oonoeorypheans begin to 
assert themselves, especially the widening of the base of the glabella, the appear¬ 
ance of the canals connected with the ocular ridges, and the development of spines. 

2. The Acquirement of Ch'gans of Sense, —The ocular fillet appears, in the 
second stage of growth, as a faint, narrow ridge, close to the anterior marginal 
fold, and extending but a short distance from the glabella. It is not until the fifth 
stage of gi’owth that the ramifying branches which spread from the ocular ridge to 
the anterior margin make their appearance. The ocular lobe and sensory apparatus 
connected with it are more distinctly visible on the under than on the outer surf^e 
of the test, and the canalets connected with the lobe spread over the anterior 
slopes of the shield and extend to the antenor margin. In the tiiberculated species 
they connect by hollow spines with the outer surface. In one species they cover a 
wider space than in the others, extending some distance behind the ocular ridges 
and over the front of the glabella, 

3. Decoration of the T^t —^In all the Acadian species of this group but one, the 
surface of the test at maturity is covered, with tubercles and spines similar to the 
Burfaoe-^markings of Conocoryphe Stdgmif In the earliest stages, however, no 
such tuhemles are found, but the surface appears smooth or scabrous* In Ctem* 
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eephalus Matthewi the surface, in the first three stages of growth, appears smooth; 
in the fourth, tubercles begin to appear, and about the tSth stage all projecting 
parts of the test are studded with them. Those on the glahella and frontal lohe 
are arranged in transverse rows; those on the cheehs in interrupted rows conform¬ 
ing more or less to the periphery of these protuberances. Towards the adult stage 
these tubercles and spines become more irregular in position and number, conform¬ 
ing in this respect to the law of development in the Ammonites, expounded by 
professor Alphonso Hyatt. 


3. Seport on the Bate of Brosion of the Sea, Coasts of Bngland and 
Wales .—See Reports, p. 238. 


4. Fourth Beport on the Barthqualie Fhenotnena of Japan, 
See Reports, p, 241. 


5. The Geology of Palestine, By Professor E. Hull, LLB,^ F,B.S, 

See p. 272. 


6. Notes on Niagara, By P. Hallett, M.A. 

These notes may he expressed in abstract in the following propositions, and are 
submitted to the Section as questions for its consideration. 

1. That, assuming the principle of the gradual formation of the cataract, the 
condition of existence of me present overhanging precipice is the superimpositiou 
of the hard Niagara limestone—corresponding to the Weulock limestone—upon 
the friable Niagara shale, the latter being undermined, and the former left over¬ 
hanging; that the condition of existence of the rapids above the precipice is the 
succession of hard rocks simply, and that these d&erences of condition probably 
difierentiate overhanging Falls from Rapids generally. 

2. Ilence, in case of the precipice receding to a position above the shale, the Fall 
would disappear and become a Rapid. 

3. lhat the course of the water in the Rapids as an efiect of increasing 
velocity is convergent to mid-channel; and hence the Rapids, instead of being a 
soiu^e of danger to Goat Island and the small islands in their current, are actually 
a protection to them by determining the water from their banks. 

4. That the water of the Fall undergoes a continuous disintegration iom 
summit to base, breaking up into smaller and smaller masses and spietding 
out as it descends. The ^continuous roar’ of Niagara is really a succu:ss»on of 
impulses. 

5. That this disintegration is a consequence of the collision between the falling 
water and the column of air beneath it; and that the compressed air in its 
descent i& propelled inwards and outwards: inwards forming the well known lUsh 
of winds behind the Fails, and driving the heading of excavation in the i-haie; 
outwards sending up the cloud mist that continuously hangs over the Falla, 

6. That this collision between the air and falling water is really a conservative 

influence, distributing the direct force of the fall and partly transmitting it both 
directly and by reaction along the currents of the gorge. \ 

7. That besides the force of the air propelled against the shale face of tlje 
precipice as a ^ cause of its excavation, attention is also to he directed to thS 
continuous drainage from the shale, as evidenced by springs, &c. Even 

the gorge where there are no falls this appears to determine an undermining action i 
Or recession of the banks below, with overhanging rocks above. 

8. That retrocession of the Falls, evident as it is, is not to be regarded as the 
ope^tiem of a mechanical force necessarily continuous, but as a movem*ent to 
^timbnum.^ Hardly any retrocession has occurred in parts of the American Fall 

the lame that the Canadian one has gone back some 500 yards. Retrocession 
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would follow from any cause increasing tlie amount or velocity of tlie water, elevation 
of the land, increased rainfall, &c., and each retrocession would increase the dis¬ 
charging power of the river, thus tending to cany off the increased water supply. 
The relation between the increased supply and the discharging power thus tends- 
through retrocession to equality and to balance. 

9. All the features of jKiagara being dependent on the force of the winters, 
every attempt to diminish this force by what is known as the utilisation of the 
Falls would change these features, and if the utilisation were carried to the extent 
sometimes proposed these features would he destroyed. Abstract the vis viva from 
the water and we have only a mass of inert matter. 

10. It may be questioned whether even the material argument in favour of 
utilisation, great as it is, is so conclusively in favour of the utiliser as is often- 
supposed. It is admitted that Niagara has played no mean part in the geographical 
evolution of this part of the continent, and it may be asked does it not now play 
an equally important part in its preservation ? In the Niagara descent is generated 
the impulse which commands the circulation both of the upper and lower lakes, 
and hence to some extent the drainage, rainfall, and cultivation of their adjacent 
areas of country. The Niagara impulse, some four and a half million horse-power, 
tends to move the waters down from Erie ^md to drive them through Ontario. If 
this impulse he wholly or even largely withdrawn in the manner proposed, w^hat may 
be the effect on the circulation of this continental district. If this is not now'a 
practical question the proposals now in the air may soon make it one. 
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Section D. —BIOLOGY. 

President or the Section —^Professor H. N. Mosblet, M.A., LL*D., F.E.S., 
F.L.S., F.K.G.S., F.Z.S. 


TnUJiSDAT, AUarST 28. 

The President delivered the following Address:— 

In appointing the phenomena of pelagic and deep-sea life as one of the subjects 
specially selected for consideration at the present meeting of this Section, the 
OTganising Committee have, I think, done wisely. Our knowledge of the subject 
is at present in most active progress. It is one of the widest and deepest interest to 
the p%siologist as well as the zoologist, and in some features claims a share of atten¬ 
tion from the botanist. And the proximity here of the United States, to which 
science is indebted for so many important discoveries on deep-sea matters, is a sti*ong 
argument in favour of the subject being brought forward at a British Association 
meeting on this side of the Atlantic. I have naturally been led to choose the con- 
aderation of some deep-sea biological questions as the subject of my address by the 
special interest which I have been led to take in deep-sea phenomena generally, 
owinff to my long participation in actual deep-sea research during the voyage of 
H.M.S. ^Challenger.' 

Unfortunately, the physiology of the deep-sea life has until lately received but 
little attention from professed physiologists. No physiologist has, as far as I am 
aware, as yet set forth comprehensively and dwelt upon the numerous difficulties 
which are encountered when the attempt is made to understand the mode in which 
the ordinary physiological processes of vertebrata and other animals are carried on 
under the peculiar physical conditions which exist at great depths. 

Whilst I was on the ‘ Challenger' voyage, absorbed principally in the zoological 
•discoveries daily resulting from the dredging operations, I received a letter from 
my revered teacher, Professor Ludwig, of Leipzig, which brought deep-sea pheno¬ 
mena before me in a very different light. The Professor naturally regarded deep- 
sea questions mainly from a physiological point of view, and asked a series of most 
suggestive questions bearing on it. I am much indebted to him for this and re(‘ont 
letters on the same subject. One of the first questions he asked was, naturally, as 
to the amoimt of oxygen present in deep-sea water. A^ knowledge of the con- 
•ditions under which gases occur in a state of absorption in the ocean-waters is of 
primary importance to the physiologist. With regard to this subject most valuable 
information is contained in the report by the distinguished chemist, Professor 
Bittmar, on 'Besearches into the Composition of the Ocean-Water collected by 
H.M.S. Challenger,”' which has appeared during the present year, and which 
•embody Mr* J, Y, Buchanan’s results.^ It appears from his resixlts that, contrai^ 
to what was before suspected, the presence of free carbonic acid in sea-ivater is 
an exception. What carbonic acid is present occurs as a bicarbonate, in general 
more or less incompletely saturated. In surface-waters the proportion of carbonic 
acid increases when the temperature falls, and we versd. Beep-sea water does not 
contain an abnormal proportion of loose or free carbonic acid. 

Hence, vdth regard to Mr. John Murray's interesting discovery that after 

^ Beporfc on the Scientific Results of the Toyage of ** Challen¬ 
ger,” * md Ukmi^ry^ vol. i. 
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certain depths are reached Pteropod shells are dissolved and disappear from the sea- 
bottom, and at certain further depths GloUgerina shells sutler the same fate, 
Professor Dittmar holds the opinion that the solution is not due to the presence of 
free acid, hut to the solvent action of the sea-water itself^ which will, even when 
alkaline, take up additional carbonate of lime if sufficient time he given. Thus 
the amount of carbonic acid normally present throughout the ocean cannot he 
inimical to life; but, according to the Professor, there must he in the depths of the 
ocean numerous bodies of richly carbonated water, for he regards the principal 

S ly of carbonic acid to the sea*water as derived from volcanic springs and 
larges issuing from the ocean-hed, the q^uantity derived from the decay of 
marine plants and animals being insignificant in comparison with this. Possibly 
the ^ Challenger,^ when it dredged from deep water off the Azores immense 
quantities of dead and blackened coral, encountered an area which had thus been 
visited by a carbonic acid discharge. 

With regard to the absorbed oxygen and nitrogen, the theoretical maximum 
quantity of oxygen absorbed at normal surface-pressure by a litre of sea-water 
should range, according to Professor Dittmar’s experiments and calculations, from 
8*18 c.c. in cold regions at 0° G. to 4*50 c.c. in the tropics, with a temperature of 
80° 0. The results experimentally obtained from samples of surface-water collected 
during the voyage differ considerably in detail from the calculated estimates from 
various causes explained, and especially because of the reduction of the amoumt of 
oxygen by oxidation and respiration. The main and almost sole source of the nitro¬ 
gen and oxygen present in deep-sea water lies in the atmosphere and is absorbed at 
the surface, its quantity being thus dependent on surface conditions of temperature 
and pressure and not those of the depths. A given quantity of water, having absorbed 
its oxygen and nitrogen at the surface, may he supposed to sink unmixed with sur¬ 
rounding water to the depths. During the process its amount of contained nitrogen 
remains constant, whilst its ox 3 "gen-supply becomes gradually diminished, owing to 
the process of oxidation, which in the depths go on without compensation. That 
the amount of absorbed oxygen present in sea-water diminishes with the depth 
had been shown already by Mr. Lant Carpenter’s experiments. It is not yet 
possible to formulate in any precise terms the relation between the depth and the 
diminution of the oxygen present, hut Mr. J. Y. Buchanan’s previous conclusion 
that a minimum of oxygen is attained at a depth of about 800 fathoms is not con¬ 
firmed by the summing up of the whole of the evidence now available. This result 
is not without biological significance, since the existence of this supposed zone with 
a minimum of oxygen has been used as an argument in favour of the occuiTence of 
especially abundant life at this depth below the ocean-surface. 

Professor Dittmar finds that mere is nothing characteristic of bottom-waters as 
such in regard to their absorbed gases, nothing to distinguish them from waters 
from intermediate depths. This, it seems to me, is not quite what might have been 
expected, as the concentration of the food supply, and consequently of life, on the 
actual bottom might have led to a different result. 

If there were absolute stagnation of the water at great depths the oxygen might 
be reduced there to zero, hut the fact that in no case has oxygen been entirely 
absent from any sample of deep-sea water examined proves that a certain motion 
and change must occur. The smaHesi amomit of oxygen found at all was in a 
sample of water from a depth of 2,875 fathoms, and amounted to 0*65 c.e. per litre 
only, a result long ago published by Mr. Buchanau. Even this, however, may well 
be sufficient to support life, since Humboldt and ProvencaP found that certain fish 
could breathe in water containing only one-third of that quantity of oxygen per 
litre. In another sample, from 1,645 fathoms, it was 2*04 c.c. On the other hand, 
as much as 4*055 c.c, was found in a sample from 4,575 fathoms, and 4*39 c,c. in 
one from 3,025. Most remarkable, in one instance water from a depth of only 300 
fathoms yielded only 1*65 c.c. of oxygen* Professor Dittmar admits that there was 
no lack of anomalous results, some, no doubt, due to some extent to imperfection in 
the apparatus employed in collecting the water. 

* * Sur la Eespiration des Poissons,’ Pomn. de Fkyhigne^ de CHmie et d^EiBtoir& 
Mattmlle, t. Ixix., October 3809, p. 268. 
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In connection with the yaluahle inTestigations carried on in the * Travailleur' 
and the 'Talisman ’ by Professor Milne Edwards and his associates, French physio¬ 
logists have lately commenced researches on some of the problems of deep-sea 
life* 

Experiments have been made by M. JEtegnard ^ with a view of determining the 
effects of high pressures, ^corresponding with those of the deep sea, on various 
organisms. Yeast, after being exposed to a pressure of 1,000 atmospheres, equal to a 
depth of about 6,600 fathoms of sea-water, for an horn*, was mixed with a solution of 
sugar. An hour elapsed before any signs of fermentation appeared, and a mixture 
of yeast and sugar solution did not ferment at all, whilst under a pressure of 600 
atmospheres, equal to a depth of about 3,900 fathoms. Algae, seeds of a phanero¬ 
gamic plant, infusoria, and even moUusca and leeches, were found to be thrown 
into a sort of state of sleep or latency by exposure to similar pressures, recovering 
from this condition after a shorter or longer period of return to normal conditions. 
A fish without a swimming bladder, or one with the bladder emptied of air, may 
be submitted to a pressure of 100 atmospheres, equivalent to a depth of650 fathoms, 
without injurious effect. At 200 atmospheres, equivalent to a depth of 1,300 
fathoms, it becomes torpid, but soon revives when the pressure is removed. At 300 
atmospheres, equivalent to a depth of about 2,000 fathoms, the fish dies. 

These experiments are of the highest interest. The pressure made use of was 
obtained by means of water in the absence of air other than that absorbed at the 
normal atmosphere pressure, and thus the physical conditions produced were closely 
similar to those actually existent in the deep sea. They are the first of their kind. 

Professor Paul Bert’s ^ somewhat similar experiments related to a different 
question altogether—namely, the effect on aquatic organisms of water subjected to 
the pressure of compressed air. He found that young eels were rapidly killed when 
subjected to a pressure of only 15 atmospheres, and could not survive one of even 
7 atmospheres for any considerable time.® He pointed out the essential difference 
between the conditions produced in such expenments and those existing in the* 
deep sea, where the charge of oxygen contained by the water has been taken up at 
the surface under a pressure of one atmosphere only. 

In the experiments on animals made by M. Eegnard’s method there is the 
obvious difficulty that the supply of oxygen in the water compressed cannot he re¬ 
newed during the experiment, but must he gradually reduced hy respiration, and 
for this reason it would probably be useless, unless a large quantity of water would 
be employed, to try the effect on a fish of a very gradual application of pressure, 
extending over many hours. It is probable that the results would be greatly 
modified if plenty of time could be given fox the fish to accommodate itself to the 
change of pressure, and the conditions in which it moves in nature slowly from one 
depth to another he imitated. The results of M. Eegnard’s further experiments 
will be looked forward to with great interest. 

A question of the utmost moment, and one that has received a good deal of 
attention, is that as to the source of food of the deep-sea animals. Certainly a 
large proportion of this food is derived from the life on the ocean-surface. The 
debris of pelagic animals sinks slowly downwards, forming on its passage a sparsely 
scattered supply of food for any animals possibly living at intermediate depths, 
but becoming concentrated as it were on the bottom. The pelagic animals depend 
for their ultimate source of food, no doubt, largely on the various pelagic plants, 
the range of which in depth is limited by the penetration of sea-water by the sun¬ 
light, and probably to an important extent is dependent on the symbiotic com¬ 
binations of radiolarians with ^ooxantheila. But a large part of their food-sup¬ 
ply is also constituted by animal and vegetable ddbris derived from ibe coasts, 
either directly from the littoral zone or hy rivers and the action of the tides from 
terrestrial life. Immense quantities of shore-debris have been dredged from deep 
near coasts, and deep-sea life appears to diminish in abundance as coasts are 


B,egnard, ‘ Becherohes Exp^rimentales sur ITnfiuence des Ws-bautes Pressions 
‘ nes Tivants,’ CfmptesrJSendm^ Ho. 12, 24 miars 1884, p. 745. 


Paris, 1878,p. S14. 



TKANSACTIONS OF SECTION I). 


749 


receded from. Unfortunately our knowledge of pelagic vegetable life is very im¬ 
perfect, and it is to be hoped that botanists may be led to take up the subject and 
bring together what is known with regard to the geological ranges and abundance 
of the various larger seaweeds, trichodesmium, diatoms, and other algae by which 
the sea-surface is inhabited. It will, then, be possible to form a nearer estimate 
of the extent to which these plants are capable of foimng a sufBcient ultimate 
food-source for the greater part of the pelagic fauna, and through it of deep-sea 
life. The question is of importance, because if the deep sea, having no ultimate 
source of food in itself, derived its main supply from the coasts and land-surfaces 
in the early history of the habitation of the globe by animals, there can have 
existed scarcely any deep-sea fauna until the littoral and terrestrial faunas and 
floras had become well established. 

Whether the littoral and terrestrial plants or the pelagic be proved to have 
the larger share in composing the ultimate food-source of the deep sea, it seems 
certain that the food as it reaches the deep sea is mostly in the form of dead 
matter, and I imagine that the long but slender backwardly directed teeth of many 
deep-sea fish, resembling those of snakes, are used rather as aids for swallowing 
whole other fishes which have fallen from above dead, and thus making the best of 
an occasional opportunity of a meal, than for catching and kiHing living prey. In 
a lecture on ^ Life in the Deep Sea,’ delivered in 1880,^ I suggested that putrefac¬ 
tion of organic matter, such as ordinarily occurs elsewhere, may possibly be entirely 
absent in the deep sea, the bacteria and other microphytes which cause it being 
possibly absent. Some interesting experiments with regard to this question have 
lately been made by M. A. Certes.^ He added to stenlised solutions of hay- 
extract, milk, broth, and other organic nutrient fluids mixed with sea-water, with 
the usual necessary precantions, small quantities of deep-sea mud, or deep-sea 
water, procured by the ^ Travailleur ’ and ‘ Talisman.’ In some experiments air was 
present; others were made in vacuo. In nearly all the former putrefaction occurred 
after some time, especially after application of warmth, and micro-organisms were 
developed, whilst the latter remained without exception sterile, apparently indi¬ 
cating that the microbes which live where air is absent are not present in the deep 
sea. The others which developed in the presence of oxygen may possibly have 
sunk from the, surface to the bottom, and have retained their vitality, although it 
is not improbable that they may be incapable of active existence and multiplication 
under the physical conditions there existing. M. Certes is to make further 
experiments on this questiou under conditions of pressure and temperature as 
nearly resembling those of the deep sea as possible. In the deep sea the ordinary 
cycle of chemical changes of matter produced by life is incomplete, there being no 
plants to work up the decomposition products. These, therefore, in the absence of 
any rapid change of the deep-sea waters, must accumulate there, and can only be 
turned to account when they reach the surface-waters on the littoral regions. 

Many interesting results may be expected to be obtained when the histology of 
animals from great depths comes to be worked out, and especially that of the 
special sense-organs. At present very little has, been attempted in this direction, 
principally, no doubt, because deep-sea specimens are too precious to be used for 
the purpose. In a remarkable scopelid fish dredged by the ^ Challenger ’ from deep 
water, Ipmps Mutrayi of Dr. Gunther, the eyes are curiously flattened out and 
occupy the whole upper surface of the mouth. They are devoid of any trace of 
lens or iris, and, as appears from observations by Mr. John Murray and my own 
examination of his preparations, the retina consists of a layer of long rods, with a 
very thin layer indeed of nerve-fibres in front of it, and apparently no intervening 
granular ganglionic or other layers. The rods are disposed in hexagonal bundles, 
the free ends of which rest on corresponding well-defined hexagonal areas, into 
which the choroid is divided. It is probable that aberrant structures may be found 

^ Lecture delivered at the Eoyal Institution, March 1880, Nature, April 22, 
.p. m. 

® < Sur la Culture, h Tabri des Germes Atmosph6riques, des Eaux et des Skliments 
rapport^s par les Expeditions du "Travailleux” et du ‘'Talisman,’* 1882, 1883/ 
Cmptm-Mendus, No. 11,11 mars 1884, p. 600. 
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in the retinas of deep-sea fish, which may conceivably help towards physiological 
conclusions as to the functions of the various components. With reg^ard to the all- 
important question of the nature of the light undoubtedly present in the deep sea, 
it is hardly possible to accept Professor Yenirs recent startling suggestion that sun¬ 
light penetrates to the greatest depths with perhaps an intensity at Irom 2,000 to 
8,000 fathoms equal to that of some of our partially moonlight nights. Such a con¬ 
jecture is entirely at variance with the results of all experiments on the penetration 
of sea-water by sunlight as yet made by physicists, results which have prevented 
other naturalists from adopting this solution of the problem. 

The progress of research by experts on the deep-sea fauna confirms the con¬ 
clusions early formed that it is impossible to determine any successive zones of 
depth in the deep-sea regions, characterised by the presence of special gi’oups of 
animals- Within the deep-sea region the contents of a trawl brought up from the 
bottom give no evidence which can he relied on as to the depth at which the 
bottom hes within a range of at least 2,500 fathoms. Some groups of animals appear 
to he characteristic of water of considerable depth, but representatives of them struggle 
up into much shallower regions. Thus of the remarkable order of Ilolothurians 
Elasipoda nearly all the representatives occur at very considerable depths, and 
their numbers diminish shorewards, but one has been found in only 100 fathoms. 
Again, the Ponrtalesidee range upwards into about 300 fathoms, and the Phormo- 
somas, which Loven considers as eminently deep-sea forms, range np to a little 
over 100 fathoms depth, and are nearly represented in shallow water at a deptli of 
only five fathoms by AsthenoBoma. As has often been pointed out before, there 
are numerous genera, and even species, which range even from the shore-region to 
great depths. 

The fact that zones of depth cannot thus be determined adds seriously to the 
difficulties encountered in the attempt to determine approximately the depths at 
which geological deposits have been formed. Dr, Theodore Fuchs,‘ in an elaborate 
essay on all questions bearing on the subject, has attempted to determine what 
geological strata should be considered as of deep-sea formation, but, as he define<i 
the deep-sea fauna as commencing at 100 fathoms and extending downwardto all 
depths, his results may be considered as merely determining whether certain 
deposits have been found in as great a depth as 100 fathoms or less, a result of 
little value as indicating the depths of ancient seas or the extent of uphea'v al oi’^ 
depiession of their bottoms. Mr. John Murray has shown that the depths at 
which modern deep-sea deposits have been formed can be approximately ascer¬ 
tained bjr the examination of their microscopical composition and the condition of 
preservation of xhe contained pelagic and other shells and spicules. 

The most important question with regard to life in the ocean, at present 
insufficiently answered, is that as to the conditions with regard to life of the inter¬ 
mediate waters between the surface and the bottom, Xt is most necessary that 
further investigations should^ he made in exiension of those carried out by 
Mr. Alexander Agassiz with sirmlar apparatus—a net, or vessel, which can bo let 
down to a certain depth, whilst completely closed, then opened, lowered for some 
distance, and again closed before it is "drawn to the surface. The greatest 
uncertainty and difference of opinion exist as to whether the intermediate waters 
are inhabited at all by animals, and, if they are inhabited, to what extent; and 
these intermediate waters constitute % far the greatest part of the ocean. If we 
estimate roughly the depth of the surface-zone inhabited by an abundant peUgie 
fauna at 100 fathoms, and that of the zone inhabited by the bottom animals at 100 
fathoms also, the^ average depth of the ocean being about 1,880 fiithoms, it results 
that the intermediate waters, concerning the conditions of life in which we are at 
present in the utmost uncertainty, really represent more than eight-ninths of the bulk 
of the entire ocean. Great care should be exercised in drawing conclusions from the 
dwths asenhed to^ animals in some^ of the memoirs in the official work on the 
' (SmaHeUger’ expedition. The scientific staff of the expedition merely recorded on 

^ V^fejehe Ablagenmgen haben wir als Tiefseebildungen zu betrsohten ? ’ 2^diet 
Mmralogiey O^ohgU mA Palmntologie^ 11. Beilagc, Bd. 1882* 
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each hottle containiDg a specimen the depth from which the net in which the 
specimen was found had been drawn up. In many instances, from the nature of 
the specimen, it is impossible that it can have come from anywhere but the 
bottom, but in many others it is quite possible that a particular- specimen may have 
entered the net at any intermediate depth, or^ close to the surface, and this is a 
matter on which the author of the monograph in which the specimen is described 
can form tbe best conclusion, if one can be formed at all from his knowledge of 
the animal itself. In all doubtful cases the mere record of the depth* must be 
received with caution. 

Just as before the commencement of the present period of deep-sea research 
there was a strong tendency amongst naturalists, owing to the induence of the 
views of Edward Eorbes, to refuse to accept the clearest evidences of the existence 
of starfish and other animal life on the sea-hottom at great depths, so there seema 
now to have sprung up in certain quarters an^ opposite tendency, leading to the 
assignment of animals possibly of surface origin to great depths on inconclusive 
evidence. 

With regard to the constitution of the deep-sea fauna, one of its most 
remarkable features is the general absence from it of Palseozoic forms, excepting 
so far as representatives of tbe MoUnsca and BracMopoda are concerned, and it is 
remarkable that amongst the deep-sea mollnsca no representatives of the 
and Ammonitid^B, so excessively abundant in ancient periods, occur, and that Lingidaf 
the most ancient Brachiopod, should occuar in shallow water only. 

There are no representatives of the most characteristic of the Palseozoic corals, 
such as Zaphrmtis, Cystiphyllumy Stauria or GonicpJiyllum. Possible representa¬ 
tives of the Cyathonm'idcB have indeed been obtained in Giiynia^ described by 
Professor Martin Duncan, and Haplophyllia and Duncaniay described by the 
late Count Pourtales, but tbe CyathmaxidcB are tbe least aberrant and cbaracteristic 
members of so-called Mugom. Pourtales justly felt doubtful whether the arrange¬ 
ment of the septa in four systems instead of six could in itself be considered as a 
criterion of tbe Rugosay^ and in the cases of Saplophyllia and JDuncania the 
septa may be described rather as devoid of any definite numerical arrangement 
thW exhibiting any tetrameral grouping. Further, I have lately examined by 
means of sections the structure of the soft parts of Dwmania in a specimen' 
kindly given to me by Mr. Alexander Agassiz for the purpose, and find that with 
regard to the peculiar arrangement of the longitudinal septal muscles and the, 
demarcation of the directive septa the coral agrees essentially mth the Hexactiniaa 
Caryophyllia and all other modern Madreporaria the anatoniy of which has been 
adequatdy investigated. 

There are further no representatives of the ancient AlcyonarianSy forming* 
massive coralla, the SdioporidtB and their allies, in deep water, no Ralmo&rinoidSy ; 
C^stidea, or JBlmtoideay no RalecMmidmy no TriloUteBy no allies of LvmduSy no 
Garimds. Further, other ancestral forms, certainly of great antiquity, although 
unrecorded geologically, such as Amphhxvsy do not occur in deep water. It might 
well have been expected that, had the deep sea been fully colonist in the Palaeozoic 
period, a considerable series of representative forms of. that age might have 
survived there in the absence of most of the active physical, agents of modification 
which characterise the coast regions. 

. From the results of present deep-sea research it appeal's that almost all modern 
littoral forma ,are capable of adapting themselves to the conditions of deep-sea 
life, and there, is no reason why Palaeozoic forms should not have done so if the 
abyssal conditions were similar to those now existing, just as a considerable number 
of forms of tbe chalk period have survived there. In fact, however, most of 
survivals of very ancient forma —Mmvdmy J>ipnoiy Ganoids-r- 

occur in shallow seas or fresh water. 

With regard to the origin of the deep-^sea^ fauna, there can be little doubt that 
it has been derived almost entirely from the littoral fauna, which also must have 

^ * Zoological Results of the Hassler Expedition,* See Cat Mas. Comp. Zool. Bar- 
'^0. vhi. 187-1, p. 4,4,. 
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preceded, and possibly given rise to, tlie entire terrestrial fauna. Although the 
littoral, and even its offspring, the terrestrial faunas, have undoubtedly, during the 
progress of time, contributed to the pelagic fauna, and although it is very likely 
that first traces of life may have come into existence in the shallow waters of the 
coast, it is not improbable that we should look to the pelagic conditions of 
existence as those under which most of the earliest types of animal life were deve¬ 
loped. Nearly all the present inhabitants of the littoral zone revert to the pelagic free- 
swinoiming form of existence in their early developmental stages, or in cases where 
these stages have been lost can be shown to have once possessed it. And these 
pelagic larval forms are in many cases so closely alike in essential structure, 
though springing from parents allied but widely differentiated from one another 
in the adult form, that it is impossible to regard them as otherwise than ancestral. 
Had they been produced by independent modification of the early stages of the 
several adult forms as a means of aiding in the diffusion of the species, they must 
have become more widely difterentiated from one another. The various early 
pelagic free-swimming forms, represented now mostly only by larvse, gradually 
adapted themselves to coast life, and underwent various modifications to enable 
them to withstand the beating of the surf on the shores and the actual modifying 
alterations of the tides, which, together with other circumstances of coast life, 
acted as strong impulses to their further development and difierentiation. Some 
developed hard shells and skeletons as protections; others secured their position by 
boring in the rocks or mud; others assumed an attached condition, and thus resisted 
the wash of the waves. A remarkable instance in point, about the circumstances 
of which there can be little doubt, is that of the Curipedia. The c^pris larva of 
JSalanus, evidently of pelagic origin, sprung from a Nduplius, fixes itself by its 
head to the rocks and develops a hard conical shell, by means of which it withstands 
the surf in places where nothing else can live. In the same way the JPkmtda 
larva, the Palaeozoic ccelenterate form, produces the reef coral and various other 
forms specially modified for and by the conditions of littoral existence. Similarly 
•echinoderms, mollusca, polyzoa, Crustacea, recapitulate in their ontogeny their 
passage from a pelagic into a littoral form of existence. 

It is because the ancestors of nearly all animals have passed through a littoral 
phase of existence, preceded mostly by a pelagic phase, that the investigations 
now being carried on on the coasts in marine laboratories throw floods of light 
on all the fundamental problems of zoology. From the littoral fauna a gradual 
migration must have taken place into the deep sea, but probably this did not occur 
till the littoral fauna was very fully established and considerable pressure was 
brought to bear on it by the struggle for existence. Further, since a large share of the 
present food of deep-sea animals is derived from coast-d<5bris, life must have become 
abundant in the littoral zone before there could have been a sufficient food-supply 
in the deeper regions adjoining it. Not until the development of terrestrial vege¬ 
tation and animal life can the supply have reached its present abundance. Such a 
condition was, however, certainly reached in the Carboniferous period. From what 
has been stated as to the general absence of representatives of Pal^iozoie forms from 
the deep sea, it is Just possible that if deep oceans existed in Palgeozoic periods they 
may not have been colonised at all, or to a very small extent, then, and that active 
n^ationinto deep waters commenced in the secondary period. Very possibly the 
■discharges of carbonic acid from the interior of the earth, which Professor Dittmar 
believes may have been sufficient to account for the vast existing deposits of'coal and 
limestone, may have been much more abundant than at present over tho deep-sea 
beds in the jPalseozoie period, and have rendered the deep waters more or less 
uninhabitable. 

. In his splendid monograph on the Fourtalma^^ which has recently app^red, 
Professor Loven has dwelt on the peculiar importance of the littoral and 

-infinity of agencies present in it ‘competent to call into play the 
ien^oneies to vary which are embodied in each species.^ He treats of the origin of 
■; fauna from that of the littoral region. It is impossible here to follow 

^ a ^r 0 up of UcUnoided, by Sven Loven, Stockholm, 18S3. 
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him in his most valuable speculations. In one matter, however, I would venture to 
express a difference of opinion. He regards the littoral forms of invertebrates as 
migrating into the deep sea by the following process : Their free-swimming larvfi© 
are supposed to be carried out by cmrents far from land, and then, having com¬ 
pleted their development, to sink to the bottom, w'liere a very few survive and 
thrive. It is hardly to be conceived that any animal, especially in a young and 
tender condition, could suddenly adapt itself to the vast change of conditions 
entailed in a move from littoral to deep-sea life. It seems to me much more 
likely that the move of animals from the shallow to the deep sea has been of the 
most gradual land and spread over long series of generations, which may have 
migrated downwards, perhaps a fathom or so in a century, partly by very slight 
migrations of the adults, partly by very short excursions of larvae. Thus alone 
by almost insensible steps could animals, such as those under consideration, he 
enabled to survive an entire change of food, light, temperature, and surroundings. 


The following Papers were read:— 

1. On the Geographical Distribution of the Macrurous Crustacea, 

By C. Spence Bate, F.E.S, 

The Macrura may conveniently he classified into three natural groups of 
apparently equal importance in size and structural character. These differ from 
each other in anatomical details, even where they approximate in external form; 
and they are essentially distinct in consanguinity by a large history in their develop¬ 
ment and growth. 

The distinction is more conveniently exhibited in the structure of the branchial 
apparatus, which differs importantly, and assumes three different forms. 

In the Astaddea —the lobster and crayfish division—the branchise are formed 
as a mass of cylindrical tubes varying in length, but thickly grouped together in 
a greater or less number of rows opening from one central stalk. 

In the Benmdea the branchise consist of filaments dividing into branches, 
sometimes diehotomously and sometimes unequally. These filaments are generally 
cylindrical in form, but in some genera they are so closely arranged that they 
become compressed into plates of considerable tenuity, still retaining, however, 
their divided or branching character. 

In the Caridea —the prawn and shrimp section—the branchise are in the form 
■of broad plates of extreme tenuity, arranged similarly to those that exist in crabs 
or the short-tailed Crustacea, the entire plume being suspended by the centre to 
that portion of the animal to which it belongs. 

With each of these there is a corresponmng condition of the walking legs. 

In the Astaddea all have a tendency to possess a chelate condition, of v^'Mch 
the first pair is the largest and the third the smallest, while the posterior is 
usually chelate only in the females. 

A departure from this exists in those genera that belong to the aberrant family 
of StenopidOj which possess the branchia of the Astaddea, the pereiopoda of the 
Bmmidea^ and the development of the Caridea, 

In the Benmidea the three anterior pairs of pereiopoda only are chelate, and this 
feature increases in importance posteriorly, and in the depau^rlsed species the first 
and second pairs depart from that condition, whereas the third, however feeble, stiH 
retains the chelate character; the fourth and fifth pairs are never chelate, gener¬ 
ally enfeebled, rudimentary, or obsolete, > 

In the Caridea there are never more than two pairs of legs chelate, and the 
posterior three pairs are invariably simple and, generally, robust and efficient organs 
'Of a pedifom ctoacter. 

With each of these three divisions there is more or less constant condition of 
-development. 

- In the Astaddea the embryo always leaves the ovum in a more or less perfectly 
developed megalop condition, with the exception of those genera that belong to the 
MmmMm which are hatched in the zosea stage* 

1884 
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In the Penmdea the young is supposed to be batched in a nauplius form, which 
has been demonstrated in Leiicifer ; in SergesUs and Penmis, as has approximately 
been shown in Sergestes, it is produced in the form of a blind Xelaphocnri^. In this 
dhision the ova are not connected with the animal by any membranous attach¬ 
ment, and are probably deposited in the open sea, there to be brought to maturity 
if they do not fall a prey to hungry animals. 

Within each division a greater or less departuie from the typical charactei 
takes place, the variation generally being the greater or less developed condition 
of the bianchioe and the peieiopoda or walking legs, and this departure is generally 
connected with an important change in some external foatui‘e belonging to thr 
animal, although there are some instances, as may be seen in tlie European and 
North Ameiican crayfish, where there is an alteration in the hranchial condition 
without any external evidence. Sometimes, as in NotoBtomus and Miersia the 
branchial arrangement continues the same, while the external features vary con¬ 
siderably. Again, in the history of development, as in the genus Alplimim, the 
young of some species are hatched in a distinct form from that of others, while the 
parents exhibit no sign of variation, while again the common shrimp and the 
common prawn (that is Orangon and Pdmnon), which evidently differ irom eacli 
other, hatch tlieir young in the same form. 

The ariability according to its importance and constancy breaks tlio several 
divisions into Families, Genera, and Species, while the character of developm^^nt 
demon&tiates a continuity in the history that exists in apparently widely separated 
species; an example of which may be seen in comparing the genus with 

that of Talinums, which appear to possess little or nothing in common, while their 
offspring in tho earliest stages of development appear to he identical. 

But in whatever stage the young may quit the ovum, theie is one common 
chapter in their history; that is, they invariably seek the surfiice of the sea, 
feeling as it were^ for light, air, and warmth, which for most of them would 
appear to be the chief condition for which they struggle in the earlier days of tlieir 
existence, after which they generally sink to that abyss, whence they have been 
brought to light through the far-reaching powers of modern inyestigation. 

Animals so delicate and fi’agile as these are very liable to injury and destruction 
from many causes. 

As far as our experience teaches us, they never in the rougher weather reaeli 
the surface, or, at least, remain there, and where they have the power of congre¬ 
gating most they fall a prey as food to many larger animals, Taking their several 
means of destruction besides those that seem natural to the condition of their young 
lives, we must suppose that a very much larger number must be hatched as comr 
pared with those that permanently arrive at the adult form. 

It is difiicult to determine the number of young born of any known species, but 
it musi be very great if we consider that a prawn of average size boars about a 
thousand eggs, and that a large Falinums, such as is sold in our inarkola as the 
crawfish or spiny lobster, produces many thousands ; the ova being small, or about 
one-fiftieth of an inch in diameter, while those otIXomarus are one-tenth, and those 
of Astarus are one-eighth. 

The stage at which development of the embryo has advanced at tho time when 
it quits the egg appears to bear some relative proportion to the size of the ovum. 

Thus our common edible shrimp has an egg only one-fortieth of an inch in 
diameter, while that of the Arctic species has one that is the eighth of an inch. 
The smaller ovum produces an animal in the zosea condition, while from the larger* 
the young appears in the megalopa stage. 

Talinw'iis, Arctm, Ibaecm, and other allied genera, produce their young in an 
intermediate condition, more advanced than a zoeea and less mature than a mega- 
lopa, in a form long believed to be an animal of distinct individuality known as 
FhyUomna, 

The genus Palinurus, perhaps more than any other, will assist in demonstrating 
which the character and condition of the young have in the geographx- 
eai of species. 

I here resist pausing to remark that, if an animal that has furnished 
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the tables of Europe with food from the earliest civilisation until now, and has 
been Iniown to scientific students since the days of AristotIe_,hasnot its life history- 
known to us, it cannot be a matter of surprise that time is yet required to obtain 
the many links that are necessary to complete our knowledge of the successive 
stages of life upon the earth ? 

The spiny lobster, known to fishermen on the coasts of Devon and Cornwall 
as the crawfish, the Palinunis vulgaris of naturalists, is common all around the 
shores of Europe, and abundant at the entrance of the English Channel, where 
as many as fifty or sixty may be captured by a single fisherman in one night. 
With this abundance it is remarkable that two or three specimens only of the 
young in the phyllosoma form have ever been procured off the coast. 

This species is represented in the southern hemisphere hy Falinurus Lctllandii, 
which ranges from the islands of Tristan d’Acunah in mid-ocean to the Cape of 
Good Hope, while P, Edtcardsii exists around the coasts from the Cape of Good 
Hope to New Zealand. Another species (P. frontalis') exists ojff the western coast 
of South America. Palinurus longimanus belongs to the West Indies. P. trigonus 
has been taken at Japan, and another, which I thinlv will ultimately be classified 
as being generically separate, P. hugelii, has been taken in the Indian Ocean. 

Besides these are others only separated by definitions that have been appreciated 
by the more analytical research of modem investigators. 

They consist of many species that are distinguishable from the preceding by 
the long and slender form of their first pair of antennae. This the late Dr. Gray 
identified by the name of PanuUms. The latter form embraces a large number of 
kno-wn species; their localities are more distributed, but appear most generally to be 
confined to the seas of the tropical or warmest latitudes. 

Three of these inhabit the Chinese and Japanese waters; three inhabit the 
Indian Seas ; four belong to the West Indies j one has been found oti* the coast of 
California, and two have been procured from the Islands in the Pacific. 

In point of geological time, the family to which these genera belong ranges 
from the Lias and lithographic limestones of England and Germany, in both of 
which it is represented by the solitary species Palinwrma longipes of Minster. 

The genus Ibaceus and its near allies Scyllarus, Thmus, Arctm, <S?c., differ 
from the Palinunnm in having a generally flattened or depressed appearance, and 
in the second pair of antennae, which, instead of being long, robust, and rigid, 
capable of being used as weapons of ofifence, are short, flat, and leaf-like. 

Most of these genera inhabit the warmer zones. Ibaccm Pet'onii has been taken 
as far south as Australia, hut the other species appear to be located within the 
tropics. 

One species of the genus Scyllarus has been taken as far north as Japan, or 
latitude 40® north. 

A species of the closely allied genus Ai'ctus^ though a tropical form, has been 
found as far north as the 50° of latitude, being common off the French coast, 
along the English Channel and occasionally off the shores of Devon and Cornwall, 
while species mere or less distinct have been found on the eastern shores of Asia 
and in the eastern Archipelago, as well as near the Canary and Gape Verde Islands 
in the Atlantic. 

Not veiy distant in structural features are the deep-sea genera that belong to 
tbe family of PolgchelidaB^ which hear a common general appearance and close 
anatomical relation to that of the fossil form of Mrym^ from the lithographic 
limestones of Bavaria and the Lias of England. 

PdlychdeS) WUUm<Bda^ and their congeners, are inhabitants of the deepest parts 
of the ocean that have been explored with the dredge, and there is little doubt but 
that they have been brought up from the bottom of the sea. 

The largest specimens have been taken from the greatest depth. 

Will&fjmsia leptodactyla has been taken at 1,900 fathoms, or rather more than 
two nailes in depth in the Pacific and Atlantic Oceans. 

The closely allied genus P&dicheles^ which is represented by six species that 
differ flrom each other in no very; remarkable degree in their external features, 
rapges from 120 to 1,070 fathoms in d^th, and is scattered over a large area. 

3 c 2 
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On the western shores of South America, around the broken coast of Patagonia, 
it has been taken in the channels between the rocljy islands that lie along the 
shore; others ha^e been taken among the Philippine Islands; also from the 
deeper water around New Guinea; two species off the Fiji Islands from near the 
New Hebrides; whilst their near ally and conoener Pohjchebs^ which is re¬ 
presented by four species, has been taken in the Mediterranean and off the coast of 
Spain, in mid-Atlantic and off the Fiji Islands, as well as near Kermadec and New 
Guinea, and the beautiful Folycheles ctnicifem^ that bears so near a resemblance to 
the extinct 3tym of geological record, w^as captured in the West Indian Seas, 

These genera wonderfully show that where conditions remain unaltered how 
little a thing is time, even when measured by geological oeoiis, in the history of the 
progressive growth of species. 

However different Enfon may be from Polyoheles, the difference in structural 
evidence is not greater than that which exists among species of the same genera 
in recent epochs. 

These animals are inhabitants of the deep sea. Their seeing powers are re¬ 
duced in construction and extent, and the organs are so hidden that they were long 
supposed not to exist; in the fossil representative they hare not yet been determined* 

It has generally been supposed that this depreciation in the power of vision in 
animals that live in deep waters is largely due to their being so far beyond the 
reach of light; but this can scarcely be the cause, inasmuch as that the genus 
Glyphocram/on, in which the eyes are remarkable for their large and well-developed 
condition, is found at equally great depths and frequently associated with them, 
and, taking the several ranges at which species have been found, the average depth 
of the Willemsesian group is less than that of other deep-sea forms in which the 
eyes are largje and conspicuous organs. 

An examination of the animal while yet in an embryonic condition—nn-d I have 
only had the opportunity of observing it before it has quitted the egg—shows that 
in its earliest stages of development the young has organs of vision similar to the 
ordinary crustacean type. 

Thus it is like the genus Alphmis, in which the eyes are reduced in size and 
hidden beneath the carapace in the adult, while in the younger stages of existence 
it possesses organs of vision of considerable size. The animals as they grow appear 
to retrograde in the condition of their organs of sight, a circumstance that induces 
one to believe that the adult animals to exist under the same conditions as 
the young, and depart from roaming in the open water to the hidden recesses 
where exposed organs of vision would be useless and liable to injury. 

The consideration of those deep-sea forms gradually leads us to that of another 
genus of no very distant structural character, but with very distinct surrounding 
conditions. 

Instead of inhabiting tlie deeper recesses of the sea, the genus Astacus and ils 
allies dwell in the shallow fresh-water streams and lakes of the continents and 
larger iblands. 

Species exist in the Northern and Southern Hemispheres. 

Those of the northern genera differ in the number of the branchia from those 
of the southern. The crajrfish of Europe and Asia possess fewer branchial plumes 
than those of North America, and those of North America fewer than those of the 
Southern Hemisphere. 

The species of Eastern Europe and Western Asia differ in general form from 
those of western Europe, although they correspond in tlioir branchial arrangement, 
while those of Western Europe closely resemble those of Eastern America, although 
they differ from them in their branchml condition. 

The species of South America differ in general external form fW)m those of the 
Northern Continent, hut correspond with those of Australia, which again differ 
from the species of New Zealand; while the solitary species in Madagascar differs 
from aU others structurally, hut corresponds externally with that of Australia. 
Aaad the recently discovered Astacus ffroin the Eocene strata of North America 
possesses the same congenital features peculiar to the recent form of the Northern 
Hemisprhem 
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Thus it would seem that each province has its own peculiar form^ or what we 
call genus. All these bear a general resemblance to one another, as if they all 
came—^the noitiiern form from its common pai'ent, the southern from its common 
parent, and both from one still older in the remote history in the life of these species. 

The genus of long-legged prawns, to which Professor A. Milne-Edwards has 
given the name of Nematocureimis, is essentially pelagic. The several species pass 
their lives floating in mid-water, with perhaps an occasional contact with the sea 
bottom. 

Their geographical range is very extended, and their average floating area is 
about half a mile below the surface of the ocean. 

The deepest point at which specimens have been taken is off the north-western 
coast of the Celebes Islands, at 2,150 fathoms, a depth of about 2^ miles, but on 
the western coast near the shore they have been taken at 255 fathoms. 

The next deepest range is south of Japan at 1,875 fathoms, and also at 560 and 
350 fathoms respectively of the southern and western coast of Japan; the 100 
fathom line is very near the shore at a point where the sea bottom dips suddenly to 
2,000 or 3,000 fathoms. Again, near the Island of Juan Eernandez, at 1,375 and 
1,450 fathoms. It has also been taken far south, in latitude 61° south, in the 
Indian Ocean, beyond the reach of any known land, at a depth of 1,260 fathoms. 
Off Eeimadec Island it has been taken at 600 fathoms, or about three-quarters of 
a mile, also near the Fiji group. 

The very varied recorded depths, differing as they do from ^ to miles, is sug¬ 
gestive that the animals do not reside at the extremest recorded, but that they 
were here entangled in colonies, swimming in mid-water, and brought to the 
surface. 

Two of the deepest recorded stations are not distant from two or three of the 
shallowest. We must suppose that in the same region the species have either the 
power of living under distinctly separate conditions of temperatee and bathy¬ 
metrical influences, or that they live suspended in the ocean over these greater 
depths. 

According to the observations brought home, the several species vary in form 
in points of little importance fcom each other, such as a longer and shorter 
rostrum, a short or a long foot, They extend over an area that reaches from the 
Antarctic snow line to the latitude of Japan, from the western coast of South 
America to the eastern shores of China. 

The lowest temperature recorded is that of 1*5°, and the highest 5'0°, 
They consist of nine or ten species from seventeen localities, besides those recorded 
from the West Indies and the Gape Yerde Islands by A. Milne-Edwards, 

The fresh-water genus, Atyoidea, is remarkable for the peculiarity of its form, 
as well as for having been found in localities so distant from one another. 

The American naturalist, Eandall, has described it from specimens taken in the 
rivers and ponds of the Hawaiian Islands, where they were also found by Dana. 
Another, but very closely allied, species was taken by the late Dr. Stimpson in the 
island of Tahiti, whence specimens have been brought home in the ‘ Challenger * 
collection, A third has been taken in the Mexican rivers by Saussure, and a fourth 
has been recently added to our knowledge from the rivers of Brazil by Dr. Fritz- 
Miilier. 

These animals have a peculiar character in the articulation of the heavy chelate 
joint of the first two pairs of pereiopoda with the carpus, being connected at the 
lower extreme angle only. The impinging fingers of the hand are hollowed out in 
the fashion of a spoon, the maigins of which are fringed with a thick mass of long 
hairs; this, when the hand is open, spread as a kind of fan, gathers and detains 
fine mud, around which the hairs close when the hand is shut, compressing it into 
pellets, which are passed into the mouth. 

The animal thus lives on the small, organisms that exist in the mud, which it 
collects with great rapidity. 

The male of this singular little animal is not provided with any offensive 
?^eapon, and is smaller than the female. 

The question naturally arises as to how far asunder can animals, that are 
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"believed to derive their orij 3 fia from a common parent, have attained their habitats 
•without any connecting influence as far as we can determine. 

Mons. A. Oertes says that he took some carefully collected sediment, from which 
he evaporated the water, and kept for three years; he then heated the material with 
boiled and hlterecl rain water. 

On the following day, notwithstanding all care had been taken 1o keep out orerms 
from the air, specimens of Flngellafa and Ciliata exhibited themselves, and two 
months later, nauplius-like forms appeared, which rapidly increased, and later 
assumed the form of Artemia salinn. 

Life being so long perbisteut in animals so high in organic structure is aiiggestive 
that, under more favourable conditions, others still higher mii^ht retain their vitality 
for a longer time than is generally believed, and that wading birds maybe the 
means of carrying mud in which small Crustacea, such as Atoyclea^ may have been 
encased with their ova, and so have transferred to a considerable distance the speci¬ 
mens of a distant locality. 

One of the most abundant of specific forms is tliat of tiio genus A1pli(pmy in 
which I include those congeners that have been sepaiated from it, more for the 
convenience of cla'^sitication than on account of any structural value. 

It contains twenty recognised species, and, with the exception of one single 
instance, they have all been taken within a depth of fifty fatln*>ms of water. 
They aie mostly recovered from muddy bottoms, but they are frequently found 
sheltered among masses of sponge or coial. From their peculiar habitat, and the 
protected condition of their ejes, I am induced, to believe that they burrow 
beneath the surface of the mud. 

They are mostly inhabitants of the warm seas, ahounding in tropical and siib- 
tropacal regions, becoming more scarce in the temperate, and gi^adually disappearing 
tow^ards the cold temperate and Antarctic regions. One species, that of Betmis 
truncatm, is recorded from Oape Horn, where it was dredged in about ten fathoms 
of water. With this exception none has been observed farther south than Kew 
Zealand, or 50° of S. latituae, or farther north than the Englisli C’haniiel, or 512° of 

latitude. 

They aie essentially a siib-litioral form, for the instances of theii having been 
taken beyond twenty fathoms of water are lew, and those are suggestive of a doubt¬ 
ful record. 

Alphrem amrus is twice recorded iu the ^ Challenger ’ collection as having been 
taken olf the coast of New Holland—once at a depth of eight fathoms, and once 
at 2,075 fathoms. 

I cannot conclude this short sketch of the habits and range of some of the more 
common and abundant species of prawns without noting that of a minute swimming 
specinieu that is called, in ^ Bell’s History of the British Crustacea/ Thmanopoda 
Couchii 

In the spring of the year this little creature, scarcely three-quarters of an inch 
in length, appears in great abundance in the English Channel a short distance 
beneath the surface of the sea; myriads come pouring in from the Atlanlic. 

^eso, which are mostly laden with ova, are of a slightly yellowish colour, and 
semitransparent; following these the herring comes ravenously on, and doToura all 
it meets with ; after the herring swim larger lish, which, in their turn, are chased 
by others. The geographical distribution of the more minute crustacoa guides and 
limits that of the mbre important animal, and the study of the former will un¬ 
doubtedly add much to our knowledge of the latter, and leach us that much of 
our own position in the world is dependent upon the existence and the condition, 
of life of other animals, which, from our want of knowledge of them and their 
habits, we are accustomed to regard as unimportant and insignificant. 

2., 0% tJie Geographical and Bathymetrical Distribution of the Orinoidea. 
By P. Herbeet Caepentbe, JD.Sc. 

tl^feeogxaphical distribution of the Crinoids is fully as extensive as that of 
me ^(TOthierms. Ootnatulse range between the two parallels of 81° N* and 
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52^^ S*, 'wliile the correspondii^ limits for the Stalked 0 jinoids are 68® N. and 46° S. 
Some genera, such as Actinometra and TmtacrinuSf occur in shallo'W' water 
everywhere, or almost everywhere within the tropics •, though Pentaerinus has not 
yet been obtained in the Pacific east of long. 170® W., nor between the meridians 
of 5° W, and 120® E., its nearest approach to the Indian ocean being the Moluccas. 
MetacrinuB, on the other hand, has been found in the neighbourhood of Sing^ore, 
but it is otherwise almost entirely limited to the tropical regions of the West 
Pacific, ranging, however, as far north as Japan; while Fentacnnus Wynll&^ 
ThomBoni occurs in the Atlantic as far north as lat. 45®. JBolopus, however, has 
never been obtained out of tbe Caribbean Sea. 

Of the stalked crinoids EMzocrims has tlie greatest northern range (68° N.), 
but it has not been met with more than once, or possibly twice, south of the 
eq^uator, and is limited to the Atlantic and Caribbean Sea. Pathycnfius, while 
ranging through 100® of latitude in the Atlantic and Southern Sea, does not occur in 
the Pacific at all, Antedon, on the other hand, is cosmopolitan, five species 
inhabiting the Arctic Ocean, while the genus is also well represented in the 
Southern Sea. 

As a general rule the individual species of Crinoids are mnch limited in their 
range, though there are a few well-marked exceptional cases. Poth species of 
Rhizocrimis occur in the east as weE as in the west Atlantic, Rhkocrinm Zofo^ 
tenm ranging from the Lofoten islands to 9° S. , or perhaps to 35° S. "While 
three species of Pentacrinidse occur in the South Pacific near the Eermadecs, and 
also among the Philippines. The four Caribbean species of Pmtacrimis are widely 
distributed among the West India islands, and it is very probable that systematic 
dredgings in Oceania, like those of the Blake in the Caribbean Sea, would largely 
increase the specific range, both of Pentaadnus and of Metacrinns. 

Among the Oomatulse, the well-known Antedm JEschnchti is universally 
distributed in the Arctic Ocean and on both sides of the Atlantic as far south as 
lat. 43° N., while Antedon dmtata of the Barents Sea, the north-east Atlantic, 
and the Scandinavian coasts is abundant on the banks off New England. Antedon 
carinata is another widely distributed species, occurring both on the Atlantic and 
on the Pacific coasts of South America, at Java, Mauritius, the Seychelles, and 
elsewhere j while Actinometra pulchella of the Caribbean Sea has also been 
dredged in moderately deep water off the coast of Morocco. The greater number 
of the Gomatulae, however, like the four species of Eathycrirvus and most of the 
Pentacrinidse have as yet been obtained at one or two localities only, and those 
not very widely separated. 

The genus Peidacrinus has been found at all depths between 40 and 1,350 
fathoms, though Jt has not been dre%ed more tbaji sixteen .times at a greater 
depth than 200 fathoms, and only three times below 700 fathoms. It is abundant 
in the Caribbean Sea, and has also been found in the east Atlantic, west Pacific, 
and among the Philippines* The allied genus MetaorinuB^ on the other hand, has 
a much more limitewi range, both bathymetrical and geographical, while it is 
unknown in the fossil state, for it has only been dredged twice below 200 fathoms, 
and never below 700; while, though extraordinarily abundant in shallow water at 
certain localities in the Malay Archipelago, it appears to be confined to the warmer 
parts of the western basin of the Pacific. 

BMzoGrinmy on the other hand, is almost entirely limited to the north Atlantic 
and the Caribbean Sea, and has been obtained at all depths from 80 to l,900fathoms ; 
it is fairly abundant down to 1,000 fathoms, though it is extremely rare below 
that depth. Here, however, it is replaced by Pothycrinm^vMx^ has been dredged 
eight times between one and two thousand fathoms, and once at 2,400 fathoms. 
This genus ranges from the Atlantic into the Southern Sea, but is not known 
elsewhere, nor does it occur in the fossE state as Mhmcrinm does. 

Two genera of recent Crinoids, Myocmm and TkaumatcerimcSj have large oral 
plates covering the peristome, and are thus to be -regarded as in a permanently 
larval condition. Both were dr^ed in the Southern Sea at depths of 1,600 fathoms 
and upwards, and both have certaia affinities with the Palseocrinoids. Myocrirm 
hm a tripartite base, which occitrs in no other Neocriuoid, while the arms are veiy 
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narrow relatively to the radials, and bear long pinnules on every sect ncl or third 
jointj very much as in the Carboniferous Barj/criniis lie7'<tdeus, 

Thuumatocrimm, on the other hand, although a true Comatula, has calyx- 
interradials resting directly on persistent basals, and so separating the lirst ludials 
laterally, this being a peculiarity wliich is especially characteristic of certain 
Hhodocrinidce. A stiE more extraordinary feature in the calyx of Thaiuhatocrinm 
is the presence of an anal appendage of the same nature as the so-called small 
lateral proboscis in Taaocrinus and Onychocnnm\ while three Lower fciilurian 
genera, Heferoerinm^Reteocnnus, and Xenotj'lnns seem to have possessed a similar 
structure. Its function appears to have been that of supporting the anal intei- 
radius of the disc, though it was in no way pierced for the reception of the hind 
gut. There is no trace of such a structure in auy other Neocrinoid but lluaimd'^ 
tocj’inus^ and its appearance in such a specialised type as a recent Comatula i® 
therefore not a little remarkable. 

As regards the other Comatuloe, Anfedon is found in all climate*? and at all 
depths, ranging from the littoral 2 one down to ^,900 fathoms. It has, howe\er, 
only been obtained four times below 1,200 fathoms, and at these great depths is 
only represented by extremely minute individuals. The same is the case with the 
ten-rayed Promachocrinus^ which seems to be fairly abundant in shallow w'atei* at 
certain localities in Kerguelen's Land; while dwarfed and almost colourless indi¬ 
viduals were obtained at 1,600 and at 1,800 fathoms at other localities in the 
Southern Sea. Aatimmetra, on the other hand, i« principally limited to the 
tropical and subtropical seas, and has not been obtained more than seven times 
below 200 fathoms, its lowest range yet known being 638 fathoms. Eudiocrmu^, 
a curious five-armed Comatula, not otherwise distinguishable from Antedon^lmH 
been dredged at various depths in the Atlantic and Pacific between the littoral 
zone and 1,050 fathoms; while the singular type Atelecrinus, which represents a 
permanently premature stage of other Comatuloe, is confined to depths between 
300 and 600 fathoms, rouglily speaking. 

Thus, then, while Bctthycrmm^ JSyocrinvs, and ThmmmtocrinuB are the 
ciinoids which are more especially characteristic of the abyssal zone below l,J0O 
fathoms, PentacrimiB, and three Oomatulid genera extend down int 

it from quite shallow water. All five, however, arc much reduced in size at these 
great depths, and it is further noticeable that the only species of Pcwfcccr/w ms which 
occur below 1,000 fathoms are those with comparatively few arms, the type which 
has the greatest range being the simple ten-armed Pentacrhim Xarei>icmm^ 


3* 071 the Origin of PreHli^Wafer Fmnas* 

By Professor W. J. Sollas, 

The poverty of fresh-water faunas is not to be explained by the dilTeretice in 
composition or climate of fresb-water areas as compared with marine; but more 
probably by the exclusion of free-swimming larvae as a means of distribution, since 
these feeble and fragile forms are unable to make headway against the current of 
a river which is always directed seawards. An attached form, introduced by any 
means into a river, could not establisli itself so long as it propagated exclusively 
by firee^wimming larvse. Hence, this method of propagation should never, or 
only v^ry exceptionally, occur in the case of fresh-wat«^r forms. Nor, as a matter 
of fact^ does it. In IIydi*a, fresh-water sponges, and Polyzoa, the young emerge 
in a complete state from a horny cyst. In TJnionidce the characteristic glochidium 
stage "^occurs. In most gastropods the eggs are attached by imbedment in jelly,. 

is viviparous. The suppres^on of a free-swimming larval stage not 
only occurs in ftesh-water, but in some marine invertebrates. This is connected 
wi^ tiie fact that the larval stage is one of immense disadvantage as compared 
withiho adult>^ and to Osoape from it development comes to take place in seclu- 
eiam Prom this a senes of otlier modifications results, such as accelerated and 
abbMkltad detelopnmt^ 
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water forms, tlie commonest can le traced to tlie conversion of marine into fresli- 
water areas. The earliest known lacustrine areas, those of the Old Eed Sandstone, 
have yielded a species of pond-mussel, which has been described as Anodmta 
Juked by Eorbes. The Permo-Triassic lakes contributed additional fresh-water 
forms, such as the Neritina and Melaniidse; other genera probably arose at this 
time, the occurrence of Unio, Physa, Yalvata, and Lymuea, in the Nearctic, 
Palgearctic, and Oriental regions during Cretaceous times suggests for them a high 
antiquity, possibly reaching into Palseozoic times. 

The lakes of the Tertiary period furnished probably the fresh-water genera 
Lithoglyplius and Dremencu 

Thus existing fresh-water genera are probably descended from marine forms 
which became metamorphosed in the waters of the Devonian, Triassic, and 
Tertiary lakes. _ 


4. On a Fish supjposed to he of Deep-sea Origin, 
By the Eev. D. Honeyman, t),G.L,, F,E,S,G, 


5. On the Trapping of Young Fish hy the Water Weed, TJltrioularia Ynlgaris* 
By Professor Moseley, LL,D., F.B,8. 

The fact that the plant thus preys upon vertebrata was discovered by Mr, G. 
E< Simms, son of a tradesman in Oxford, and communicated to ^ Nature ’ in a letter 
by Professor Moseley, printed in ‘ Nature * of May 22, 1884. There appears to be 
room for much interesting further research as to the action of the plant in the 
process. Professor Moseley found of one batch of young fish placed in a vessel with 
a quantity of weed a certain residual number remained untrapped for several 
weeks. Possibly the plant soon loses its power of trapping when left in confine¬ 
ment, or is afiected by change of temperature in the weather. The old traps 
seem possibly less active than the young. Possibly young fish of certain species 
are &oni their habits less liable to be trapped than others. The bodies of tbe dead 
entrapped fish are rapidly reduced to a glairy mass by swarms of infusoria, which 
poesibly thus prepare the prey for the nourishment of the plant, taking the place 
of actual digestive organs, which Mr. Darwin showed to be absent in Utricuiarise. 


6. On the Oonoordanee of the Mollusca inliahiting loth sides of the North 
Atlantic and the intermediate Seas, By J. Gwyn Jeffreys, TjL.D.^ 
F,B.S ,—See Eeports, p. 531, 


FMIBAZ AUGUST 29 
The following Eeports and Papers were read:— 

1. Fourth Beport of the Committee for the Investigation of the Natural 

History of Tlmor-Daut —See Eeports, p, 263* 

2, Beport of the Committee for the Fxploraiion of Kilima-njaro and the^ 
adjoining Mountains of Flastern Fguatorial Africa ,—See Eeports, p. 271, 


3, Beport of the Committee for arranging for the occupation of a Table at 
the Zoological Station at Naples ,—See Eeports, p, 252, 


4. Beport on the Becord of Zoological Literature, 
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< 5 . Ite])Qrt of the Gommiitee for iwe^aring o, Bibliograplirj of certain Gh*oups 
of Invertehrata ,—See Reports, p. 270. 


6. Eeport on the Migration of Birds .—See Reports, p. 266. 


7. On the Oharacteristic Features of North American Vegetation. 
By Professor Asa Gray. —See Reports, p, 665. 


8. On the Identity of the Animals and Plants of India which are mentioned 
hj early Greeh Authors. By V. Ball, M.A.^ F.B.8. 

When engapred in inquiries with reference to the identification of the mineral 
productions of India which are mentioned hy early Greek writers, I noticed that 
many of the animals and plants alluded to by Herodotus, Megasthenes, Ktesias, 
Arrian, ^Blian, and Strabo are susceptible of exact identification when discussed 
from the point of view of our present knowledge of the natural productions of 
India, and the peculiar view's held by the natives regarding some of them. 

The result has been to remove from the category of myths many stories which 
have been hitherto regarded as unworthy of credence, and to remove from some of 
the writers the charges of mendacity w'hich have freely been cast upon them by 
commentators who were unacquainted with the local circumstances from which the 
peculiarities of the stories took their rise. 

In the very latest editions of some of the Greek authors are to be found com¬ 
ments derived proximately from Lassen, but ultimately from Ritter, and others 
before him. These comments, some of them upw'ards of half a century old, have 
been repeated without the slightest reference being made to the more exact infor¬ 
mation regarding India which is now available. 

In a paper shortly to be published in the ^ Proceedings of the Royal Irish 
Academy^ I have given a list of about thirty animals and twenty plants, the 
majority of the identifications having never before been suggested. The following 
are among the more important of these. 

Akimals. 

=Tiger. 

. . - Spotted Hyena (N. Croout(t). 

. . = Rhinoceros. 

. . = Crocodile or Gharial. 

Petroleum. 

« Shell lac. 

. . «Adjutant (ZeptoptUos). 

, . a* Mama {Mvlabes). 

. . »Bung Beetle (Soarahceus)* 

PLAIfTS. 

« Fan Palm {Borassus^aheUiformis)^ 
. . «Fims religiosa. 

f = Bassia latifolia. 

\ ^BchlMiera trijugu. 

„ Purple flowers yielding dye « Grisha tomentosa. 

The papr referred to will contain a full discussion of all these klentifications., 

M ,44#lemeBtionedby our authors, this is an Ethiopian aaimaL Hitherto it has 
for the jackal 


The Martikhora 
„ Krohottas ^ 

„ Kartamnon 
„ Skoh.v 

„ Oil of the tSkok.v 
„ Elektron . 

„ Kelas 
„ Kerkion . 
Eikairon , 


The Calamus Indicus 
„ Parehon , 

„ Biptakhm*a 
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9. On the Classification and Affinities of Dinosanrian Beffiiles. 

By Professor 0. 0. !^Iarsh. 

The autlior presented briefly the results of a study of Binosaurian reptiles on 
which he had been engaged for several years. The complete results will be puV 
lished in a series of monographs now in preparation. The material on which the 
investigation is mainly based consists of the remains of several hundred individuals 
of this group collected in the Rocky Mountains by the author, and now preserved 
in the Museum of Yale College. 

Other important American specimens have been examined by the author, who 
has also studied with care the more important remains of this group in the 
museums of Europe. The investigation is not yet completed, but the results 
already attained seem to be of sufficient interest to present to the Association 
at this time. 

In previous publications on this subject, the author had expressed the opinion 
that the Binosamia should be regarded, not as an order, but as a sub-class, and 
his later researches confirm this view. 

The great number of subordinate divisions in the group, and the remarkable 
diversity among those already discovered, indicate that many new forms will yet 
be found. Among those already known there is a much greater diflference in size 
and structure than in any other sul>class of vertebrates, with the exception of the 
placental mammals. Compared with the Marsupials, living and extinct, the^Dino- 
sauria show an equal diversity of structure and size. 

According to present evidence, the Dinosaurs were confined entirely to the 
Mesozoic age. They were abundant in the Jurassic, and continued in diminishing 
numbers to the end of the Cretaceous period, when they became extinct. The 
great variety of forms that flourished in the Triassic renders it more than probable 
that some members of the group existed in the Permian period, and their remains 
may be brought to light at any time. 

The Triassic Dinosaurs, although very numerous, are known to-day mainly 
from footprints and fragmentary osseous remains ; hence, many of the forms de¬ 
scribed cannot at present be referred to their appropriate divisions in the 
group. 

From the Jurassic, however, during which period Dinosaurian reptiles reached 
their zenith in size and numbers, representatives of no less than four well-marked 
orders are now so well known that different families and genera can be very 
accurately determined, and almost the entire osseous structure of typical examples, 
at least, can be made out with certainty. 

Comparatively little is yet known of Cretaceous Dinosaui's, although many have 
been described from incomplete specimens. All these appear to have been of large 
size, but much inferior in this respect to the gigantic forms of the previous period. 
The remains best preserved show that, before extinction, some members of the 
group became quite highly specialised. 

Regarding the Dinosaurs as a sub-class of the Meptilia, the forms best known 
at present may be classified as follows:— 

Sub-Class Dinosattria. 

Premaxillary bones separate; upper and lower temporal arches; rami of lower 
jaw united in front by cartilage only; no teeth on palate. Neural arches of vert^ 
brae united to centra by suture; sacral vertebrse codssified. Cervical and thoracic 
libs double-headed, ifium prolonged in front of acetabulum; acetabulum formed 
in part by pubes; ischia meet distaliy on median line. Fore and hind limbs present, 
the latter ambulatory and larger than those in front; head of femur at right angles 
to condyles; tibia with procnemial crest; fibula complete. First row of tarsals 
composed of astragalus and ealcaneum only, which together form the upper portion 
of ankle joint. 

L Order Saubopoda (Lizard-foot). Herbivorous. Premaxillary bones with 
teeth. Large antorhital opening. Anterior nares at apex of skuH. Post-occipital 
bones. Anterior vertebrse opisthocoelian; cervical nm co6s.sified with vertebrae ; 
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pre-sacral verte'brse liollow; each sacral Tertebra supports its own transverse pro¬ 
cess. Fore and hind limbs nearly equal; limb bones solid. Feet plantigrade, un¬ 
gulate ; five digits in maniis and in pes; second row of carpal and tarsal bones 
unossified. Sternal bones pariah Pubes projecting in front, and united distally by 
cartilage; no post-pubis. 

1* Family Atlantosmrid^s, A pituitary canal. Ischia directed downward, 
with expanded extremities meeting on median line. Sacrum hollow* Anterior 
caudals with lateral cavities. 

Genera : AtlantosauruSf Apatosaurus^ J^ronfosmtrus, 

2, Family Diplodoczdcs. Dentition weak. Brain inclined backward. Large 
pituitary fossa. Two antorbital openings, Ischia with straight shaft, not expanded 
distally, directed downward and backward, with ends meeting on median line. 
Caudals deeply excavated below. Chevrons with both anterior and posterior 
branches. 

Genus: Biplodocus. 

3. Family MomsauridiB. Small pituitary fossa. Ischia slender, with twisted 
shaft, directed backward, and sides meeting on median line. Sacral vertebrge solid. 
Anterior caudals solid. 

Genus: Morosaums, 

European forms of this order: Bothriospondylusj Cetiosaurus, Chondrosteo-- 
sauziis, Bucamez'otus, Ornitkopsis, Telorosmirus, 

II. Order Stegosatoia (Plated Lizard). Herbivorous. Feet plantigrade, 
uuf^ate; five digits in manus and in pes; second row of carpals unossified. Pubes 
projecting free in front; post-pubis present. For© limbs small; locomotion 
mainly on hind limbs. Cervical ribs free. Yertebree and limb bones solid. 
Osseous dermal armour. 

1. Family 8 Ugosauz^(s. Tertebrse hi-concave. Neural canal in sacrum ex¬ 
panded into large chamber; iscMa directed backward, with sides meeting on 
median line. Astragalus coossified with tibia; metapodials very short. 

Genera: Stegosaurus (Bypsirhophus), Biraeodon^ and in Europe Omosaurus. 

2. Family Scelidosauridm. Astragalus not cobssified with tibia; metatarsals 
elongated; four functional digits in pes. Known forms all European. 

Genera: Scelidosawrus, AcantJiophoUs, CratmomuSy HylmosauruSj Folaeantlius, 

III, Order Ornithopoda (Bird-foot). Premaxillaries edentulous in front. A 
premandihular hone. Herbivorous. Feet digitigrade, five functional digits in 
manus and three in pes. ^ Pubes projecting free in front; post-pubis present. 
Yertebrjos solid. Cervical ribs free. Fore limbs small; limb bones bollow. 

1. Family Camptosauruife, Clavicles wanting; post-pubis complete. 

Genera: Camptosaurusy Laosmnis, Mtnosaurus ; and m Europe Myj^silophodon, 

2, Family Iguamdontidce, PremaxilLariea edentulous,, Post-pubis incomplete. 
Known forms all European. 

Genera: Igmnodon, Vectismirus. 

^ 3,^ Family Hudrosaurid^. Teeth in several rows, forming with use a tesselated 
grinding surface. Anterior vertebrse opisthocoelian. 

Genera: Btadrosaurus {Bidonms)y ? Agathaumas, Cionodon, 

lY. Order Theropoda (Beast-foot). Carnivorous. Premaxillary bones witli 
teeth. Anterior nares at end of skuB. Large antorbital opening. Vertebra* 
more or less hollovr. Limb bones hollow. Feet digitigrade; digits with preliensile 
claws. Pubes projecting downward, with distal ends codssified, 

1, Family Megahsauridee, Anterior vertebra convexo-concave; remaining 
vertebra bi-concave. Pubes slender. Astragalus with ascending process. 

Genera: Megdosaurus {FoikUcplmrm}^ AUosaurus, CmlosauruSf CreosaurnSy 
Bryptosanrus {Lmiaps), 

2*,.Family Lahrosaundm^ Lower jaws edentulous in front. Cervical and 
dorssl verteorse convexo-concave. Pubes slender, with anterior margins united, 
^th ascending process. 

,. Vertebras bi^concave* Pubes broad elongate platej^ 
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with anterior margins united. Astragalus without ascending process. Five digits 
in manus and in pes. 

Genera: Zanclodon, f Terato^auriis. 

4. Family AncMsanridcB, Tertebrin hi-concave. Pubes rod-like. Five digits 
in manus, and three in pes. 

Genera; AncMmurm (3Iegadacfyhi^)) ? Bathygimtlius, ? ClepsysaiiruSf Pal^so- 
sam'^uSf Tkecodoutosaums, 

Sub-Order Ccelijeia. 

5. Family Ccshiridts, Vertebra and bones of skeleton pneumatic. Anterior 
cervicals convexo-concave; remaining vertebrae bi-concave. Cervical ribs co¬ 
ossified with vertebra). Metatarsals very long and slender. 

Genus: CmluruB. 

Sub-Order OoiiPSOGyATEA. 

6. Family Coynpsotjnathidce. Cervical vertebrae convexo-concave*, remaining 
vertebrae bi-concave. Three functional digits in manus and in pes, Ischia with 
long symphysis on median line. 

Genus: Compsognatlms, 

Suh-Order Ceeatosaitria. 

7. Family CerutoBauridoi, Horn on skuE. Cervical vertebrae plano-concave; 
remaining vertebrae bi-concave. Pubes slender. Pelvic bones coossified. Osseous 
dermal plates. Astragalus with ascending process. Metatarsals coossified. 

Genus: Ceratosaurm, 

The four orders defined above, which the author first established for the recep¬ 
tion of the American Jurassic ,Dinosaurs, ^pear to be all natural groups, well 
marked in general from each other. The European Dinosaurs from deposits of 
corresponding age faE readily into the same divisions,^ and, in some cases, 
admirably supplement the series indicated by the American forms. The more 
important remains from other formations in this country and in Europe, so far as 
their characters have been made out, may likewise be referred with certainty to 
the same orders. 

The three orders of Herbivorous Dinosaurs, although widely different in their 
typical forms, show indications of approximation in some of their aberrant genera. 
The Sauropoda, for example, with AtlaTitosawrus and Brontosaurus^ of gigantic size, 
for their most characteristic members, have in Mo7'osaurus a branch leading 
towards the Stegosawna, The latter order, likewise, although its type genus 
represents in many respects the most strongly marked division of the Dinosaurs, 
has in Sodidosaurm a form with some features pointing strongly towards the 
Ornithopoda, 

The Carnivorous Dmosauria now best known may all be placed at present in a 
single order, and this is widely separated from those that include the herbivorous 
forms. The three sub-orders here defined include very aben*ant forms, which 
show many points of resemblance to Mesozoic birds. Among the more fragment¬ 
ary remains belonging to this order, this resemblance appears to be carried much 
fimtber. 

The Arnplikaitridm and the Zandodmtidm^ the most generalised famiEes of the 
jyinosmina^ are known only from the Ihias. The typical genera, however, of all 
the orders and sub-orders are Jurassic forms, and on these especiaEy the present 
classification is based. The JEEudrosaundcs are the only famEy confined to the 
Cretaceous. Above this formation there appears to be at present no satisfactory 
evidence of any Dinosauria, 

The peculiar orders JECallopoda and A&tosau7Ha include carnivorous reptiles 
'which are alEed to the Dinosauriai but they differ from that group in some of its 
most characteristic features. In the former genus, the entire Hmbs are crocodEian, 
and this is also true of the dermal covering. In both of these genera there are but 
’two sacral vertebrm, but this may be the case in true Dinosaurs, especially from 
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the Trias, Future discoveries will probably bring to light intermediate forms 
between these orders and the typical Dinosaurs. 

The CroeodiUa have some strong affinities with the Dinosanria, especially with 
those of the order Srmropoda, The extinct genus Belodon of the Triassic, for 
example, resembles Diplodoam^ particularly in the large antorbital vacuities of the 
skull, the posterior position of the external nasal aperture, as well as in other 
features. 

The Bhynchoceplialaj represented by the genus Hatteria, have several important 
characters in common with the Dinosauria, and, as the former is evidently an 
ancient type, it is probable that a real affinity may exist between these two groups. 

That birds are closely related to Dinosaurs, there is no longer any question. 
In addition to the various characters which these groups have been know-n to 
share with each other, two more may be added in consequence of discoveries made 
during the past year. The genus CWotosautics, a carnivorous Dinosaur from the 
Jurassic of the Rocky Mountains, recently described by the author, has the pelvic 
bones cobssified, as in all known birds, living and extinct, except AreJueoptery.v, 
The same reptile, moreover, lias the metatarsal bones firmly united, as in all adult 
birds, with possibly the single exception of Archceopteryx \ while all the luiown 
Dinosauria, except Ceratosaarus^ have both the pelvic and the metatarsal bones 
separate. The exception in each case brings birds and reptiles near together at 
this point, and their close affinity is now a matter of demonstration. 


10. On the Eiidimenfary Hind-Limh of the Tay Whale, Megaptera longi- 
mana. By Professor J. Struthers, If.D. 

The author said the humphacked whale was extremely rare on the Briti^ coast. 
One had been seen often spouting for some weeks in December in the Firth of Tay; 
it was mortally wounded, and finally towed ashore dead, near Aberdeen. It was a 
male, forty feet in length. After it had been exhibited for a couple of weeks at 
Dundee he had partially dissected it. Having been preserved, it was further 
exhibited, and he had only completed his dissection immediately previous to 
coming out. The presence of a rudimentary thigh-bone had been discovered in 
this species many years ago by the late Professor Reinhardt of Copenhagen. The 
thigh-hone was composed entirely of a cartilage of conical shape, in length five and 
a half inches on the right side, four inches on the left; it was incased in fibrous 
tissue, and rested loosely on the pelvic bone without artificial surface. Looking q,t 
the anatomical facts, and comparing them with those in the other species he had 
referred to, the conclusion which must be arrived at was that the thigh-bone in the 
humpbacked whale was a rudimentary structure: a vestige of a more complete 
limb possessed by ancestors from which it was descended. The skeleton of this 
whale would, he hoped, he placed in the Dundee Museum, before the Association 
met in Aberdeen next year. 


11. Note on the ocowreme of Bacteria on the Surface of Ooim» 

By Professor Louis Blsbbbg, AM,, Ml), 

In the early part of tHs year Professor Paul F. Reinsch, of Erlangen, well known 
as a student of algse, published in the German periodical ^ Flora ^ (No. 9,1884) a 
description of two new species of algse found in the incrustations on the surface of old 
coins, and named by ham respectively Chroococcvs mmetarum and MmrocoocuB 
monetarum. He also announced that he had discovered on pieces of money that had 
long been in circulation innumerable bacteria. These he described as * rod-shaped 
bacteria (oscillaroid forms), with oscillating motion (vibrio), and spiral monon 
(spirillum^, and spherical bacteria (micrococcoid forms), with their peculiar oscilla¬ 
te danciiig motions/ He said,' Sometimes all these forms occur on one coin; but 
dsto either spherical or rod bacteria predominate, the first constituting 
mass. Spirillum is found more rareljr, bfit on carefm 
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investigation certainly also on very many coins. Of the typical bacterium there 
occur 4-12 linked rods of 0*0055—0*0077 mm. len^h upon all silver, copper, and 
bronze coins examined. The links at each end of the rod are usually thickened 
into a little head.’ 

I was requested to translate Professor Peinschs paper, and it has been widely 
published in various parts of the United States; but only recently I have repeated 
Professor Peinsch’s investigations. As to the oecuiTence of palmella-like and 
chroococcoid algse I can express no doubt; but most of the coins that I have 
examined, it is true the majority having been American, showed rod bacteria 
either to be present in very much smaller number than Professor Eeinsch describes^ 
or to be entirely absent, as I shall presently state, and the movement of the 
largest number of particles seen I believe to be molecular only. 

It is of interest that on the surface of a silver Spanish coin of the time of 
Charles II., 1777 (which I have good reason to believe had been put away and 
kept entirely out of circulation for at least fifty years), I found a few bacilli and 
bacteria in fields containing numerous micrococci exactly like those observed on 
coins now in circulation. The oldest coins examined were a Spanish silver piece of 
the reign of Philip V., 1721, another of Ferdinand VI., 1754, the one mentioned 
above, and a United States copper cent of 1803, in the sediment from all of 
which the micro-organisms were as active and of the same appearances as in more 
recent current money. 

I must also note that the American coins examined were the cleanest of all, 
and the most difficult to obtain matter containing bacteria from. Whether this is 
on account of any peculiarity of coinage or mixture of metals, which may interfere 
with retention of sediment that acts as nidus, I do not Iniow; but it held good ojf 
gold, silver, nickel, and copper coins. No American piece showed much micro¬ 
vegetation unless at least from six to ten years old, while Eiu’opean pieces usually 
showed the same when of dates only three or four years back. Many speculative 
reasons might be suggested to explain this, but I simply note the fact as I found it. 
Perhaps it was merely accidental, but I have examined a great many more 
American coins than European. 

I always found in the incrustation some fat and starch granules, and about half 
the number of rods were motionless. 

Professor Beinsch has pointed out the probability that the micro-organisms 
play a rSle in the process of erosion of the surface of circulating coins, and also the 
hygienic importance which may have to be ascribed to the presence, upon an object 
so diffused as money, of bodies in many cases recognised as the zymotic agents, the 
carriers and diffusers of disease. I am far from wishing, however, to promote the 
occurrence of what neurologists nowadays describe as mysophobia, a malady 
from which those who suffer have a morbid fear of contamination from handling 
money. 

On examining the dust that had been undisturbed for a long time in a crease of 
a writing-desk cover, and on tops of doors in some rooms, I found similar but not 
identical micro-vegetation, while the matter that I could obtain froni between the 
projections on the fine adjustment screw-head of a microscope, long in use, 
contained to aE appearances the very same as the coins; although positively to 
decide the question whether or not the organisms ore peculiar to money incrusta¬ 
tions I must admit my incompetency so far as the algae are concerned, and my 
inability to find grounds for a differential diagnoas between the bacteria found. 


12. On ilie Comparative Varialleness of jBone$ and Mmoles^ with JRemarhs 
on Vnity of Type in Yariaikm of the Origin and Imertion of certain 
~ in Species unconnected iy Unitij of Descent} By G. E. Dob- 

SON, F.E.iS. 


* Published in the Journal of Amtmy md Bhymhgy^ October 1884* 
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SATURDAY, AUGUST 30 . 
The Section did not meet. 


MONDAY, SEPTmiBUB 1 . 

The following Papers were read:— 

1. On tlie Value of Nerve-Supply in the JDeterminatiuyi of Muscular Ano7nalies. 
By Professor D. J. Cunningham, MD, 

The author spoke of the muscula sternalis as a new muscle in man," which had 
no counterpart among animals. It was, according to his experience, found more 
frequently among females than males, while Professor Sheppard, of McQill College, 
had, he learned, had three cases, all among males. 


2. On the Mutual Relation of the Recent Groups of Bclmtoderhis, 

By Professor A. Milnes Marshall, MB, 

The author said that of these there were four groups, the common starfish, 
brittle starfish, sea-urchins, and holothurians. The nerve-system was originally 
•derived from the skin. In some animals the nerve-system sank below, in others it 
remained near the skin, the latter being in a more primitive condition than those 
in which the nerve-system had sunk down. 


3. On the Fa fal Memhra^ies of the Marsupials. By W, H. Caldwell. 

This paper gave an account of the development of the marsupial embryo, which 
has been hitherto a riddle in biology. 


L On the Progress of his Investiyations in Australia. By W, H. Caldwell. 


o. An Attempt (o e:chihit Biagrammah'cally the several Stages of Fvolution 
of the Mammalia. By Q-. E. Dobson, M.A., F,RS. 

Plate IX. 

Since I had the privilege of hearing Professor Huxley read his paper on the 
Application of the Laws of Evolution to the Arrangement of the Mammalia, I have 
•endeavoured to discover some mode of presenting Ins views, more particularly those 
with respect to the Mammalia, in diagrammatic form, which might- serve to convey 
at a glance to the mind of the student the relative position of the various existing 
groups of this class, not only to one another hut also to the pre-existing classes from 
which they have been derived 

In the*diagram which I now present I hope that not only has this object been 
in a great measure attained, but that also some minor points, untouched in tho 
paper referred to, hare been at the same time illustrated. 

To everyone who has read Professor Huxley’s paper this diagram is, I trust, 
self-explanatory; to those who have not, the following notes may be acceptable. 

In this diagram the stage of evolution of the existing mammalian groups is 
indicated by a series of concentric circles, so that at a glance the position of any 
gjsoup with regard either to the hypothetical ancestors of the class, or to any other 
is at once s^n. 

Th^se hypothetical ancestors, termed by Huxley Ilypotheria, are included within 
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the small ianei’most circle. Such ancestors x^^onld, properly, not be classed as 
Mamxnals, for although they possessed two occipital condyles, yet the absence of 
mammary glands and the articulation of the mandible with a C[uadrate bone would 
necessarily prevent their recognition as such. 

From these ancestral forms, which would probably differ from their nearest 
vertebrate allies by the presence of two occipital condyles, the retention of the left 
as the principal aortic arch, the existence of an amnion and the non-existence of 
branchiae, we may conceive the evolution of the primary Mammalian forms, termed 
hy Huxley Prototheria (indicated in the diagram by the second ring), and of which 
the evidently highly differentiated species included within the genera Ornithorhyn- 
chus and Eclxidaa are the sole emsting representatives. 

While such forms by the possession of mammary glands would rank as 
Mammals, yet the absence of teats, the presence of a deep cloaca, the hypocystic 
position of the openings of the ureters, and thexharacters of the generative organs 
generally, indicate the early stage of their Mannnalian organisation. 

It is possible, however, that at this early stage separation into two groups took 
place (indicated i n the diagram by horizontal lines), from one of which proceeded 
the ancestors of the Placental, and from the other those of the Implacental Mam¬ 
mals. That such was the case appears to be indicated by the presence of epipuMc 
bones in both Monotremata and Marsupialia, while their existence, wheth; 6 r in a 
reduced or rudimentary state, is, to say the least of it, doubtful in aff other mammals. 

Again, a "binary division evidently also took place in each of those groups (indi¬ 
cated in the diagram hy vertical lines), giving origin on one side to the ancestors of 
the existing Monotremata (shown in the diagram to be a terminal group) and to 
the Marsxipialia, and on the other to those of the Ilomodont and Heterodont sub¬ 
classes of tbe higher Mammalia, 

The next stnge of evolution termed by Huxley Metatherial (indicated in 
the diagram by the third ring), is represented among existing Mammals by the 
Marsupialia„ themselves, like the Monotremata, a terminal group, though there can 
be no doubt that they are greatly modified representatives of this sub-class. It is 
more than probable that the now extinct Metatherial ancestors of existing Placental 
Mammals difibred altogether from those of the existing Marsupials, though helong- 
ing to the same evolutionary stage, in that they possessed neither marsupial bones 
nor pouches, nor were their young brought forth at a much*earlier period than in 
existing Carnivores and Rodents, but exhibited in common with them a marked 
advance in dcTelopment, as evidenced hy the presence of mammary teats, in the 
reduced condition of the cloaca, in the ento-cystic mode of opening of the ureters, and 
in the general characters of the generative organa. Nevertheless these mammals 
still presented Ettle advance in the intra-uterine mode of nutrition of the foetus, 
the placenta being still non-allantoic; indeed, as I am informed by Mr. Sedgwick, 
the recent discoveries of Mr. Caldwell in Australia, show that in their highly 
differentiated descendants, the Marsupialia, there is scarcely what deserves the 
name of a placenta. 

In the next stage, that of the Eutheria or Higher Mammalia (indicated in the 
upper semicircle of the diagram by the outer broad ring), we find a great ad¬ 
vance in development in the presence of an allantoic placenta which may be non- 
deciduous, as in the orders tJngulata, Cetacea, Sirenia, and Lemuroxdea, and in the 
Homodont order Squamata, or deciduate as la the remaining orders 5 and this is 
shown at a glance in the dia^am by the position of the words indicating the orders, 
those with deciduate placenta occupying the outer and higher position in the 
evolutionary scale. 

It is highly probable that the separation of the Homodont Mammals, represented 
by the existing and extinct Edentata (which for many reasons should be con¬ 
sidered a separate suh-class), took place at an early period of Mammalian evolution, 
perhaps in the Prototherian stage, as I have indicated by the vertical line dividing 
the upper semicircle into two equal parts. 

The natural affinities of the orders of Heterodont and Homodont Eutheriana to 
one another are indicated, as far as a linear series will aHow^ by their position in 
the eection to which each belongs, 
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6. Oil some FecuUarities in the Geographical Distribution of certain Mammals 
inhabiting Continental and Oceanic Islands} By G-. E, Dobhon, MA., 
F.B.8, 

The author points out the interesting fact, not hitherto noticed, that many of 
the most characteristic species of the Ohiropterous fauna of Australia have their 
nearest allies not in the Oriental hut in the Ethiopian region, thus contrasting 
remarkably with the avi-fauna, and instances the presence of species of the genera 
Chalindtobus and Moimoptems as occurring in the Ethiopian and Australian regions, 
■while they are unrepresented in the Oriental; and also the strong natural affinities 
existing between certain species of other genera inhabiting the former regions. lie 
also draws attention to the fact that not less than 80 per cent, of the species of 
Bteropus ^ are restricted to Australia and Madagascar with its islands, whHe a 
single species only, evidently derivati\e, inhabits the immense continent of India 
and the island of Ceylon. The necessity, in the first place, of postulating some 
connection between Africa, Madagascar, and the Australian Continent, to 
account for their distributional peculiarities, appears evident from consideration 
of the above noted facts, but the w'liter remarks that such connection was 
not by way of India, as shown by tbe absence of connecting species in 
that country, and points out that we are therefore obliged to suppose that at a 
comparatively recent period a chain of islands connected these continents, the 
islands being sufficiently far apart to prevent the entrance of terrestrial mammals, 
yet near Enough to permit of the occasional passage of some of the flying species. As 
it might with reason be urged that such propinquity of islands would also permit of 
interchange of the avi-fauna, the writer remarks that the existence of a complete 
chain of islands separated % sufficiently narrow straits may have existed for a 
short period only, the completeness of the chain being, perhaps, dependent on 
some volcanic group, which may have disappeared as suddenly as it came into 
existence ; under such circumstances bats would be much more likely to estabhsh 
themselves successfully in the new continental lands open to theii- migrations 
for the following reasons(1 ) that the food of both the frugivorous and in¬ 
sectivorous species is of a more general character than that of birds, few of the 
species of which are so omnivorous, within these limits, as the bat^; (2J that the 
nocturnal habits of the bats would enable them to escape observation from enemies 
always sure to recognise the presence of solitary individuals. 

With respectto the peculiardistribution of the species of tbe genus includ¬ 

ing the ^eat frugivorous bats, it is a noticeable tact that, although the small islands 
of Mauritius, Bourbon, and the Comoro group have each two very distinct species, 
the great continent of India and Burma and the island of Ceylon have but one. It 
appears, therefore, probable that India ow'es its single flying-fox to some other 
region, and in seeking for the country flrom which it is derive<l we must consider 
its nearest allies among the species of tbe genus. 

Now this species difters from P. EdtcardsU of Madagascar and (he Seychelle 
Islands in few and unimportant characters, presenting sucli difierencos only as 
mi^ht have resulted in a few generations, though they now appear to bo permanent. 
It is, therefore, evident that these two species have been derived within a compara¬ 
tively recent period from a common ancestor, and probable tliat the enormous 
number of individuals of P. medius^ now representing the genus in India, are the 
descendants of a few individuals originally escaped li*om their island homes in the 
Indian Ocean, and now cut off by subsidence of some of these islands from their 
nearest relations. On no other hypothesis can we account for the discontinuous 
distribution of tbe species of this genus, for the incapability of these large bats to 
traverse^ wide oceanic spaces is shown by tbe fact that the narrow channel of 
Mozambique between tbe Comoro Islands and the African coaat has sufficed to 
prevent their entrance into Africa, where ti'ee fruit is abundant, and where immen'te 

^ Msfjaper will be published in esetemo in the AmaU md Mdgd/tlne ef Natural 
5, vol. xiv. 

* flviner-foxes. 
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fiLumBers of other fruit-eating hats abound. Indeed it is dii&cult to imagine 
one of these gi’eat bats, whose flight appears so slow and laboured compared 
with that of all other species of Chiroptera, traversing 60, much less 600, miles of 
unbroken sea—^for, even if carried out to sea by a storm, their wings would 
■evidently collapse long before they had travelled half the distance; on the other 
hand it is quite out of one’s power to understand their present distribution, except 
on the old grounds of independent creation, without postulating a much closer 
■connection than Mr. Wallace appears disposed to admit between the island groups 
in the Indian Ocean at a comparatively recent period. 

The above-noted facts lead to tbe following deductions, namely, that in the 
'•first place a chain of islands sufficiently close to allow of the passage, not only of 
the representatives of the genera of insectivorous bats referred to, but also of the 
large slow-flying frugivorous bats, must have existed between Madagascar and 
Australia; and, secondly, that at a later period a temporary connection of a similar 
idnd lay between Madagascar and India. 

It may be said that such connection with India would also permit of the intro¬ 
duction of insectivorous bats; but it must be again remembered that volant insects, 
■on which such hats feed, are very scarce in oceanic islands, while tree fruit, which 
forms the food of the frugivorous species, is usually abundant. Bearing these 
facts in mind, it is necessary to suppose that the islands, assumed to have formed 
the high-road for the insectivorous bats between Africa and Australia, must have 
been sufficiently large to support volant insects; while, on the other hand, a chain 
of small coral islands, placed not too far apart, and provided only with a few 
-fiuit-bearing trees, would have sufficed for the passage of the frugivorous species; 
nnd it appears more than probable that it was by such a chain that the ancestors 
•of the flying-foxes of India were introduced into that continent. 

A review of the above-noted statements lends strong support to tbe theory of 
^ continent, or series of large, closely connected islands, extending across the Indian 
Ocean at a comparatively recent period from Madagascar to Australia, which, 
•originally advanced by Mr. P. L. Sclater, F.R.S., is stm maintained by many most 
important distributional facts. 


7. On the Geografliical Distribution of the Laridoe {Gulls mid Terns), with 
special reference to Canadian Species, By Howabd Saotdebs, 

The author pointed out that, excepting in tbe case of the circumpolar and sub¬ 
arctic species of Laridm, the Atlantic forms a barrier between the Gulls of the 
Pahearctic and Nearctic regions; and almost so with the Terns. This he instanced 
by reference to some European species and their Canadian representatives. Owing 
to the belt of warm water between the tropics in the Atlantic, hardly any Gulls, 
and but few Terns belonging to the northern hemisphere, cross the eqtiator; but in 
the Pacific, where the expanse of warm water is narrowed by the approximation of 
the cold Humboldt’s current, which runs ft*om the Antarctic re^onsto the equator, 
on the one side, and by the Japanese cold current, reaching nearly to the equator, 
on the other, several species of Gtxlls which breed in tbe far north, winter in the 
.southern hemisphere. The Pacific coast of Korth and South America is inhabited 
by various species of Gulls differing -widely in coloration fi*om those of’ the Old 
World, with the exception of a single species found in'Japanese and Chinese waters, 
•and which presented intermediate characteristics. - The North Pacific was, more¬ 
over, the home aleutica, which partakes of the coloration of the typical 

Terns and of those of the inter-tropical Sobty-Tem group. It was only in the 
Pacific that the winter range of the cxrcumpolar forked-tailed gull, Xema mhinu, 

' ‘extended to the south of the equator; overlapping the area between the Galapagos 
Islands and the coast of Peru, the home, so far as is known, of the very rare X. 
furcata, only three specimens of which are in collections. * Nearly all the large 
without hoods are found in the North Pacific and Bering Sea; and there also 
4hat pecnito niatine genus, Eissa (the Atiantic representative ot which, i2. trMmtyla^ 
" lilis no devebped hind toe), Shows an approach to the typical four-toed Gulls by 

3 n 2 
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Baving a distinct Bind nail. Many other points indicate that it is in the Pacific 
that the majority of the existing groups, and even species of Gulls and Terns, have 
originated. 

8 . BesttU of the Investigations of Insular Floras, Bg W. B. HEfiMBLiiiY. 


9. Some Olservatiom on the direct descendants of Bos Briniigenius m 
Great Britain, By O'. P. Hughes. 

The author gave a brief sketch of the grounds we have, through numerous 
remains of Bcs IJrus or Primigenius, and from the account in Eoman history of 
the domestic and wild ox of 2,000 years ago, for supposing that the three typical 
breeds we have remaining in the parks of Ohaitley, Oadzow, and Chillingham are 
well nigh direct descendants of that aboriginal race. 

He described the difference between the Bos Primigenius and the Bos Lon- 
gifrons, the ancestors of our British cattle. 

He pointed out some mistakes in the report sent to the late Mr. Storer of the 
Oadzow herd of cattle, stating that they were a polled herd of cows. The author 
found the entire herd possessed of well-set on horns of 18 inches long j he also found 
their colour to be white, with a few black ticks, and not cream-coloured. He 
visited the Chillingham herd, and gave particulars as to an attempt at crossing 
being tried with a Durham bull. He considers the Chillingham herd the finest 
type of the Primigenius at this day extant. 


10. On Natural Co-ordination^ as evinced in Organic Evolution, 

’ By Dr. W. Prasbu. 

Nature affords us no decisive evidence of either creative or annihilative int 
ference, all its manifestations seeming to result solely from the spontaneoi 
operation of pre-inherent energies. But while the universe as a whole appear. ’ 
thus like an independent and uninterrupted system, with sequences limited and 
determined only hy intrinsic capacities and tendencies, all its subordinate indi¬ 
vidual parts, consisting of mere potentialities, dependent for the actual evolution of 
their energies on supplementary aids, and also liable to adventitious disturbances, 
have their activities limited and determined by extrinsic as well as iiitiinsic 
conditions. 

Inorganic units, comprising both atoms and molecules, are universally intrans- 
mntable and agenetic in constitution and endowments, being utterly devoid of 
either progressive or productive individual capacities, for, thougli compound 
chemical sxibstances may be resolvable into more elementary ones, this const if utes 
neither production nor process, as the physical processes of alternate composition 
and decomposition are indefinitely reversible without the slightest appreciable 
modification of intimate constitution in any of the factors engaged. 

In contrast to the intransmutable and agenetic character of inorganic units, all 
organic forms, embracing germs, organisms, and structural elements, are distin¬ 
guished by the possession oi transmutable dispositions and genetic potentialities; 
no organisation ever remaining absolutely alike during any consecutive periods of 
developmental activity, and every integral portion, when properly supplemented 
and protected, seeming competent to directly or indirectly engender and perpetuate 
interminable successions of more or less similarly endowed products. 

As organic units, in common with all other subordinate material systems, 
include but mere potentialities, the absence or incongruity of auxiliaries often as 
effectually restrains thear evolutional tendencies as would the direct operation of 
positively injurious agencies. 

All development is practically subjected to extraneous restraints, no organisa** 
Hon ever realimng the greatest results which its inherent potentialities would admit, 
TBe restraints to collective development are dearly seen in the limited expan-^ 
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sron of tbe organic world compared with the elasticity potentially inherent in the 
reproductive capacities of its members. The more restricted range of particular 
groups is due to their more special needs, as well as to the necessarily more 
numerous obstacles encountered; the total aggregate having to strive only against 
the resistances and encroachments of inorganic nature, whereas each component part 
has also to contend with the competition and assaults of distinct congeners. Not 
only the extent but also the configuration of organic distribution is determined 
by the manner in which the inward expansive and outward repressive forces 
counteract or overcome each other at their several places of collision. At some 
points, from diminution of sustenance, increase of enemies or competitors, or j^om 
other adverse circumstances, expansion may he checked or contracted, while at 
other points, fi’om opposite causes, it may he permitted to an unusual extent, thus 
leading to frequent or perpetual oscillations of outline, varying on different 
occasions, but always being a resultant of conflicts between centrifugally expand¬ 
ing and centripetally compressing forces. 

Though not so obvious, it is no less conclusive that individual morphology, in 
like manner, invariably results from the efforts of intrinsic or developmental 
energies against extrinsic or envelopmental restraints and encroachments* A 
homogeneous unit expanding centrifugally from a single point, with equal intensity 
in every direction, amidst an unresisting or uniformly resisting medium would 
retain an absolutely spherical figure, its magnitude being a resultant of the equili¬ 
brium between internal tension and external resistances; any deviation from its 
original symmetry indicating a corresponding degree of inequality between 
mutually opposing inward and outward forces at their several points of contact 
Such a unicentral expanding system would have no internal conflicts, all the 
obstacles to its evolutional tendencies being purely of external origin; but a multi- 
central or composite body, such as every complex organism represents, including 
many distinct simultaneously evolving parts, must necessarily be the subject of 
anterior as well as exterior conditions of restraint, not only its total bulk and 
.shape, but also the confirmation and relative position of different organs, as weE 
as the localisation and composition of every tissue element, being consequences of 
equilibria between innumerable developmental tensions and envelopmental restraints, 
any modification in such an economy (wherever occurring and however induced) 
possibly reverberating so as to effect its entire constitution. Every complete germ 
at its inception couta.ins a certain specilie potentiality or developmental capacity, 
which, under an optimism of conditions would evolve a maximum of normal 
results. 

The different cells in this incipient economy constitute a number of distinct 
•centres of latent or potential elasticity, which, by nutrition, become separate foci 
•of mutually conflicting expansive energies. In such an interdependent arrange¬ 
ment some parts may be unduly favoured and developed at the expense of incor 
porated elements, yet in no possible way can any structure be made to evolve more 
than was potentially included in its primitive organisation, for, while accessory 
provisions are indispensable to development, these possess only a stimulative or 
permissive value, never a creative power j their share in the process consiaring in 
the liberation and determination of previously occluded inherent potentialities. 

Hence, when some new character is evolved or an old one modified (whether 
abruptly in a single individual or gradually throxxgh a succession of generations 
does not alter the case, genealogical attainments being never more than the sum cr 
resultant of individual acquirements), this does not imply that such has been 
•directly annexed, or introduced ab exira, but rather indicates that some unusual 
facility has been afforded, or some previously imposed restraint relaxed;. the coni- 
munication of new facilities and the withdrawal of former restraints being equiva¬ 
lent expressions. 

• The mere association, however, of developmental impulses and envelopmental 
restraints could never issue in any definite progressive results unless subjected to the 
determination of some controllmg mechanism of order, so that the regularity, 
definiteness, and consistency observable in oi^nic reactions and relations, testify to 
thesadditional existence and jurisdiction of a supplementary principle of co-ordinative 
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supervision. As oiaa T)y factitiously aTranging tlie means at_ liis disposal, in 
accordance with his needs and tastes, institutes^ systems of artiiicial co-ordination, 
so the spontaneous adjustment of organic activities in suhj ectioii to and conformity 
with prevailing correlated tendencies and rec[iureiiLents constitutes a system of 
natural co-ordination. ^ ^ . 

In the elaborate estiihlishment of specific organic products natural eo-ordinatwn 
performs the two distinct though complemental offices of directive and a selective 
function, the former determining each temporary step in the process, the latter 
deciding which, out of many possible courses, will he permanently or successively 
adopted. In a dependent evolving system, with abundant accommodationts, pro¬ 
visions, and protection, it might remain a matter of indifiereuce what number and 
hind of forms were produced, as aU would be alike preserved; each succeeding 
phase being simply a direct product of antecedent stages, without the intervention 
of any subsequent eliminating process. 

Here the principles of co-ordination could only have directive scope; but in 
a circumscribed station, with limited supplies and liability to invasion, as soon as 
the rate of production would exceed the means of support, co-oidination would 
assume a selective rule, submitting the various competitors for the different avail¬ 
able positions to prescribed tests, accepting such as would confoim with required 
standards, and rej ecting ail relatively unsuitable or incompetent ones. Organisation 
seems to have been planned and conducted according to some such method and 
design; its potentialities constituting an incalculable fund of transmutable and 
genetic material, affording tfae principle of co-ordination enormous resources where¬ 
on to operate, so as to render possible the realisation of results practically incon¬ 
ceivable. Such bein^, apparently, the simple natural means and methods 
employed in ekboratiDg- all the wonderfully complex and diversified products of 
organic evolution, the primordial germ or germs having riitually involved not only 
all past, present, and future developmental achievemeDts, but also a practically 
incite store of unrealised possibilities; the principle of co-ordination submitting 
originally indefinite potentialities to definite arrangements of facilities and restraints; 
thus directing the course of development into innumerable special channels, and 
from the multifarious types evolved selecting such as provisionally conform with 
their various conventional requirements; while the marvellous progi*ess revealed in 
the past history of these operations affords most encouraging assurance of incon¬ 
ceivably higher realisations in the future course towards the relatively approxim- 
able, though perhaps never absolutely attainable, state of ultimate universal 
perfection. 


Subsection of Physiology. 

1. 0th iJie OocLgulatmi of Blood, 

By Professor H. HiliETiN and W. H. Howell. 

The blood of the Slider Terrajjin, a turtle easily obtain able in Baltimore, had 
been used for a number of experiments, the object of wiich was to determine- 
whether the views entertained by Hammersten or by Schmidt were most reliable. 
The general conclusions went to show that the views of Hammersten were more in 
accordance with the results of these observers. 


2- On fJiB Biooil of Limulus Polyphemtis. By Peancis Gotch, B,8c,, 
and Joseph P. Laws, P.O.S. 

Compaaiatively few observations have previously been made on the blood of the 
Mng c^b {Zmiidm poiyphmius)^ the most important being those of Genth.^ The 
which his researches brought out—namely, that the blood contained a eom- 

* Genth, Amiidon der Chemie %nd 1 $i>2, p. 68. 
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parativelj large amoTiiit oi copper—is one of sufficient interest to warrant further 
investigation. 

In June last Professor Moseley Mndly placed at our disposal the Mood of a large 
number of these animals which"he had obtained alive tiom America, we were 
thus enabled to prociue sufficient material for analysis. 

Over two litres of blood were obtained from twenty animals, by making a 
small transverse incision at the joint between the cephalothorax and abdominal 
carapace j no distinction was made with regard to sex. The freshly drawn blood 
was an opaque-white liquid, which in a few seconds gelatinised, and soon 
assumed a more or less blue colour; the jelly subsequently contracted into a firm 
yellowish-w’hite clot, and squeezed out a lavge amoimt of a blue liquid. 

The blue liquid had a specific gravity of 1*040, was slightly alkaline, coagulated 
on boiling and on addition of alcohol, hut was not coagulated with ether; treated 
with strong acids or alkalies it coagulated m masse, the blue colour completely 
disappearing. After dilution, the addition of weak (1 per cent.) mineral acid to 
the blue liquid blanched without coagulating it. In some cases the blue colour 
returned on addition of ammonia. When the blue liquid was kept in a stoppered 
vessel for twenty-fom* hours it blanched; the blue colour immediately reappearing 
when it was shaken with air, to disappear on standing. 

In connection with this fact, it was of interest to observe the manner in which 
the blood assumed its blue colour when fireshly drawn. In order to observe this 
under the best possible conditions, blood was drawn from an animal with precau¬ 
tions wffiich, as far as possible, prevented access of air. A pipette containing oil 
was introduced into the incision and a small amount of blood carefully drawn into 
it, both ends of the pipette were then sealed; under these conditions the blood did 
not become blue. 

From a free incision a sudden rush of blood was allowed to fill two small 
beakers, one of which contained oil; in both cases a yellowdsh coagulum separated, 
floating in a tolerably clear liquid. The one with a surface layer of oil remained 
untinged, whereas the other assumed the blue colour which appeared first on the 
surface. 

Experiments were made with blood received under oil into closely stoppered 
bottles with similar results; in these cases the blue colour has never appeared. 
No satisfactory bianehing of the blue liquid was observed when a stream pf CO 2 
gas was passed through it. The colour, however, disappeai'ed on addition of 
ammonium sulphide, and returned for a short time again on shaking up the mixture 
with air. The passage of oxygen markedly intensified the blue colour; this was 
the case also with the Mue blood of the Octopus as shown by Fredericq.^ 

The following table shows the percentage composition of the ash of the blue 
liquid which may be advantageously compared with those of Genth. It may be 
observed with reference to these results that the determination of copper and iron 
was made in 13*57 grammes of ash, as compared with the 3*6 grammes employed 
by Genth:— 

GentJu j Present Amiysis. 


A B 

Sodium chloride » . 79*207 83*507 Sodium chloride.85*184 

Potassium chloride • 4*607 2*395 Potassium cHoride .... 2*707 

Magnesium chloride , 3*848 1*840 Magnesium chloride .... — 

Potassium sulphate * 3*264 1*686 Potassium sulphate. 0*694 

Calcium sulphate . . 2*169 3*470 Calcium sulpkate.3*986 

Calcium carbonate , 2*960 1*448 Calcium carbonate .... *276 

Phosphate of magnesia 1*709 0*444 Phosphate of magnesia . . . *236 

Magnesia. 1*959 6*128 Magnesia.6*457 

Oxide of iron . . , traces 0*081 Oxide of iron.* 0*029 

Oxide of copper . , 0*297 0*086 Oxide of copper.0*608 

100*000 100*084 99*976 


^ Pulletm de VAcademia Bflyala de Pelgifiw, 1878, p. 717. 
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The result of the analysis was to show that the ash of the ^ serum '(?) contained 
•608 oxide of copper. This is considerably in excess of the maximum found by 
Genth—Tiz., *338 per cent, in a duplicate determination of the copper in sample A. 
The method of estimating the copper, shortly stated, was as follows 600 c.c. serum 
were evaporated to dryness over the water-bath, the residue then incinerated and 
weighed, the resulting ash dissolved in hydrochloric acid with a slight addition of 
nitric; the copper then precipitated as sulphide by passing a stream of SHg gas 
through the liquid; the precipitate collected and washed with Slij water (due 
precaution being taken to prevent oxidation); fche filter-paper and sulphide were then 
transferred to a platinum capsule and burned; this ash redissolved in nitric acid 
and precipitated (this time as black oxide) by boiling with a slight excess of 
caustic potash, the precipitate collected, and washed, and burned as before, after 
moistening with nitric acid. 

As far as the salts are concerned the compo&ition of Limulus serum appears to 
be more like sea water than Mammalian serum; the latter contains about 28'5 
per cent, chlorine, with only a little more than ^ per cent, of magnesia, wdiereas 
the former contains about 65*25 pei cent. c.c. and 6*25 per cent, magnesia. 

Some interesting points remain to be noted with reference to the organic 
constituents of the blood; the coagulum obtained from the freshly dravm blood 
appears more albuminous than fibrinous ; the microscopic appearances presented 
during its formation were not characteristic of fibrine, and the fresh clot itself gave 
none of the recognised fibrine reactiors; the expressed blue liquid gave no preci¬ 
pitate with 10 per cent, chloride of sodium or saturated magnesium sulphate. A 
partial coagulum of pure white colour was obtained on boiling, the liquid still 
remaining Hue. Genth states that along with this coagulum the copper is preci¬ 
pitated ; we have not. however, verified this statement. 

In the case of the Octopus Fredericq concluded that the serum of the blood 
contained a body allied to the proteids which be called Hoemocyanin, and which, 
when acted on by acids, &c., splits up into an albuminoid substance containing no 
metal, and a substance containing copper. The Hood serum of Limulus probably 
contains a complex proteid body, closely allied to Htemocyanin. In order to 
preserve the serum for further investigation, thin films were dried on porcelain 
slabs at the temperature of the room, the dried films scraped ofi> powdered, and 
perfectly dried in a water-oven, A pei’-centage determination of the nitrogen in 
this dried substance gave 11*322 per cent. N., for the ash-free substance this 
would be equal to 16*459 per cent. 

We fully realise the incompleteness of our communication, but in consequence 
of the limited time at our disposal and the want of a supply of ^ fresh ^ material, 
we were unable to earr}* our investigation further; should au opportunity of con¬ 
tinuing it at any time present itself, we should endeavour, first, to separate the 
copper-containing pigment to which the blood of Limulus probably owes its 
peculiar properties; secondly, to determine more precisely its relations to oxygen; 
and thirdly, to analyse the liver and blood clot. 


8, Ofi Vaso^motor ITerves, By Professor H. P. Bowdxtoii. 

The author gave an account of some experiments he had been maldng to 
determine the need of vaso-motor nerves. He had employed an entirely new 
method, namely, the use of the plethysmograph. 


4. jDemmsirafion of the Go-orrUnating Centres of KronecJcer^ 
By T. Wesley Mills, M.A,^ MX. 


6. On the Gardiao Nerves of the Turtle. 

Bjf Professor Hcao Keoneokbs and, T. Weslet Muls, M.A., M.D. 
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branches connecting the ^^-mpathetic and raguS; but with anatomical relations 
varying not only in different species,* but in different specimens of the same species. 
The inffuence of these nerves over the heart has been described, 

(2.) Certain other nerves with peculiar functions in relation to the heart that 
cannot be readily summarised. 

(3.) They have also noted in the case of two species of land turtle that the ven^ 
superzores when isolated from the heart are pulsatile, and under the control of 
the vagm. 


6- On the Functions of the Marginal Convolution, 

By V. Horsley, M,B,^ B.Sc,^ and Professor E. A. Schafer, 

The object of experiments made by the authors was to ascertain the effect of 
stimulation of localised areas of the marginal convolution in the monkey, and their 
results filled up a gap in the well-known work of Perrier in that they were able to 
show that removal of certain areas, the excitation of which had previously caused 
movements of muscles of the trunk, &c., on both sides led to paralysis of muscles of 
the trunk of such a degree that the animal was unable to stand. By removal of 
the frontal lobes no paralysis of voluntary movements was obtained. These results 
were in opposition to those obtained by Munk, of Berlin. 


TUESDAY, SEPTEMBER % 

The following Papers and Report w^ere read;— 

1. On the Ova of Monotremes. By Professor H. 1^, Moseley, F.B.S. 

The President stated that he had a most important announcement to make. He 
had just received a cablegram from Sydney, from Professor Liversidge, announcing 
that Mr. Caldwell, the Balfour student, who was sent out to Australia to investigate 
the nyrsteries in connection with the mammals of that country, had discovered 
that the Monotremes were oviparous. He did not consider that a moi*e important 
telegram in a scientific sense had ever passed through the submarine cables before. 
The Monotremes formed two families characterised by the duck-billed Platypus and 
an animal which was known to the Australians as the ant-eater. These were the 
lowest forms of mammals, and it had never been known how they produced their 
young. The extraordinary discovery was now made that these mammals laid eggs, 
and that the development of these eggs bore a close resemblance to the development 
of the eggs of the Reptilia; proving that these animals were more closely connected 
with the Sauropsida than with the Amphibia. 

2. Report mi the Influence of Bodily Exercise on the Elimination of 
Nitrogen,See il^ports, p. 265. 


3. RemarTcs on the Caldwell Automatic Microtome, 


4. On Sensory JSferve-sacs in the Sldn of Amiurus {Siluridce), 

By Professor R. Ramsay Wright, Af-A., B.Sc, 

In his recent work, ^Ueher die Hautdecke und Hautsinnesorgane der Fische,’ 
Leydig refers to certain pores in the skin of Lotu which, although not situated in 
the course of the lateral line or in that of the' mucous ’ canals of the head, 

* See ‘ Proceedings of the Royal Society,’ No. 231,18S1-. 
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appareiatly “beloDg to sense-oigans referable to the same category, and are dit.- 
tiibuted widely O’ver the surface of the body. The histology of the portions of 
shin containing these is not described. Agam, in Esox^ similarly scattered sense- 
organs are met with which, however, Leydig consideis to be identical in atiuctuie 
with the beaker-shaped sense-organs or end-buds. 

In one of the commonest North Amencan silurids, Amiurm catiis, the skin is 
possessed of numerous small independent sense-organs, which unquestionably belong 
to the type of ^ Nervenhugel ’ (nerve-hillock), only they are neither so superhciai 
as the ' free ^ nerve-hillocks of other Teleosts, nor included in a groove or canal like 
the larger nerve-hillocks met with in the course of the lateral line, or in the canals 
of the head. These structures are small flask-shaped sacs, occupying the whole 
thickness of the epideimis, hut not affecting the corium. The superficial epithelium 
is continued into the mouth of the sac, which is lined by a cuticular border derived 
fiom it, except in the fundus, where a few conical sensoiy hair-cells are found. 
These are suiroimded by imbricated supporting cells, ‘Stutz^ellen,’which gradually 
pass into the abo\e-mentioned superficial epithelial cells. In the mode of their 
distribution on the head, as well as in their histological structure, these sense- 
organs recall the ^ iierve-tsacs’ of the ganoids, but, instead of being confined to the 
head, they extend over the whole trunk on the dorsal and central- as w^ell as on the 
lateral aspects. "Whether they ha\ e any segmental grouping like the large nerve- 
hdlocks in the lateral canals must be a matter for future investigation. 


5, Oil the Fiuidion of the Air-Madder and its relationship to the Auditory 

Organ in Amiunis. By Professor E. Eamsat Weight, M A., B,Sc, 

The anatomical features of the parts c^ceined have been alieady described in 
a preliminary communication to the ^ Jijologischer Anzeigei,^ No. 162. The 
functions of the air-bladder in the light £ Moieau’s researches were alluded to., 
and it was suggested that the alterations (ppressure incident to change of level in 
water are communicated to the hiain tirough the auditory nerve. Professor 
Wright supposes that the air-bladder is alio sensitive to sound-waves, and that the 
same channel of communication with the au^toxy apparatus serves for the trans¬ 
mission of vibrations to the endolymph. In confirmation of the latter view 
Professor Haddon referred to the more specialised conditions in some tropical 
siluioids, and to the stridulating apparatus described by bim in some of these. 


6. On the Jessop OoUection^ to ilhi$imie the Eorestry of the United States, 
in the New York Natural Kistonf By AIiBEET S. Bickmobe. 

The great importance of the forest industries and lumber trade of the United 
States led General Walker, the Superintendent of the Tenth Census, to provide fur 
a corps of competent experts, under the direction of Professor Charles S. Sargent^ 
who hpe made new explomtiona of our forest lands, and gathered original data 
regarding^ their present extent. The results 'Of these elaborate researches ha\e 
b^n partially published from time to time in the form of bulletins, and the com¬ 
pleted work will soon appear in two large quarto volumes of the census series. To 
place this great fund ot valuable information before the artisan and labouring 
classes in an accessible form, a great collection of our forestry and its products was 
needed, and this ^Ir. Morris K. Jessop offered to provide at his own expense. 
.A^r the^ field work planned by the census had been finished, Professor Sargent 
directed his asmstants to return to the forests, and to carefully select the individually 
largest and soundest tree of each species. Professor Sargent is preparing a manual 
wfil be a guide to the collection, and which contains all the most important 
^ifornaationin the large census volume that will be useful to the visitors and to the 
ctesses,^ ^e museum is most fortunate in its location in Central Park, 
uimoC naidve and domesticated species are ffomishing than can be seen 
at any other place on the continent. This is the first cdbrt yet made in 
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this country to gather the native woods together into one collection on a scale 
commensurate with the extent of the new continent and the importance of its 
forests. 


7. On the Strnciicre and Development ofLoxosoma. 

By Sidney P. Haemer, B,8c. 

The nervous and excretory systems of the adult were investigated specially m 
Z, a-assieauda, in the living condition or by means of glycerine preparations. 

1. The ganglion j situated between mouth and anus, has been freq^uently figured 
in previous papers on Loxosmna^ but has hitherto invariably been -wrongly 
identified as some part of the generative system. It is a dumb-bell shaped organ,, 
developed in the bud ii*om ectoderm, and giving oif at its two ends nerves to the 
tentacles and other parts of the body. The ectoderm contains numerous sense-cells^ 
bearing one or more long stiff tactile hairs projecting into the water. Each sense¬ 
cell is directly connected with the nervous system by means of a single fine nerve 
fibi’il, swelling into a bipolar ganglion cell at some part of its course. 

2. The excretory system consists of a pair of fine tubes, ciliated internally, and 
composed of a small number of large perforated cells, the proximal ceil being in all 
probability a fiame-eell. There is no ciliated funnel, the excretory organ ending 
blindly near the ventral wall of the stomach. Each tube opens independently into 
the vestibule, between mouth and anus. The nephridia of Loxoscma thus differ 
markedly in structure from those of Braehiopoda or Pboronis, but resemble in 
a striking manner the head kidney of Annelid larvse, as well as the permanent 
nephridia of Rotifers and Platyhelminths. 

3. The development of Zoxomna has been studied by means of sections in a 
species, probably hitherto undescribed, occurring cn Leptodimmi in the Gulf of 
Na^es. 

The ' dorsal organ' is not developed from hypoblast cells, as stated by Hatschek 
in Pedieellma (' Zeitschr. f. wiss. Zool./ Bd. xxix. 1877,8.602), but, on the contrary,, 
entirely jfiom the epiblast. An epiblastic invagination is formed, but soon loses its 
lumen, then appearing as a solid crescent-shaped mass of cells, applied to whose 
deeper surface is a conspicuous mass of fibrous tissue. The ‘dors^ organ ’ bears 
two large eyes, and is in all probability the brain or enpra-cssopkageal gtmgUmh of 
the larva. The permanent ganglion of the adult is hence infra-oesophageal, and the 
line between mouth and anus is ventral. 

The ^ dorsal organ ’ takes no part in the budding of the larva, which after a free 
life of some hours may he seen to have developed a pair of lateral buds, one on 
each side of the *■ dorsal organ,’ but at a level intermediate between this structure- 
and the ciliated ring. The alimentary canal appears to atrophy during the budding,, 
and it is hence probable that the larva dies after the production of two or more 
buds. It is doubtful whether the larva ever permanently fixes itself, or whether 
the budding takes place normally during the mee life of the larva. 

4. The Entoproctons Polyzoa conform perfectly in structure to the Troehmphmr& 

type. This view is much strengthened by the study of their excretory organs. The 
results of the present investigation seem to show that the Polyzoa have their 
nearest adult allies in the Motif era, whilst they have but little in common with 
Braehiopoda or Bkoronis^ , _ 

8. On Anatomical Yarmiions: (1.) Par-occipital Process occurring in Man* 

(2.) Secotidary Astragalus. (3.) Persistence of the Zeft Duct of Cuvier 

, in Man. By Professor Shefhebp, M.D. 

^ 1. Par^ocdpital Z^*oem in Mm. —^The skull of an Irish navvy, aged about 
thirty years, was exhibited, in which there was a well-marked par-occipital process* 
Left jugular process of ocdpital bone, prolonged downwards to articulate with 
the transverse process of atlas, length, 2 c,in.'; mameter, 1 e.m. In the same skufij^ 
on same side, the styloid hyoid liganaent was ossified and articulated with the hyoid 
hone—length, 6*2 c.m,; diameter, 3 c,m. 
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2. Secondary Astragalus ,—cases were sliown in wLicli ilie small process 
overhanging the os calcis and e\temal to the groove for the flexor longus pollicis 
tendon was separate from the a&tragalus. In all three cases these ossicles were 
connected with the posterior fasciculus of the external lateral ligament of the 
ankle-joint. 

Z. Bmhle Superior Vena Three examples of this anomaly were exhibited. 

Two occurred in females, one in a male. The transverse innommate vein in all the 
ca^e^ was of small size, and the left cava (persistent left duct of Cuvier) was 
continuous with the coronary sinus. 


0. On the Presence of Eyes and other Seyise Organs in the Shells of the 
Chitonidce. By Professor H. N. Moseley, LL.1).j F.E.S* 

The Chitonidae have hitherto been regaided as characterised by an entire 
absence of organs of vision, the presence of eyes in the shells of numerous genera 
iiavbg been entirely overlooked by natiiialists. The author first discovered the 
eyes in a specimen of Schizochiton inrisus dredged by Captain Ohimmo, E.N., in 
the Suki 8 ea, m which species they are larger and more conspicuous than else- 
wheie, and on examining carefully the shells of certain other forms found eyes 
present there also. The eyes are entirely confined to the shells, and to the exposed 
parts of these the ^tegmenta,’not occurring at all on the ^articulamenta.^ They 
never occur on the girdle or zone or any other part of the mantle. They appear as 
brioht, highly refracting convex beads on the shell surfaces, encircled by zones of 
dark pigment formed by the pigment layers. The eyes are usually circular in out¬ 
line and very minute, measuring in Schizochiton incisus about of an inch in 
diameter, in AcanthopUura spiniger of an inch, and in Coreplmm acuteatum, 
in which they are oval in outline, of an inch by about 5 ^. 

In the case of all the intermeaiate shells, the eyes are confined to the are© 
hterales, or to the lines of demarcation between the are© laterales and the area 
centralis, which latter is usually entirely devoid of them. 

In some genera of Chitonid©, such as Acantbopleura and Oorepliium, the eyes 
appear to be often destroyed and obliterated in the older regions of the shells by 
decav and delamination of the tegmental surface, or its destruction by boring alg© 
<vr animals. They are, however, constantly re-formed by the mantle*in the process 
of growth of the shell at the growing margin of the tegmentum, and may be 
observed in this situation in all ataires of construction. 

In other genera, such as Tonicia, the eyes lie in shallow pits of the shell surfaces 
and thus escape destruction by wear, nearly the entire number which have been 
formed beimr thus found present iu fully grown shells. The tubercles and pro¬ 
minences by which the tegmenta are covered in some forms serve perhaps as pro¬ 
tection to the eves from attrition. 

The entire substance of the tegmentum in the Chitonid© is traversed by a series 
of branching canals, which are occupied in the living animal by corresponding 
ramifications of soft tissue* and nerves. The strands of soft tissue are continuous 
with the tissues of the mantle along the line of junction of the margin of the 
tegmentum with the upper surface of the articulamentum, by means of a series of 
tubular perforations in the shell substance. Further, in the intemiediate shells of 
most genei^, there are a pair of lateral slit* {incisun^ laterales)f one on either side, 
in each shell in the lateral lamin© of insertion; these slits lead each to a narrow 
tract in the deep substance of the shell which follows the line of separation between 
the area centralis and area lateralis. This tract is permeated by longitudinal canals, 
into which open a series of fine apertures on the under surface of the shell. By 
these apertures numerous nerves enter the tract from the bed of the shell, and 
^vereing the longitudinal canals give off a series of lateral branches on either side 
froa. it to the network wit bin the tegmentum. In the cases of the anterior and 
shells there are usually a considerable number of slits present in the 
pf insertion, each connected with a similar nerve-supply to the tes!- 
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Tlie network terminates at the surface of the tegmentum all over in a series of 
elongate cylindrical organs of touch (J megalsesthetes'), the plug-like ends of which 
are somewhat dice-box shaped^ and can be protruded beyond the level of the 
tegmental surface from a series of pores megalopores ') by which this surface is 
covered. These larger organs of touch give olf from their sides fine branches of 
soft tissue, which pass vertically to the surface of the tegmentum and terminate 
there in minute plug-hke organs, like the laiger ones but much smaller (^micrses- 
thetes *), and which are protrusible from a series of smaller pores {f micropores") in 
the shell substance. These megalcesthetes and micrsesthetes and their correspond¬ 
ing pores are disposed on the surface of the tegmentum with more or less exact 
regularity in difierent genera of Chitonidse, in many cases in very definite lines and 
patterns. 

The eyes are connected wdth the same network of soft tissue as the touch- 
organs, and are apparently to he regarded as having arisen in development as special 
modifications of them, the soft structures of each eye lie in a more or less pear- 
shaped chamber excavated in the substance of the tegmentum. The stalk of the 
pear, which forms the canal for the passage of the optic nerve, is directed always 
towards the full margin of the tegmentum, and here its wall is pierced by a circular 
aperture which is covered hy the cornea. The cornea is calcareous, resisting the 
action of strong boiling caustic alkalis, but collapsing at once when treated with 
acids. In sections it is seen to he composed of a series of concentric lamelise. Its 
substance is continuous with the general calcareous substance of the tegmentum at 
its margins. 

The pear-shaped cavity of the eye formed by the shell substance is lined 
by a dark-brown mgmented membrane, of a stiff and apparently somewhat, 
chitinous texture. This membrane exactly follows the shape of the cavity, but by 
projecting inwards beyond the mar^n at the cornea all round, forms an" iris of a 
less diameter than the latter. A perfectly hyaline, strongly biconvex lens is placed 
behind the iris aperture. It is composed of soft tissue, and dissolves in strong acetic 
acid. The optic nerve at some distance from the retina is a compact strand, but 
before reaching the latter has its numerous fine fibres separated and loose. The 
retina is composed of a single layer of rather short but extremely distinct nucleated 
rods of roughly hexagonal section, with their free ends presented to the light. Im¬ 
mediately behind them is a dense mass of nerve fibres with numerous nuclei and 
nerve cells interspersed. The retina is on the type of that of Helix, and not, as* 
might have been supposed, on that of the dorsal eyes of Onchidium. 

A large part of the peripheral fibres of the optic nerve do not pass to tbe retina^ 
but pass outside the eye chamber by a series of apertures in tbe choroid round the 
iris margin, and end at the shell surface in a zone of micraesthetes encircling the eye. 
The micrsBsthetes are identical in stimcture with the smaller touch organs ali-eady 
described as appended to offsets of tbe megalsesthetes all over the shell. In giving 
off nerves to a series of such small organs, the eye thus corresponds exactly in 
structure to the megalsesthetes, and its homogeny with them is thereby clearly 
indicated. The an-angement of the eyes varies much in the different genera. 

In Schtzochiton ineims the eyes are restricted to single rows traversing the lines 
separating the lateral areas from the areas centrales, and corresponding in position 
with the incisures laterales and courses of the principal nerves. There are six rows of 
eyes, with six marginal slits on the anterior shell and six on the posterior, and a 
single pair on each of the intermediate^ shells, twenty-four rows in all, with an 
average of about fifteen eyes in each, or in all 360 eyes. 

In Acantho^mra ^iniger the eyes are frregularly scattered around the bases 
of the tubercles with which the surface of the tegmentum is covered, and are confined 
in the specimens examined to the region of the margins of the shells adjoining the 
mantle. The surface of the older regions of the tegmentum seems in this species 
especially liable to Sake off, carrying the eyes with it, and it will probably be found 
when series of examples of various eyes are examined that the eyes are originally 
more widely extendi over the shell surfaces. In Corephium aouUatim the eyes 
are very small, with corneas oval in outline, the long axis of the oval being directed 
verti( 2 ally to the shell margin. They are never placed on the tubercles, with rowa 
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of wMch the shell surface is covered, but between the bases of these. The megalo- 
pores and micropoies lodging the organs of touch are arranged in vertical ijarallel 
lines with <yreat legularity, the large pores occurring at intervals in the lines of 
smaller pores The eves are present m enormous numbers, the anterior shell alone 
hearing more than 3,000, and the entire eight shells more than 11,500, 

In Tonicia marmorata the eyes are arranged in single straight ra(hating rows, 
on the anterior and posterior shell. On each lateral area of the intermediate 
shells there are from two to four similar rows of eyes. In Onithochiton the eyes 
are disposed somewhat similaily. 

In the genuto Chiton, eyes appear to be entirely absent, though the touch organ 
of two sizes and corresponding poies are present. In Molpalia, Maugina, Lorica, 
and Ischnochiton, I have as yet detected no eyes. In ChitoneUus there are no 
eves, and the supply of touch organs is scanty and confined to the margins of the 
tegmenta. 

The arrangement and structure of the eyes and organs of touch will probably 
be of great value in the classification of the Ohitonidse, which has hitherto proved 
so difiacult a problem. 

jSo traces of any structures resembling the eyes and touch organs of the Chito- 
ridae can he detected in the shells of Patella or allied genera. The tegmentary 
part of the shells of this group appears to be something sui generis, entirely unre¬ 
presented in other Mollusea. Its principal function seems to he to act as a secure 
protection to a most extensive and complicated sensory apparatus which in the 
Chitonidffi takes the place of the ordinary organs of vision and touch present in other 
odontophora, and foHy accounts physiologically for the absence of these latter in 
them. 

Dr. W. B, C’arpenter observed the perforate structure of the tegmentum in 
Chiton, though he did not examine the nature of the contained soft network. The 
late Br. Gray, in his well-known paper on the structure of Chitons, recognised the 
fact that the tegmentum in the Ohitonidse is aomQthmg peciiliar to the shells of this 
family. 

since the above was writren, the author had his attention drawn to a memoir 
bv Dr. "VV, 3IarshaiI. in which the tubulate structure of the tegmentum of the shells 
of Chitonidie is dejscribed, and to papers by J, F. Van Bemmelen, in which the 
papilliform bofiies which occupy these in Chiton marginatus are described and 
figured. The«e memoirt? are referred to fully in an extended and illustrated memoir 
on the present subject, published in the ‘Quarterly Journal of Microscopical 
Science/ for January The eyes appear to have entirely escaped the obser¬ 

vation of naturalists hitherto. 


10. Oa the 8ti ucfure and Arrangement of the Feathers in the Dodo, 

Bij Professor H. IST. Moseley, LL,D*, F,E,S. 

Profe&sor Moseley to observation'^ were made on the onlyexisring specimen of 
the sMn of the biid, namely, that covering the head belonging to the Oxford 
University Museum. Tlie feathers differ from those in all other birds in being 
arranged m gionp^ of three. This peculiarity is shown in the weH-known old oil 
pmnfeg<? of the Dodo. The homologues of the lateral feathers in each group of 
iliree are to be sought in the two minute filo-pliimes which spring from the sheath 
of each feather at its base, one on either side in modern pigeons. An illu&trat^ 
paper on this subject will be communicated to the Zoological Society in the spring 
of 38b5, 


11, Oil the Presence the Enteropneusta of a structure comparable with 
the Nutoehord of the Chordata. Bij Wijuluh Bateson. 

12» A Cmtribution to our Knowledge of the Phytopti, 

Bg Professor P, McMtjeeick. 
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13. On the Blatomaceous remains in ilie Lahe Deposits of Nova Sootia. 
Ihj A. H. I^Iackay. 


Subsection or Physiology. 

1. On the Demonstration of an Apparatus for Becording Changes of Yolmie. 
By Professor E. A Schafer, F,B.8^ 


2. Bemarlcs on the Prohlem of Aquatie Breathing. 
By Professor McKendrick, ill.D., F.B.8. 


8. On the Biliary Concretions; demonstrating a Uniformity in the Construe- 
Hon of Concretions in the Animal, Vegetable, and Mineral Kingdoms. 
By Dr. G. Harley, FB.8. 

4. On Hie Secretion of Omlio Acid in the Dog. 

By T. Wesley Mills, M.A., MJ>. 

Thib paper describes the results of a diet of (1) Flesh, (2) Flesh and fat, and 
(3) of Flesh and carbohydrates, on the secretion of oxalic acid in the dog. It 
consists of (1^ A comparative examination of the different methods in vogue for 
the quantitathe determination of oxalic acid in the urine of man, and shows that 
Sclniltzen s method is the best; (2) The perfecting of a method for the determi¬ 
nation of oxalic acid in dog^s urine; (3) An application of this method to the 
problem proposed in the heading of this paper. 

A dog was kept under constant observation, punctually fed daily, the urine 
removed, its quantity, reaction, specific gravity, &c., determined, diluted to a 
definite volume, filtered, and its nitrogen and oxalic acid determined. A 
complete tabular statement of tbe lesults was given. The principal conclusions are 
as follows:— 

(1.) Under all three diets given oxalic acid was daily found in the urine in 
determinable quantity. 

(2.) The average for seven days’ flesh diet was *0113 gramme. It will he seen 
that this was larger than by either of the other diets, and the strong acid reaction 
of the mine throughout points to the flesh diet as a cause of the same. 

(3.) The average under diet (2) for five days, *0055 gramme, denotes a decided 
ftiUmg off under the substitution of fat for flesh. 

(4.) The average under diet (3) for seven days is *0033 gramme, and shows that 
carbohydrates do not increase the secretion of oxalic acid, but the contrary. 

The animal was throughout kept in nitrogenous equilibrium. 


5. On the Mechanism of Absorption. By Professor E. A. Schafer, F.B.S. 

It has hitherto been almost universally held that the mechanism of absorption 
of alimentary substances from the intekinal tract is strictly analogous to the 
passage of fluids throt^h moist animal membranes, and it has been considered a 
sufficient explanation ot the process to assert this belief, and thus to account for 
the passage of the comparatively diffusible peptones, sugars, salts, and water, into 
the albuminous fluids which occupy the blood-vessels and lymphatics. 

But there are many objections to regarding absorption as a mere example of 
physical osmosis. For the difference in the osmotic equivalents of the digested 
tood materials and of the blood or lymph is comparatively small, and quite in- 
sufficieut to account for the rapidity with which absorption may occur. Moreover, 
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•when the mueona membrane has "become thinner O'ning to loss of the hnmg 
epltlieliuni in dise^is© (as in cholera), although the conditions are thereby rendered 
more favourable for the osmotic process, absorption from the interior of the 
intestine is either much diminished, or the flow is entirely in the opposite direction, 
and this in spite of the fact that the blood and lymph are^ of more than norma^^ 
density. And, further, the osmotic theory has ahva} s failed to account for th(^ 
absorption of substances such as fat, which, although finely subdivided, are no,g 
hroughi into solution by the action of the digestive juices.^ In consequence of Ihi 
the ab"- ji*ption of fat has always been treated of as a subject quite distinct fron^ 
that of absorption of other nutrithe matters, and has been explained by entirely 
different theories. Finally, no attempt has been made to explain how and where 
the peptones which are formed in the alimentaiy canal are transformed into the 
proteids of the blood and lymph, although it is well inown that these fluids contain 
no peptones, so that the transformation must have occurred in the passage from 
the intestine into them. 

I shall endeavour to show that the process of absorption from the intestine is 
in all cases the same, and i« not in all piobahility a mere process of osmosis, but 
that it is effected by and through the activity of protoplasm. If this is really the 
case, the phenomena of intestinal absorption in the higher animals will be brought 
into cbse equivalence with the proce«5ses of absorption and assimilation which 
occur in the simple Protozoa, with those of intercellular digestion which have been 
observed in many of the lower Metazoa, and with processes of physiological and 
pathological absorption of tissues which occur in higher animals. 

In studying the phases of absorption it is convenient to employ fats as a part 
at least of the diet, because of their property of becoming stained darkly by 
osmic acid. In most of my experiments therefore the animal has been fed, a 
certain time before being killed, with food containing fat, and immediately after 
death minute portions of the mucous membrane of the small intestine have been 
placed in < smic acid or in a mixture of chromic and osmic acid. These fluids 
instantly fix the tis^^ues, and stain the fat globules in them. 

I have always found at a certain period after ingestion of food, the period 
varyinsi in different animals and in different portions of the small intestine, fat in 
gi-eat abundance in the columnar epithelium cells. The fact of its occuiTence in 
them is so well known and so easy to circumstantiate that one is surprised to find 
it ignored by some eminent histologists. The fat globules occur first of all in the 
part of the protoplasm nearest the cuticular surface of the cell; later they are 
found also on the other side of the nucleus, and here most generally in a more 
finely divided condition. Examined still later, fat globules, generally very fine, 
are seen in large numbers in the leucocytes which are so abundant in the retiform 
tissue of the villi and mucous membrane generally, and which extend also between 
the epithelium cells. And, finally, the lacteal in the centre of each villus is found 
to contain similar fine fatty globules in large amount. I have not been able to 
find any evidence, either in teased preparations or in sections, of the presence of 
fat in the network of the retiform tissue, hut only in the epithelium cells, the 
leucoc 3 rtes, and the central lacteal. 

So far the facts which I have here mentioned are not new, for they w’ere 
announced already in the 8th edition of Quain’s ^ Anatomy,’ and in my ^Course of 
Practical Histologypublished in 1876. And the conclusion which I was led to 
draw from them, and which seems to me to he inevitable, is that in the ahsoimtion 
of fat, the finely divided fat particles are taken up from the intestinal contents by 
the columnar epithelium cells, are by them passed on to the leucocytes which have 
wandered between those cells, and are by tbe leucocytes carried, by virtue of their 
amoeboid movements, to the central lacteal, where the cargo of absorbed fat is 
discharged. I was nnable at the time to determine how this discharge of the fat 
pa^cles IS eflected, nor whether the same leucocytes may pass back again to the 
epithelium, and serve to carry a fresh caigo. 

More recently, however, m continuing these and other researches bearing upon 

fanctaons and properties of the white Mood corpuscles and similar cells, I 
have OOTO hmm another fact which fully elucidates this problem, and which 
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sliows, moreover, that this carrying of M by the leucocytes of the intestinal mucous 
membrane is incidental merely to a much more general function which they 
.-subserve in the process of assimilation and absorption. For it appears, from an 
examination of osmic preparations like those above mentioned, that the, lemoeytes 
find their way in large numhei's into the commencements of the lactecdsj and there 
become dissolved and completely disintegrated, so that the proteids which constitute 
their protoplasm come into solution in the l 3 Tnph or chyle, and the fatty and 
other particles which they may contain are also set free. This immigration of the 
leucocytes into the lacteals during absorption of food, and their subsequent dis¬ 
integration in the lymph, is quite independent of the nature of the food, for it is 
seen just as abundantly with a bread diet as with a fatty diet. It is reasonable, 
therefore, to infer that the process of absorption is in all cases the same whatever- 
the nature of the food, and consists essentially in a selection by the columnar 
-epithelium cells of the materials to be absorbed from the intestine, the passage of 
these to the leucocytes, the carrying of them by the leucocytes into the lacteals, 
and the disintegration and solution of the greater number oi the thus immigrated 
leucocytes in the chyle or lymph. It is also very probable that during the sojourn 
of the absorbed products of digestion in the columnar epithelium and in the 
leucocytes changes of a chemical nature may occur in them, e.g., that the peptones 
which are absorbed may become changed again before reaching the lacteals into 
ordinary proteids. In this way the cells in question may be regarded as fulfiiiing 
Important functions not only of absorption but also of asmmilation. 

It is obvious that the facts above mentioned do not by any means exclude the 
possibility of a direct passage of the more diffusible fluid substances into the blood¬ 
vessels and lacteals. 


S, On a Method of studying the behaviour of the Germs of Septic Organisms 
mider Changes of Temperature, By the Rey. Dr. Ballinger, F.E.S, ^ 

’The author described a new apparatus invented for this purpose. 


7. On a YegeiaUe Organism which separates Sulphur, By A. W. Bennett, 

The author gave a description of Beggiatoa alba, an organism found in the 
^efflu-ellt water from sewage-works, known as the ^ sewage-fungus,^ which has the 
property <jf separating sulphur out of the organic matter in the water, or in 
the salt used in.precipitating the sewage, in the form of minute sharply refringent 
globules. 

& On the Physiology of Therapeutics of the Ohloral Hydrate and Anaesthetics 
generally. By Dr. W. Alexander, 


'9. On the Growth of Children. By Dr. 0. S. Minot. 


10. On the Proteids of Serum, By W, B. Halliburton and 
Professor E. A. Schafer, F.B.8. 


11. On the Climate of Canada and its relations to Idfe and Health, 
By Dr. W. H. Hingston, 


12. On the Production and Propagaimi of the American Trotter and Classic 
fication of the Spermatozoa and Ova. By Dr. W. MgMonagh. 

There has been originated by the breeders , of America a new type of borse, 
capable of a high rate of speed, ^The American Trotter-Pacer/with instincts, here- 
1884. 3 E 
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dity^ and lialits of locomotion peculiar to itself, being so self-persistent as to be 
convejed from parents to their progeny Trith such certainty that the trotter in the 
near mtiire % 7 ill become thoroughbred, with the capability of propagating its own 
Mnd continuously and uniformly. 

The result of the author’s investigations leads to the conclusion that the consinn- 
mation of this type and new production results from the utilisation and union 
of the sperm and germ cells of the pure-bred English runner with the geirn and 
sperm potency of the native American horse, and that within the last mty years 
this high rate of trotting and pacing speed has been produced progressively and 
gradually fr:om a locomotion capable of covering a mile in three minutes, to an 
increase of speed to the mile of two minutes and nine and three-quarter seconds^ 
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Section B.—GrEOGBAPHT. 

Pjresibent or t-ftr Section— General Sir J. H. Lepeoy, C.B,, K.C.M.G., L.L.D., 
F.E.S., F.S.A., Vice-Pres. E.G.S. 


TRUJtSBAY, AUGUSTIN. 

Tlie Peesident delivered the following Address:— 

CoNNECTEB as I was in early life with this counti'y, and for several years associated 
with one of its scientific institutions and one of its scientific societies, I cannot but feel 
proud and gratified to be honoured at this late day, and on so memorable an occasion, 
with the Presidency of this Section, I will not ask your indulgence for any weakness 
you may observe in my discharge of its obligations, nor will I plead what, however, 
I feel very strongly, that the lapse of thirty years since I last had the honour to 
address an audience in Canada, has not been wholly advantageous to my position. 
I may, however, make one observation. It is that, whereas the short interval 
elapsed since the delivery of an exhaustive summary of Geographical Progress by 
the President of the Boyal Geographical Society makes it at all times difficult for 
the President of this Section to find fresh topics, I have been made more than 
usually conscious of that disadvantage by having to close the present address some 
weeks earlier than would he necessary at a meeting held in Great Britain. 

2. Man’s acquaintance with the planet he inhabits, with, the earth which he is 
to replenish and to subdue, has been a thing of growth so slow, and is yet so 
imperfect, that we may look to a far distant day for an approach to a full 
knowledge of the marvels it offers, and the provision it contains for Ms well- 
being. He has seen, as we now generally believe, in silent operation, the balanced 
forces which have replaced the glacier by the forest and the field; which have 
carved out om* present delights of hill and dale in many lands, and clothed them with 
beauty; and it may be that changes as great will pass over the face of the earth 
before the last page of its history is written in the books of eternity. But it is no 
longer before unobservant eyes that the procession of ages passes. Geography re¬ 
cords the onward march of human families, often by names which survive them; it 
rears enduring monuments to great discoverers, leaders, andsufierers; it is an indis¬ 
pensable minister to our every-day wants and inquiries; but beyond this it satisfies 
one of the most widely diffused and instinctive cravings of the human intelligence, 
one which from childhood to matmdty, from maturity to old age, invests books of 
travels with an interest belonging to no other class of literature. If * the proper 
study of mankind is man,’ where else can we learn so muck about him, or be 
presented with such perplexing problems, such diversity in unity, such almost 
incredible contrasts in the uses of that noble reason, that Godlike apprehension, 
which our great poet attributes to him; or see the ‘beauty of the world, the 
paragon of animals,’ ^ in conditions so unlike his birtlirlgkt. Geography, then, is 
far from being justly regarded as a dry record of details which we scarcely cafe to 
know, and of statistics which are often out of date. 

3. It is scarcely necessary to do more than allude here to the intimate relations 
between geography and geology. The changes on the earth’s surface effected 
within historical times by the operation of geological clauses, and enumerated in 
geological books, are far more numerous and generally distributed than most 

i persons are aware of; and they are by no means confined to sea coasts, although 
^ the presence of a natural datum in the level of the sea makes them more observed 

^ Ramletn Act ii. sc, 2. 

rs ^ n 

c,* V, J* 
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there. ^ A recent German writer. Dr, has enumerated ninety-six more or less 
extensiTe tracts hnown lo he rising or sinking. We owe to Mr. K. A. Peacock the 
accumulation of abundant evidence that the island of Jersey had no existence in 
Ptolemy’s time, and probably was not wholly cat off from the continent before the 
fourth or fifth century. Mr. A. Howarth has collected sinodlar proofs as to the < 
^ctie regions; and every fresh discovery adds to the number. Thus the gallant, * 
ill-fated De Long, a name not to be mentioned without homage to heroic com’age and 
almost superhuman endurance, found evidence that Bennett Island has risen a 
hundred feet in quite recent times, Nordenskiold found the remains of whaleij, 
evidently killed by the early Dutch fishers, on elevated teiraces of Martin’s Island. 
The recent conclusion of Professor Hull, that the land between Suez and the Bitter 
Lakes has risen since the Exodus, throws fresh light on the Mosaic account of thatj, 
peat event; and to go still further south, we leain from the Indian survey that it ^ 
is ^ almost certain ’ that the mean sea level at Madras is a foot lower, i.e., the land 
a foot higher, than it was sixty years ago. If I do not refer to the changes on the 
west side of Hudson’s Bay, for a distance of at least six hundred miles, it is only 
because I presume that the researches of Dr. Eobert Bell are too well known here 
to require it. Any of my hearers who may have visited Bermuda are aware that 
so gently has that island subsided, that great hangings of stalactite, unbroken, may ^ 
be found dipping many feet into the sea, or at all events, into salt-water poo ^ 
standing at the same level, and we have no reason to suppose the sinking to hay 
come to an end. We learn from the Chinese annals that the so-called Hot Lak 
Is^k-kul, of Turkistan, was formed by some convulsion of nature about 160 years 
ago,* and there seems no good re'^son to reject the Japanese legend that Fusiyama 
itself was suddenly thrown up in the third century before our era (b.o. 286). 
These are but illustrations of the assertion I began with, that geography and 
geology pe very nearly connected, and it would be equally easy to show on how 
many points we touch the domain of botany and natural history. The flight of 
birds has often guided navigators to undiscovered lands. Nordenskiold went so far 
as to infer the existence of ‘vast tracts, with h%h mountains, with valleys filled , 
with glaciers, and with precipitous peaks’ between Wrangel Land and the 
American shpes of the Polar Sea, from no other sign than the multitudes of birds 
winging their way northward in the spring of 1879, from the ^ Vega’s ’ winter 
quarters. The walrus hunters of Spitsbergen drew the same conclusion m a 
previous voyage from the flight of birds towards the Pole from the European side. 
Oertainly no traveller in the more northern latitudes of this continent in the 
autUM can fail to reflect on the ceaseless circulation of the tide of life in the 
watEim harmony of nature, when he finds that he can scarcely raise his eyes from 
iim book at any moment, or direct them to any quarter of the heavens, without 
^ing countless numbers of wild fowl, guided by unerring instinct, directing their 
timely flight towards the ndlder climates of the South. 

4. To add^ss you on the subject of geography, and omit mention of the pro¬ 
cess made mtMn these very few years m our knowledge of the geography of thia 

unaccountable, if not an unpardonable oversight; 
nevemei^^ I propose to touch upon it hut briefly, for two reasons: first, I said 
r ^ ^ ®^ar occasion four years ago 5 secondly and 

ctueny, because I hope that some of those adventurous and scientific travellers who 
uave be^ ei^a^d. in pushing the explorations of the Geological Survey and of the 
Oanada Pacific toilway into unknown regions, will have reserved some communi- 
catipns for this Section. I cannot, however, refrain from alluding to that remark- 
Ti? AT communicated to the Geographical Society of Quebec by 

M, A. uomeau, of which we shall, I hope, hear jMer particulars from Pro- 
A^ the extent and importance of Lake Mistassini, That it 
day to discover in no veiy remote part of Idle north-east a 
iftJse m^ng Lake Ontario, if not Lake Superior, in magnitude, is a jfieasanfc ex- 
surprises geography has in store for its votaries. Canada comprises 
igro ilte ixtmts spots of a phyacal interest notsurpassed by any others on the 
X mmxi the pole of vertical magnetic attracfron, commonly called the mag- 

* iVoo. S. vol xviii, p, 250* 
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netic pole, and tine focus of greatest magnetic force; also often, but incorrectly, 
called a pole. The first of these, discovered by Boss in 1835, was revisited in May 
1847 by officers of the Franklin Expedition, whose observations have perished, and 
was again reached,or very nearly so,by McClintock in 1859, and bySchwatkainl879; 
the latter of these explorers, however, was not equipped for observation. The utmost 
interest attaches to the question whether the magnetic pole has shifted its position in 
fifty years, and although I am far from rating the difficulty lightly, it is probably 
approachable overland, without the great cost of an Arctic expedition. The second 
has never been visited at all, although Dr. B. Bell, in his exploration of Lake 
Nipigon, was withm 200 miles of it, and the distance|is about the same from the Bat 
Portage. It is in the neighbourhood of Cat Lake. Here then we have objects 
worthy of a scientific ambition and of the energies of this young country, but 
requiring liberal expenditure and well-planned efibrts, continued steadily, at 
least in the case of the first, for, perhaps, three or four years. Of objects more 
exclusively geographical, to which it may he hoped that this meeting may give 
a stimulus, I am inclined to give a prominent place to the exploration of that 
immense tract of seventy or eighty thousand square miles, lying east of the 
Athabasca Biver, which is still nearly a blank on our maps, and in connection 
with such future exploration, I cannot omit to mention that monument of 
philological research, the Dictionaiy of the Languages of the native Ohipewyans, 
Hare Indians, and Loucheux, lately published by the Bev. E. Petitot. The 
lexicon is preceded by an introduction giving the result of many years* study 
among these people of the legends or traditions by^ which they account for their 
own origin. JM. Petitot, who formerly was unconvinced of their remote Asiatic 
parentage, now finds abundant proof of it. But perhaps his most interesting con¬ 
clusion is that in these living languages of the extreme north, we have not only 
the language of the Nabajos, one of the Apache tribes of Mexico, which has been 
remarked as linguistically distinct from the others, but also the primitive Aztec 
tongue, closely resembling the language of the Incas, the Quichua, still spoken in 
South America. I need not say how greatly these relations, if sustained by the 
conclusions of other students, are calculated to throw light upon the profoundly 
interesting question of tbe peopling of America. 

6. This is perhaps a proper occasion to allude to a novel theory proposed about 
two years ago, with high official countenance, upon a subject which will never 
cease to have iati^rest, and perhaps never be placed quite beyond dilute. I mean 
the landfall, as it is technically called, of Columbus, in 1492. The late Captain 
G. T. Fox, cf the Admiralty, Washington, argued in a carefully prepared work, 
that Atwood’s Bey, erroneously called Samana on many charts, is the original 
Guanahani of Columbus, renamed by him S. Salvador, also that Crooked Island and 
Addin Island are the Maria de la Concepcion of Columbus and the true Samana of 
succeeding navigators in the sixteenth century. The last Supposition is unques¬ 
tionably coiTect. Crooked, Addin, and Fortune Islands, which from the narrow¬ 
ness of the channels dividing them may have been, and very probably were, united 
four centuries ago, are plainly the Samana of the Dutch charts of the seventeenth 
century, and are so named on the excellent chart engraved in 1775 for Bryan 
Edwards' ‘ History of the lYest indies,’but the view that Atwood’sHey is identical 
with Guanahani is original, and is neither borne out by any old chart, nor by Colum¬ 
bus’ description. This small island is conspicuously wanting in the one physical 
feature by which Guanahani is to be identified ^ una laguna m medio muy grande.^ 
There is no lake or lagoon in it, nor does its distance from Samana tally at all with 
such slender particulars as have been left us by Columbus respecting his proceedings. 
The name S. Salvador has attached, not to Atwood’s Key, but to Oat Island, one 
of the Bahamas; it is true that modem research has shifred it, but only to the next 
island, and on very good grounds. Cat Island is not muy llana^ very level; on 
the contrary, it is the most iiilly of all the Bahamas, and it has no lake or lagoon. 
Wailing Islandj a little to the SE, of Oat Island, and now generally recognised as 
the true Guanahari or S. Salvador, is very level; it has a large lagoon, it satisfies 
histoiy as to the proceedings of Columbus for the two days following his discovery, 
by being very near the numerous islands of Exuma Sound, and I think few impar- 
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persons can doubt tbe justice of ibe conclusion of the late Admiral Becher and 
of Mr. Major as to its identity; there are difficulties in the interpretation of 
Columbus’log on any hypothesis, but there is one little ^undesigned coincidence’ 
which to my mind goes far to carry conviction. Columbus, when he sighted land, 
was greatly in want of water, and he continued cruising about among tbe small 
islands in search of it for some days. Clearly, theiefore, the laguna on Guanahani 
was not a fresh-water lake; nor is the lagoon on Watling Island fresh water, and 
so it exactly meets the case, 

6. The report of Lieutenant Baymond P. Bodgers, of the United States Navy, on 
the state of the canal works at Panama so lately as January 25 last, which has 
doubtless been eagerly read by many present, leaves me little to say on that great 
enterprise. Perhaps the follWing official returns of the amoimt of excavation 
effected in cubic metres (a cubic metre is 1*308 cubic yards) will enable the 
audience to realise its progress;— 


lSb3 October . 

Total 
evcavated 
. 2,042,034 

In each | 
month 1 

i 

1884 January . 

Total 
excavated 
. 3,340,534 

In each 
month 
680,000 

ember 

. 2,375,534 

3.33,300 

Februarj- 

, 3,974,191 

633,667 

December 

. 2,760,534 

385,000 1 

Maich . . 

, 4,590,022 

616,831 


The total quantity of excavation to be done in a length of 46*6 miles is esti¬ 
mated at 100 millions of cubic metises, but the rapid augmentation of quantity 
shows that the limit has not been attained. This is no place to speak of the 
stimulus given by this great work to mechanical invention or the gigantic power 
of tbe machines employed, which will probably receive attention in another section, 
but I may mention the two great problems which still await solution. The first 
is how to deal with the waters of the river Ohagies; the second is how to manage 
a cutting nearly 400ft. deep (110 m. to 120 m.”). The Chagres is a rher as large 
as the Seine, but subject to great fluctuations of volume; it cuts the line of the 
canal nearly at right angles, and for obvious reasons it is impossible to let it How 
into it. It is proposed to arrest the stream by an enormous dyke at Gamboa, 
near the divide. It will cross a valley between two hills, and be 1,050 yards long 
at th»- bottom, 2,110 yards at tbe top, 110 yards thick at the base, and 147 ft. in 
greatest height. Out of the resell oir so constructed it is proposed to lead the 
overflow by two artificial channels, partly utilising the old bed. The cutting will 
be nearly 500 ft. wide at the top (150 m.), with siSes at a slope of p It is pro¬ 
posed to attack it by gangs or parties working on twelve different levels at tho 
same time, one each* side of the summit, dividing the width at each level into 
five parallel sections. Thus there will be 120 gangs at work together, and it is 
confidently hoped that the whole will be really finished in 1888, the date long 
since assigned for its completion by M. de Lesseps. There is practically no other 
project now competing with it: fi/r the proposed routes by tbe tsthmus of 
Tehuantepec, the Atrato, and San Blav may be regarded as almost universally 
given up; both the latter would involve the construction of ship tunnels on a 
scale to daunt the boldest engineer. The so-called Caledonia route has not stood 
the test of examination. ^ There remains but the Nicaragua route, and this, while 
practicable enough, has failed to attract capitalists, and is environed by political 
and other difiiciiltips. which would leave it, ii‘ completed, under many disadvantages 
as compared with its rival. Among the latter must be named the necessity for 
rinsing by locks to the level of the Lake of Nicaragua (108 feet). 

^ It is very tempting to speculate on the probable con«st|uences of bringing the 
lEspano-Indian republics boi’deiing on the Pacific into such early contact with the 
energies of the Old World, but these speculations belong to polities rather than 
geography; moral transformations, we know, are not effected so easily as the 
conquest over physical difficulties. 

_ 7. Let us now turn to another quarter. This meeting cannot fail to share the 
pride ^d satisfaction with which the Iloyal Geogi’aphical Society regards the 
execution by Mr. Joseph Thomson of the important missions intrusted to him last 
year, in East Africa, and to share my regret also, that he is not here to receive 
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our pkudite and our congratulations. l^Ir. Thomson was commissioned to explore 
the unknown country about Mount Kilima-njaro and Mount Kenia, and if possible 
to con-dnue his route to Lake Jsyanza. He has done all this and much more. 
After an unsuccessful start from Zanzibar in March of last year, in which, how- 
eyer, he reached KHima’-njaro and ascended it about 9,000 ft., he returned to the 
coast from Taveta, and started again in July, this time from Mombasa. We are 
not yet fully acquainted with his route, but we know that he again reached the 
great mountain, reputed to have an elevation of more than 20,000 ft., that 
thence he reached the east side of Lake Nyanza, that he is the first who has stood 
on the shores of L. Baringo. That thence, always among natives who 
had never before seen a white man, he reached Mount Kenia, reputed to be 
18,000 ft. high, and found his way back to the coast without any conflict or loss 
of life by violence, and this after a joimney of about 500 miles, nearly the w^hole 
of it through a country previously unknown to geography, I have been favoured 
by him with a short communication, which will be read presently. The courage 
and the temper, the decision and the tact required for successful progress among the 
warlike and rapacious tribes whose territories he passed through, are qualities which 
demand our genuine admiration. Take a single trait: ^ As an illustration of their 
readiness to draw their swords, I may mention,’ he says, ^my own case, in which a 
Masai actually drew his dme to settle matters with me, because, getting tired of Ms 
extreme curiosity to see the whiteness of my leg, I pushed him away. On Ms drawing 
his eww I laughed and pretended I wanted to see it, and so the matter ended.’ 

Before hir. Thomson had actually returned to Zanzibar, another explorer, 
under the direction of a Committee of this Association, had started in the same 
‘direction, Mr. H. H. Johnston, whose plans, however, are devoted primarily to 
the investigation of the fauna and flora of Kilima-njaro, left the British Residency, 
Zanzibar, in. May last for Mombasa, having by the advice of Sir John Kirk 
selected that route for Kiiima-njai'o. Mr. Johnston had succeeded with Sir John 
Kirk’s kind assistance in getting together a well-organised party both of collectors 
and porters, and started in good health, with every hope of ultimate success. 
Further details on this subject will perhaps be given in the report of the Kilima¬ 
njaro Committee to be read in Section D, and we have a communication from Sir 
John Kirk, dated July 10, to be read presently, which shows that he has reached 
his ground. 

8. To the great desire of the French to unite their possessions in Northern and 
Central Africa, and to command the commerce of the native states south of the 
Sahara, we owe many important expeditions, one of which terminated unfortunately 
in the destruction of Colonel Flatters, together with several other officers and men, 
hy the Tuaregs in February 1881. Nevertheless continued progress has been made 
in the completion of our maps of that region. Colonel Flatters found everywhere 
evidences that at some remote period the great Wadi Igharghar was the bed of a 
river flo'wing into one of the most westerly of the Tunisian depressions, that large 
tracts were once fertilised hy it, of which small and scattered oases alone have 
survived to our epoch, and that subterranean water probably exists along its course. 
The hand of man, which is about to admit the waters of the Mediterranean into 
those depressions, may yet work surprising changes in these arid regions. "We 
have evidence of the improvements possible, in the description ^ven by^ Mr. Oscar 
Lenz, of the young Arab city of Tenduf on the skirts of the desert (cir. 27° N.)^ 
Founded only tliirty ^ears ago, in the heart of Islam, he describes it as now con¬ 
sisting of large well-built houses surromided with well-watered gardens of vegetables, 
and groves of date palms, a centre for caravan routes in four directions. This 
traveller, who visited Timbuktu in 1880, describes it as a decayed city of very 
little commercial importance, as may be imagined from their currency of cowries 
at the rate of 900 for a franc; and greatly in want of a little more intercourse 
with the world. The people, indeed, ima^e their river, the Niger, to be identical 
with the Nile. The project of a railway tMther from Algeria, actually marked on 
some maps, he dismisses as a cMmera; the idea, however, has not been abandoned. 
The line now proposed is from Wargla by Insalah and Inzize to Timbuktu. 

I am tempted here to remark that French travellers have made one observation 
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wMch is far from being a matter of concern to tbem alone. They dwll witK 
emphasis on the probable consequences of the rapid progress of the religion of 
Mahommed among the African races of the northern equatorial zone. Natire 
tribes, hitherto without moral or political cohesion, are being Inrit together on 
the 'Western Sudan, the Upper Niger, and the Gambia, with a rapidity which 
endangers the peaceful adyance of European commerce. It is, of course, to be 
expected that this movement will in time reach the populous basin of the Congo, 
and we have had too recent evidence of the fanaticism it is capable of inspiring, 
not to perceive here a moral element which may greatly affect white settlements 
and missionary enterprise in Central Africa hereafter. Any political changes 
which would substitute larger units of territory, and definite boundaries, and 
permanent names, for the present fleeting landmarks and multiplied tribal designa¬ 
tions which confuse our maps, would in one sense be welcome. 3n the meantime 
Central African exploration is daily revealing to us the unsuspected wealth of that 
IDark Continent in aU that can fit it for destinies more noble than it has yet been 
called to fulfil. 

9. Although the Upper Congo from Stanley Falls to Stanley Pool has now been 
so often travefied that it may be regarded as pretty well known, this by no means 
excludes the possibifity of many geographical coiTections. For instance, a map 
issued as lately as July 1883 by the International Congo Association, lays down 
its lower course between the Equator and 4^ South latitude, nearly 100 miles more to 
the west than is shown in the best modern atlas. As regards its tributaries much 
remains to be learned. Mr. Stanley has discovered two new lakes. I'he labours of 
that energetic ti’aveller, M. de Brazza, have, to a great extent, cleared up the 
geography of the region included between the Congo and the Ogow4 from the 
Equator southwards, and there are now said to be twenty-two trading stations in 
this part of the country; we are not uiformed what commerce exists Higher up„ 
but stili to the north, Mr. Stanley has ascended the Aruwimi about lOO miles, with¬ 
out having solved a question of no little interest, namelj^, whether it is identical 
with the ’Well^, and takes its rise in the same watershed which feeds the White Nile, 
or whether we have not, beyond its sources, a drainage system as yet untraced, but 
which may connect together a number of rivers whose relations to one another 
and whose final outlet are alike unknown. Lupton Bey reported nearl^r two years 
ago that a very large lake had been visited by one of his native subordinates west 
Ox the Aruwimi, and it is, in his opinion, prolSable that the Well^ flows into it. 

The southern basin of the Congo has been crossed from Loanda to Nyangwe 
through a new country by the late Dr. Pogge and Lieutenant Wissmsinn, the latter 
of whom has inscribed his" name on the roil of great African travellers by continuing 
hk journey across the continent by way of Tabora, or Unyanjambe, to Zanzibar. 
It is worthy of note that he brings" con&mation of the often reported existence of 
a dwarfish race, the Watwa, on the upper waters of the Sankinn, not a new fact 
in Afirican ethnography, because we have long been familiar with the diminutive 
Bushmen of the Cape" of Good Hope; hut interesting, like the fairKJomplexioned 
natives seen by Stanley and Johnston, as evidence of the diversities of origin, charac¬ 
ter, and capabilities, which better acquaintance with the African people is likely to 
disclose, and which has at all times been a potent factor in human progress. It is 
scarcely neeep&ary to refer here to the laborious work of Mr. Oust on the Modem Lan¬ 
guages of Africa as a treasury of information. It may be said in iniiitaxy phrase that 
the east and west of Aflica are in touch. Stanley was able to despatch letters in 
December last, ivV? Nyangw^, to Karema from his most eastei'ly station on the 
island of Staiiley Falls. “We can better appreciate the teeming 

life of these Equatorial regions,"when we read that his little expedition of thi*ee 
steam launches encountered, on November 24 last, a flotilla of over a thousand 
canoes (pius de mille canoti)^ which had just before devastated the village 
of Mawemb^, murdering all the men, and carrying off the women and 
children into riavery. They did not molest him, and au up this great river the 
with few exceptions, were found on this last occasion eager to contract 
aSlaAcee (xarified hy the exchange of blood), desirous of his protection, and craving 
» white iOfiidaat to instmct them* 
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Proceeding soutli’^ard to the region claimed especially as their own by Portu¬ 
guese travellersj Messrs. Britto Capello and Ivens, who successfully reached 
the Upper Quango in 1878, returned last January to Loanda with the intention, it 
is said, of endeavouring to descend one of the great tributaries, of which tliere are 
four whose sources have been crossed at a great elevation by Cameron and others,, 
but whose course for about 1,000 miles has never been followed: they are 
now on the Kunene. An English sportsman, Mr. Hemmings, starting from 
Walfisch Bay, has quite recently, in company with a Dutch hunter, found his 
way partly through the Portuguese territories, partly through native states beyond 
their boundaries, to the Congo, which he struck at Vivi. Cameron, it will be 
remembered, was astonished by a cold of 88° F. on the watershed between the 
Zambesi and the Kassab4 in about 12° South latitude. Dr. Pogge compares the 
climate of Mussumba on the 8tli parallel, in the month of December, to that of 
North Germany, and the fact illustrates what we learn from so many other 
quarters, that much of the interior of Africa belongs, by reason of its elevation 
above the sea, to a far more temperate zone, and is better suited to the Euro¬ 
pean constitution than its geographical position promises. The terrible prevalence 
of fever which has cost so many lives will probably he mitigated in time and by 
improved accommodation. The hills are comparatively free from it. Having alluded 
to Dr. Paul Pogge, whose death afc Loanda in March last deprives geography of 
an adventurous explorer, I may add that the account of his journey in 1875 to 
Mussumba, the capital of the powerful negro kingdom of the Muata Yanvo, or 
Matianvo of Livingstone, published in 1880, remains to be translated. That great 
traveller failed to reach it. Cameron cross^ the territory, but a long way to the 
south of it, and no previous scientific tmveller, that I am aware of, has described 
it. Dr. Pogge resided there four or five months, and we learn many interesting 
particulars from him, and from Dr. Max Buchner, a subsequent traveller. The 
people, although Fetish worshippers, practise the rite of circumcision: they are 
a fine, warlike race, unhappfiy addicted to slave-hunting, but far in advance of 
their cannibal neighbours of Kauanda. Their institutions are of a feudal character.. 
Muata Yanvo is an hereditaiy title. Among many peculiar customs is one* 
which invests one of the king’s halfsisters, under the designation of the Luko- 
kesba, with the second authority in the kingdom. She is forbidden to marry, but 
permitted a sort of morganatic alliance with a slave, any offspring being ruth¬ 
lessly destroyed, and on the death of the king she has the principal voice in 
determining his successor, who, however, must be selected from among the sons of 
the late king. Since Dr. Pogge’s visit the Muata Yanvo has been deposed and 
poisoned by his Lukokesha. The extraordinary custom prevails here that a man'» 
children do not belong to him, but to the eldest brother of their mother, and 
should a child die the father must make compensation. Smely I have now' 
justified the remark I made above on human pervemties. 

10. As many of my hearers may not be fully aware of the rapid extension of 
white occupation, hardily as yet to be called settlement, in Central Africa, and of 
the early fruit borne by tbe heroic life and death of Livingstone, and other scarcely 
less devoted travellers*^and philanthropists, and as many of the places are not to be- 
found in any ordinary atlas, I give at the end a table as complete as I have beem 
able to make it, of actual centres of communication or trade, or missionary instruc¬ 
tion now established tliere. Lake Nyassa, we are told, is becoming a busy inland 
sea. There are two steamers upon it, and one on the BiverShir^. Upon Tanganyika? 
three. Many years cannot elapse before the primitive and costly practice of carry¬ 
ing goods by an army of porters will be a thing of the past, when pack animals, 
perhaps wheeled vehicles, will have replaced them. Donkeys have been already 
introduced, with good promise, by the Universities’ missionaries and the African 
Lakes Company, although they have not been a success on the Congo. That first 
necessity of civilisation, a road of some sort, will connect the petty capitals, 
and link in friendly communication tribes which know one another now 
chiefly by hostilities and reprisals. The African Lakes Company, of Glasgow,, 
has ten small depdts between QuiMmane and Malawanda on Lake Nyassa, and 
from this place a practicable road of 220 miles has been carried to Pambete, on 
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Lake Tanganyika. Those places are likely to become the first centres of trade, at 
which the nativeb have already learned to respect the white man, where there are 
residentb who have mastered their language, and where native interpreters are to 
be found. Believing, then, that social problems of no common degree of complexity 
are certain to arise in a few years from the conflict of many creeds and nationalities, 
in a sort of ‘ no man’s land,* the table I subjoin may assist those who desire to have 
a definite idea of the progress already made. I am bound to add that ‘ no man s 
land ’ is a phrase which only expresses European views. The natives have very 
definite territorial ideas. 

11. From Central Africa it is not an unnatural transition to Central Asia, the 
region next the most inaccessible, and pregnant, perhaps, with greater events. 
The Eusbian project for diverting the Oxus or Amu Darya from the Sea of Aral 
into the Caspian, remains under investigation. We learn from the lively account 
jf Mr. George Eennan, a recent American traveller, that there is more than one 
motive for undertaking this great work, if it shall prove practicable. lie states 
that the lowering of the level of the Caspian Sea, in consequence of the great 
evaporation from its surface, is occasioning the Russian Government great anxiety, 
that the level is steadily but slowly falling, notwithstanding the enormous quantity 
-)f water poured in by the Volga, the Ural, and other rivers. In fact, Colonel 
Yinukof says that the Caspian is drying up fast, and that the fresh-water seals, 
which form so curious a feature of its fauna, are fast diminishing in number. At 
first view there would not appear great difficulty in restoring water communication, 
ihe point where the river would be diverted being about 216 ft. above the Caspian; 
but accurate leveHing has shown considerable depressions in the intervening tract. 
As the question is one of great geographical interest we may devote a few minutes 
to it.^ It is not to be doubted that the Oxus, or a branch of it, once flowed into the 
Caspian Sea. Professor R. Lens, of the Russian Acadtoie Imp^riale des Sciences, 
sums up Ms investigation of ancient authorities by affirming that there is no satis¬ 
factory evidence of its ever having done so before the year 1320; passages which 
have been quoted from Arab writers of the ninth century only prove in his opinion 
that they did not discriminate between the Caspian Sea and the Sea of Aral. 
There is evidence that in the thirteenth and fourteenth centuries the river bifur¬ 
cated, and one branch found its wav to the Caspian, but probably ceased to do so 
i; the sixteenth century. This agrees with Turkoman traditions. Even so late as 
1869 the waters of the Oxus reached Lake Sara Kamysh, SO or 90 miles from 
their channel, in a great flood, as happened also in 1850, but Sara Kamysh is now 
si>me 49 feet lower than the Caspian, and before they could proceed further an immense 
basin must be filled. The dilficulties then of the restoration by artificial means of 
a communication which natural causes have cut off, are ((f) The disappearance of 
the old bed. which cannot be traced at all over part of the way; (d) The possibility 
that farther natural changes, such as have taken place on the Syr-Daria, may 
defeat the object; (c) The immense expenditure under any ciieumstances necessary, 
the distance being about 350 miles, which would be out of all proportion to any 
immediate commercial benefit to be expected. We may very safely conclude that 
the thing will not_ be done, nor is it at all probable that Russian finances will 
permit the alternative proposal of cutting a purely artificial canal by the shortest 
line, at an estimated expense of 15 to 20 ^lion roubles. 

We have had, I think, no news of the intrepid Russian traveller, Colonel 
Prejevalsky, who started li-om Kiakhta on November 20, of later date than 
January 20, when he had reached Alashan, north of the Great Wall. He had for 
the third time crossed the great Desert of Gobi, where he experienced a tempera¬ 
ture below the freezing^ point of mercury, and was to start for Lake Kuku-nor 
i +10,500 ft.) the following day, thence to proceed to Tsaidam, where he proposed 
to form a depot of stores and provisions, and leaving some of his party here, to 
end^vour to reach the sources of the Yang-tse-kiang, or Yellow River. It was 
his intotioB to devote the early part of the present summer to exploration of the 
Befani country, situated between Kuku-nor to the north and Batan to the south— 
® liWy to yield an abundant harvest of novelty in natural history— 

to transfer his party to Hast, in Western Tsaidam, which may be 
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readied next spring. From this point the exjjedition will endeayour first to explore 
Korthern Tibet, which is his main object, in the direction of Lhasa and Lake 
Tengri-nor, and then returning northward, cross the Tibet plateau by new routes 
to Lake Lob-nor. After the re-assembly of the expedition at this point, it will 
probably regain Russian territory at Issyk-kul. Colonel Prejeyalsky is accompanied 
by two officers, an interpreter, and an escort of twenty Cossacks. 

12. As you are aware, we have been chiefly indebted to natiyes of India for 
seyeral years past for our knowledge of the regions beyond the British boundary. 
Mr. McNair, of the Indian Survey Department, who received the Murchison premium 
of this year, is the first European who has ever penetrated so far as Chitral, which is 
only 200 miles from Peshawur. In various disguises, however, natiyes, carefully 
instructed, have penetrated the neighbouring but unneighbourly regions of Mghan- 
istan, Kashmir, Turkistan, Nepaid, Tibet—in almost every direction—and these 
achievements were|crowned by one of them, known as A.K., reaching Saitu or 
Sachu, in Mongolia, in 1882, and thence returning in safety to India, after an 
absence of four years. His route took him to Darchendo or Tachialo (lat. 31°), 
the most westerly point reached hy the late Captain J. Gill, R.E., in 1877, and 
thus connects the explorations of that accomplished and lamented traveller with 
Central Asia. A-k has brought fresh evidence that the Sanpoo and the Brah¬ 
mapootra are one; the quite modern opinion that the former flows into the 
Irrawaddy being shovui to be groundless. After draining the northern slopes of 
the Himalayas, the Brahmapootra makes a loop round their eastern flanks, where 
it has been called the Dehang, and thence, as everybody knows, flows westerly to 
join the Ganges: the maps have been shown in this instance to he right. The 
travels of these native explorers, their stratagems and their disguises, their hazards 
and sufierings, their frequent hair-breadth escapes, are teeming with excitement. 
One of them describes a portion of his track at the back of Mount Everest, as 
cariied for the third of a mile along the face of a precipice at the height of 
1,500 ffc. above the Bhotia-kosi river, upon iron pegs let into the face of the rock, 
the path being formed by bars of iron and slabs of stone stretching from pe^ to 
peg, in no place more than 18 inches, and often not more than 9 inches wide. 
Nevertheless tMs path is constantly used by men carrying burdens. 

One of the finest feats of mountaineering on record was performed last year by 
Mr. W. W. Graham, who reached an elevation of 23,500 ft. in the Himalayas, about 
2,900 ft. above the summit of Chimborazo, whose ascent by Mr. Whymper in 1880 
marked an epoch in these exploits. Mr. Graham was accompanied by an officer of 
the Swiss army, an experienced mountaineer, and by a professional Swiss guide. 
They ascended Kahru, a mountain visible from Barjeefing, lying to the west of 
Kanchinjunga, whose summit still defies the strength of man. 

13, And here I may refer to that great work, the Trigonometrical Survey of 
India, The primary triangulation, commenced in the year 1800, is practically 
completed, although a little work remains to extend it to Ceylon on one side and to 
Siam on the other. Much secondary triangulation remains to be executed, but 
chiefly outside the lindts of India proper. The Pisgah views, by which some of 
the loftiest mountains in the world have been fixed in position, sometimes from 
points in the nearest Himalayas, 120 miles distant, only serve to arouse a warmer 
desire for unrestrained access. The belief long entertained that a summit loftier 
than Mount Everest exists in Tibet is by no means extinct, but it is possible that 
the snowy peak intended may prove eventually to be the Mount Everest itself of 
the original survey. Still, however, science, in spite of fanatical obstruction, makes 
sure advances. The extraordinary learning and research by which Sir H. RawHn- 
soa was enabled a few years since to expose a series of mystifications or falsifications 
relating to the Upper Oxus, which had been received on Mgh geographical authority, 
can never be forgotten. That river has now been traced from its sources in the 
Panjah, chiefly by native explorers, and to them we may be said to be indebted for 
all we know of Nepaul, from which Europeans are as jealously excluded as they 
are from the wildest Central Asian Khanate, although Nepaifi is not so far from 
Calcutta as Kingston is from Quebec. 

Carrying their instruments to the most remote and inaccessible places, and 
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among tlie most primitive hill tribes, the narrative reports of the oliicers of the 
Indian Survey are full of ethnographic and other curious information. Take for 
example the account given by Mr. G. A. McGill, in 1882, of the Bishnoies of Baj- 
putana, a class of people, he says, who live by themselves, and are seldom to be 
found in the same village with the other castes. ‘ These people hold sacred every¬ 
thing animate and inanimate, carrying this belief so far that they never even cut 
down a green tree; they also do all in their power to prevent others fi^om doing 
the same, and this is why they live apart from other people, so as not to witness 
the taking of life. The Bishnoies, unlike the rest of the inhabitants, strictly avoid 
drink, smoking and eating opium; this being prohibited to them by their religion. 
They are also stringently enjoined to monogamy and to the performance of regular 
ablutions daily. Under aU these circumstances, and as may be expected, the Bish¬ 
noies are a well-to-do community, hut are abhorred by the other people, especially 
as by their domestic and frugal habits they soon get rich, and are the owners of the 
best lands in the country.* 

In one particular, the experience of the Indian Survey carries a lesson to this 
country. *A constantly growing demand/ says General Walker, ‘has risen of 
late years for new surveys on a large scale, in supersession of the small scale surveys 
which were executed a generation or more ago. . . . The so-called topographical 
surveys of those days were m reality geographical reconnaissances sufficient for all 
the requfrements of the Indian atlas, and for general reproduction on small scales, 
hut not for purposes which demand accurate delineation of minute detail.^ We 
have in the Canadian North-West, a region which has not yet passed beyond the 
preliminary stage, and it would probably he possible to save much future expendi-^ 
ture by timely adoption of the more rigorous system. There is perhaps no region 
on the globe which offers conditions more favourable for geodesy than the long 
stretch of the western plains, or where the highest problems are more Hkely to 
present themseh’es in relation to the form and density of the earth. The American 
surveyors have already measured a trigonometrical base of about 10-80 miles in the 
Sacramento Valley, the longest I believe as yet measiu-ed in any country (the Yolo 
Base) and reported to be one of the most accurate. 

14. The Australian continent has been crossed again from east to west, on the 
parallel of 28® South or thereabouts, by Mr. W. Whitfield Mills. Starting from 
Beltana, near Lake Torrens, S.A., on June 6,1883, and travelling almost due west, 
he finally reached the coast at Northampton, W.A., in January last, after great 
suffering from want of water. But for the introduction of camels, the expedition 
must have broken down. On one occariontbey were eleven or twelve days without 
water. He reports a great extent of avaHahle pasturage between the Warburton 
i*ange and the Blyth watershed, hut he found only three perennial sources of water 
supply in 1,600 miles; such conditions give more than usual interest to the recent 
discovery that subterranean supplies may be expected all over a cretaceous area esti¬ 
mated at 126,000 square miles in the central region of the Australian continent. 
Good water was struck in April last by an artesian boring at a depth of 1,220 feet at 
TWkannma, lat. 30® S., long. 1384° Is difficult to overrate the importance 

of this discovery, the supply being very abundant, and not likely to faO, since its 
sources are believed by ilr. Brown, tlie Government geologist, to be derived from 
the onfall of the southern watershed of the Queensland and Northern ranges. 

, started with thirty camels, attended by five Afghan drivers j six of 

it effects, as was supposed, of eating poisonous herbage. Mr. 

Mills did not deviate much from the tracks of the late Mr. W. 0. Gosse, and of 
Mr. J. Forrest, hh jouiney has therefore added little to previous geographical 
kno^viedge, but it has helped to make the route better known, and afforded fresh 
evidence that the value of the camel in those terrible Australian Saharas is in no 
degree l^s than it is where he has long been known as the * ship of the desert.^ 

At. Winnecke, starting from the do’warie station on 

m Warburton Eiver, in 28® S. has traversed about 400 mfies of new coun- 
direction, and made a sketch map of 40,000 square miles, 
a jremarkahle natural feature in the Tarleton range. He 
too <3twm Me success to the enaployment of camels, which he describes as ‘ behaving 
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nobly*' Tlie recent establisliinent of a Geo^apbical Society of Australasia pro¬ 
mises that many adventurous private explorations, little known and soon forgotten, 
will hereafter contribute to a better knowledge of that vast interior. 

The reported outbreak of a new volcano in the northern part of West Australia, 
on August 25,1883, in connection with the great eruption of the Sunda Straits, has 
not, as far as I know, been verified; but the graphic description of the natives: ^ Big 
mountain hum up. He big one sick. Throw him up red stuft, it run down side and burn 
down grass and trees,' ^ seems to leave little doubt of the reality of the occurrence. 

15. The International Circumpolar expeditions have added, perhaps, to local 
knowledge, especially as regards the climate and means of supporting life at various 
stations; but not much, so far as reported, to geography generally. To this 
remark, however, a brilliant exception must be made, on the intelligence flashed 
through the telegraph while these lines are passing through the press. The dis¬ 
tinction of the nearest approach to the North Pole yet made by man has been won 
by the late Lieutenant Lockwood and Sergeant Brainerd, of Lieutenant Greely's 
expedition. They reached, on May 13,1882, an island not before known, in lat. 
83® 24' N., long, 44® 5' W., now named after its discoverer. This is four or five 
miles beyond Captain Markham’s farthest point (83® 20' N.), and it appears to be 
by no means the only geographical achievement which in some measure rewards 
the painful sufferings and losses of the party. Lieutenant P. H. Eay, U.S.A., has 
also rectified many details of the map about Point Barrow, and discovered a range 
of hills which he has named the Meade Mountains, running east ffom Cape Lis- 
burne, from which at least two streams, unmarked, flow into the Polar Sea. We 
may expect similar service from the Italian parties at Patagonia, and from the 
Germans in South Georgia. 

16. There are few particulars in which the best atlases of the present day differ 
more ffom those published twenty-flve years ago, than in the information they 
give us respecting the submerged portions of the globe. The British Islands, with 
the fifty and one hundred-fathom lines of soundings drawn round them, seem to 
bear a different relation to each other and to the Continent than they did before. 
The geogi'aphy of the bed of the ocean is scarcely less interesting than that of the 
continents, or less important to a knowledge of terrestrial physics. Since the 
celebrated voyage of I 1 .M.S. ‘ Challenger/ no maiine researches have been more 
firuitfhl of results than those of the ^Talisman’ and the ^Dacia.' The first was 
employed last year by the French Government to examine the Atlantic coasts 
ffom Kochefort to Senegal, and to investigate the hydiography and natural history 
of the Cape Yerde, Cana^, and Azores archipelagos. The other ship, with her 
companion the ^ International,’ was a private adventure, with the commercial 
purpose of ascertaining the best line for a submarine telegraph from Spain to the 
Canaries. These two last made some 550 soundings, and discovered three shoals, 
one of them with less than 50 fathoms of water over it, between the continent 
of Affrica and the islands. If we draw a circle passing through Cape Mogador, 
Teneriffe, and Funchal, its centre will mark very nearly this submarine elevation; 
the other two lie to the north of it. The ' Talisman ’ found in mid-ocean bat 
1,640 fathoms, among soundings previously set down as over 2,000 fathoms. Our 
knowledge then of the bed of the Atlantic, and of the changes of depth it may 
be undergoing, is but in its infancy; and we have only to reflect what sort of 
orographic map of Europe we comd hope to draw, by sounding lines dropped 
a hundred miles apart from the highest clouds, to be conscious of its imperfection. 
But this knowledge is accumulating, and whether revealing at one moment a pro¬ 
found abyss, or at another an unsuspected summit: marvels of life, form, and 
colour, or new and pregnant facts of distribution; it promises for a long time 
to come to fiimish inexhaustible interest. 

17. If railways are features of a less purely geographical interest than the great 
interoceanic can^s which dissever continents, they are not less important to the 
traveller; and whether commercial, political, or strategic motives have most 
influenced their construction, they not less fulfil the beneficent purpose of binding 
men in closer ties. It is not necessary that I should speak to you of the Canada 

* Nature^ February 21,1884. 
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Pacific Hallway^ of whicK many of my heamrs will soon have personal knowledge^ 
or of tlie proposed railway from Winnipeg to Hudson’s Bay; there are numerous 
other undertakings which serve in an equal degree to mark this nineteenth century 
as the mother of new forces and new possibilities. The Mexican Central Kailway 
open some time since from El Paso on the Kiver Grande, to Jimenez, has been 
opened to Mexico itself, and will soon reach Tehuantepec, which will thus he placed 
in direct railway communication with New Orleans, while the Sonoran branch will 
coimect the United States mth Guaymas on the Gulf of California. It requires a 
moment’s recollection of the events we have seen in our own day to appreciate 
the vastness of these changes. 

In South America we have the railway of Dom Pedro II. creeping on towards 
Paraguay and the Argentine Kepuhlie. It has reached Sorocaha, while branches 
from S. Paolo to the north-west approach great tracts on the Parana and Pazama*- 
panama, which are marked on the latest Brazilian maps as ^unknown Indian 
terntories,’ perhaps 100,000 square miles in extent, cut by the tropic, hut con- 
trihuting almost nothing as yet to commerce. 

Turning to Afnca, the French have a short railway in operation on the 
Senegal, from Dakar to S. Louis, and a section of a line to Medina opened. French 
engineers also are engaged on a railway fi*om Enzeti to Teheran, so that before 
long the capital of Persia will be reached from London in little more than a week. 

Looking to the far East, Kussia has long since made the shores of the Caspian 
nearly as accessible as Lake Superior, by her railway from Batoum, by way of 
Tifiis to Baku, which will also he reached by the lines from Moscow before long. 
This is but the first section of a line of far more ambitious aims. Starting again 
from ^iikhailovsk, the embouchure of the ancient Oxus, the Trans-Caspian branch 
has been extended to Bami, and the line has been surveyed to Herat. The political 
forces in the field may he safely trusted to bring the British Indian lines, at present 
laid otit to Quetta (600 miles from Herat) into a more or less direct commxmication 
with the same terminus. These are forces which we cannot ignore, but all we have 
to do with them here is to recognise, behind their smoke and din, the steady 
advance of our race in its^ primeval misaon to replenish the earth and subdue it. 
The next step on the British side is an extension of the railway fii’om Quetta to 
Gandahar, a work which was commenced by a former administration hut discon¬ 
tinued. Its completion can bring nothing but benefit to the Ameer and his people. 

18. ^ The science of geography reaches perhaps its highest point of puhh’c utility 
when it determines on a sure basis the international disputes ever arising on ques¬ 
tions of boundary. Sacred as our neighbour’s landmarks are, or ought to he, to 
us, they axe in many cases so ill or incorrectly defined as to give free scope to the 
passion of aggrandisement. In such a state is the frontier of Afghanistan^ 
between the rivers Tejend and Amu Darya. In such a state, from the Treaty of 
Ghent to the Treaty of Washington, were the frontiers of this Dominion and are 
still tht^ of Ontario and Manitoba. In such a state are the frontiers of British 
Guiana, which have been in depute for many years with the Kepuhlie of Venezuela 
on the one side, and the Empire of Brazil on the other, both basing their claims on 
vague rights of the old Spanish crown. To some extent the question as to the 
original boundaries of the possessions ekimed by Portugal in West Africa, includ- 
hig the mouth of the Congo, belong's to the same category. The amhig'uity arises 

frequently from defective maps^ and the consequent imperfect geographical 
kno^wledge of the statesmen negotiating treaties, than from any other cause, and 
an tfrat I dwell upon here is the proof so often afiorded that liberal, even large 
expends?tore, in the encouragement of scientific exploration, especially of frontier 
lands, w ould often prove to he true public economy in the end. 

19. I.kave now touched lightly upon all the points which appear to me to be 

most noriceable in the recent progress of geograpbieal science; but before I resume 
my^seat I -cannot deny myself the pleasure of alluding to that important measure of 
social so simple in its application, so scientific in its basis, for whicb you 

^ to the perseverance and enthusiasm of my friend Mr. Sandford 

Flesmng, p.E. I me^, of course, the agreement to refer local time on this 

j » sut^ssion of first meridians, one hour apart. There are manv 
red-letter days m the almanac of less importance than that memorable November 
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18^ 1883, wMeli saw this system adopted, whether we consider its educational 
tendency or its influence on the future intercourse of unhorn millions. It is a 
somewhat memorable evidence also that agreement upon questions of general 
concern is not that unattainable thing which we are apt to consider it. The next 
step will not be long delayed; that is, the agreement of the civilised world to use 
one first meridian, Paris, Ferrol, Washington, Kio de Janeiro, gracefully, as I 
venture to hope, giving that precedency to Greenwich which is demanded by the 
fact that an overwhelming proportion of the existing nautical charts of all nations, 
and of maps and atlases in most of them, abeady refer their longitudes to that 
meridian; no other change would be so easy or so little felt. 


APPENDIX. 

Li^ of Stations occujpied by JEuropeaifis in Central Africa in 1884, 

[This list has been compiled from the latest reports of the Bel^an International 
Association and of the various Missionary Societies, extended by information com¬ 
municated by that eminent African scholar and linguist, Mr. Bobert Needham 
Oust. The latitudes and longitudes on the Eastern Section are chiefly from Mr.. 
Ravenstein’s maps, and in many instances are but an approximation. There are 
probably a few small out-stations not included, and possibly eome of the places 
named are practically identical with others, as Kiinua-Mgua ,and Mkunagini, 
which are mission schools at Zanzibar belonging to Mwembe.] 


A. L, Co. 

A. B. M. TJ. 
A. B. F. 

A. P.M. 

B. M. 

0. at. soc, 

B. I. Assoc. 
B. 0. S. 


ABEBEVIATIOFTS EMPLOYED. 


African Lakes Company of Glas¬ 
gow. 

American Baptist; Missionary 
XJnion. 

American Board of Foreign 
Missions. 

American Presbyterian Mission. 

Baptist Missions (British). 

Church Missionary Society of 
London. 

Belgian Inteniational Association. 

Established Ohni'ch of Scotland 
Mission. 


P. C. S. 

P. E. M. 

P. P. M. 

G. A. Assoc. 

J. 

L. I. M. 
li. M. Soc. 
N.D.d’A. 

S. Esprit. 

S. Coenr de M. 
TJ. M. M. 

TT.M. 


Free Church of Scotland Mission* 
French Evangelical Mission. 
French Protestant Mission 
(Arnot's). 

German African Association. 
Jesuits, English and French. 
Livingstone Inland Mission. 
London Missionary Society. 

Notre Dame d’Afriqae d’AJger* 
Pferes du Saint Esprit. 

P&*es d,u Sacr6 Coenr de Marie. 
TJnited Methodist Itlission, 
Universities Mission. 


I. East of Longitude 25° B. peok the Equator to the Zambesi. 


Stations in italic are understood to be given up. 


Place 

State 

Lat. 

Long. 

Organisation 

Eubaga , • , . 

N. of Victoria 
Nyanza 

o / 

- 0 IS 

O f 

32 37 

C. M. Soc. Capital of King 
Mtesa 

Bukumbi. , . . 

On Victoria N. 

cir.2 0 

32 0 

N. D. dA. 

Kagehy .... 

SJ 

2 22 

33 17 

C. M. Soc. 

irSaiala . . * 

9» 

2 40 

33 0 

0. M. Soc. 

Lamu ..... 

E. Coast 

2 17 

41 0 

U. M. M. 

Teita . 

Teita Country 

3 50 

38 35 

C. U. Soc. 

Eamlikeni . . , 

Giriyama . . 

3 30 

39 39 

C. M, Soc. 

Kisulutini . , , 

Alupanga . . ! 

3 55 

39 33 

0. M. Soc. 

Eabbai .... 

»> 

3 57 

39 37 

U. M. M. 

Euwima (Sawje) . 

: L. Tanganyika 

4 3 

29 22 

N. D. fPA. . 

Mombasa Island . 

j East Coast 

4 4 

39 40 

C. M. Soc. 

Kisaune (Frere- 
town) 

Near Mombasa 

4 2 

39 43 

0. M. Soc. 

Jomva or Jomfu . 

it 

4 0 

39 86 

U, M. M. 

Shimba .... 

35 

4 16 

39 30 

C. M. Soc. 

Drambo , . • , 

DNyamwize 

4 35 

32 23 

L. M. S. 

Djip . . . t . 

L. Tanganyika 

4 55 

30 0 

C. M. Soc. 

Dyuhi. 

— 

4 57 

33 S 

C. M. Soc. 

1 Tabora .... 

' Unyanyembe 

5 0 

33 2 

N. D. d’A. 
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Table I. (cotdinued). 


Place 

State 

Lat. 

Long. 

Organisation 

Mkusi. 

U’Sambara 

o t 

5 12 

o / 

38 49 

U. M. 15 miles from Magila 

Magila .... 


5 9 

38 45 

U. Medical Mission (80 




miles from Zmizibar) 

Slisozwe .... 


cir,o 0 

38 0 

IT. M., 8 miles from Magila 

Umba, or Ambe . 

1* 

: 5 10 

38 53 

U. M., 12 miles from Magila 

Mtowe or Ply- 

U'Gaba, L. 

> 5 45 

29 30 

L. M. Soc. 

mouthi Bock 

Tanganyika 




Kakoma .... 

IT'Ganda , . 

5 47 

32 28 

Belgian International 

Mbonda .... 

Xguru . . 

6 0 

37 30 

S. E. and S. Cceur de M. 

Saadani .... 

Uzequra . . 

6 4 

88 50 

Belgian International 

Kiungani . . . 

Zanzibar Island 

6 10 

39 14 

TJ. M. School 

Kiiaua Mgaa . . 

i — 

— 

— 

— 

Mkunaziiii . . . 

' — 

— 

— 

U. M. School 

Mbweni .... 

' — 

6 12 

39 12 

XT. Mission Farm 

Mamboia.... 

U'Sagara . . 

6 16 

36 58 

C. M. Soc. 

Mpapwa .... 

»» 

6 22 

36 22 

C, M. Soc. 

Kisokwe .... 


6 20 

36 16 

C. M. Soc. 

Mrogoro .... 


6 15 

36 15 

S. E. and S. Coenr de M. 

Bagamoyo . . . 

Near Zanzibar 

6 25 

38 55 

xS. E. and S. Ccenr de M. 

KAREMA . . . 

L. Tanganyika 

6 50 

32 0 

Belgian International 

Condoa .... 

U’Sagara . . 

6 52 

36 55 

G. A. Assoc. 

Jjnndwe, or lien- 
dwe 

Maliwanda . * . 

L. Tanganyika 

8 45 

31 0 

L. M. Soc. 

W.ofL-Kyassa 

9 42 

33 30 

P. C. of S. and A. L, Co, 

Karongas , . . 

On L. Nyanza 

9 57 

33 53 

A. L. Co. Store 

Mtaa. 

Rovnma . . 

10 10 

39 30 

U. M. Abdallah Pisa's 





residence 

Liudi. i 

East Coast . 

10 0 

39 45 

IT. M. Consxd Smith's 





residexiee 

Cwangwara... 

L. Xyassa . . i 

10 30 

35 30 

j> »» 

G-wangwara. . . 

1 

— 

— 

Belgian International 

Masasi . . , . 

Inland Station j 

10 48 

38 55 

U. M. 

bTewaia .... 

Eovuma . . ^ 

10 57 

39 13 

IT. M. abmd 40 miles S,M 





of Masasi 

M.Wambe , . . 

1 L. Nyassa . . 

11 35 

35 20 

U. M. 

Mombira. - . - 

i Li. Kyassa, A- 

11 30 

31 0 

P. C. S. above Bandaw5 


! Ngoni-land 




Bandaw^ 

L. Kyassa . . 

11 54 

34 5 

P. C. S., Livingstonia Mis- 

Mvingstonia) 
Ohitegi’s .... 



' 34 48 

sion, & A. XiTJoT 


12 10 

U.M. 

Blaniyxe .... 

E. of E. Sbir§ 

13 45 

34 57 

i E. C. of S. Cms%il Poote's 




residence \ 

Cape Maclear(OZi2 

L. Nyassa . . 

14 3 

34 44 

F. C. of S. 

IMitgstonia) 

On tbe Shir^ 




Matope . • . • 

15 22 

34 55 

A. L. Co.> a road lienee to 




helm the MnrcMs ^/. 
rajpids on the 8Mr$ -- 

Mangala .... 

E. Shirg, 

16 0 

35 0 

A. L. Co. Stores 

Tette (Nyungwe) . 

Zambesi • . 

! 16 9 

S3 28 

Jesuit Mission 

Lialui..... 

„ ew- 

15 30 

23 15 

P. P. M, 

Shesheke . , . 

• • 

IT 31 

24 55 

St. J. also F. E. M. 

Mosangu (Mwem- 
ba’s) 

Tictoriii. Palls , * 

ii mm 

17 45 

27 45 

Jesuit 

*1 • • 

17 55 

25 60 

French Protestant 

C^sflimaae, or KRi- 

East Coast . 

18 0 

37 0 

Jesuit 

1P3|e» .... 

Zambesi . . 

18 0 

36 0 


B. of Zambesi 

IS 30 

25 55 
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II. West op Longitude 25° E. feom the Equatob to'the 
Kuimen os Cunbne. 


Place 

State 

Lat. 

Long. 1 

Organisation 

Island of Wana 

Stanley Falls 

0 i 

+ 0 10 

o 

0 

B. I. Assoc* . 

Rusani 





» Equator Station L 

Upper Congo 

+ 06 

18 50 

B. L Assoc, and 700 

miles from the coast 

Lukolela . * L 


1 22 

17 7 

B. I. Assoc, and B.M. 

Lecona .... 


1 10 

17 0 

M. de Brazza 

Bolobo . . , L 


2 22 

17 45 

B. I. Assoc. 

Msuata . . L 

»» 

3 28 

17 30 

B. I. Assoc. 

IMisongo , . , L 

li^’Kutu R. . 

3 20 

17 40 

L. I. M. 

Qua’month . , L 

Kwango R. . 

3 15 

16 42 

B. 1 Assoc. 

Qua’month . * . 

>1 

3 24 

16 28 

B. I, Assoc. 

M* Gaucho . . R 

» 

3 20 

16 40 

31. De Brazza 

Brazzaville (Mfwa) 
R 

Leopoldville. . L 

Stanley Pool 

4 10 

15 41 

French Establishm. 


4 13 

15 38 

B. I. Assoc, and L. I. M. 

Kimbolo (Artbing- 

„ sw. 

4 9 

15 60 

B, M. 

ton). . . . L 





Kintcbassa . • B 

It 

4 12 

15 47 

B. I. Assoc. 

1 N’Gombi . . . L 

»» 

4 49 

15 22 

B. 31. 

1 Liverpool .... 


— 

— 

Late B. M. 

Lutete . . . • 

t» 

, 4 49 

15 10 

B. I. Assoc. 

j Banza Manteka L 


' 5 24 

14 13 

L. 1. M. 

* Manyanga (N. 


' 4 39 

14 52 

B. I. Assoc, and late L. M, 

1 N’GombPs town) L 



14 53 


Liikungu. , • . 

>» 

4 50 

L. I. M. 

isangbila. . . R 


5 12 

14 12 

B. I. Assoc. - 

Mukimbungu . L 

»♦ 

5 8 

14 26 

L. L M. 

Bayneston . . L 


6 13 

14 13 

B.M. 

Yivi , . . . R 

19 

5 37 

13 63 

B. I Assoc. 

Palabella. , . L 

19 

5 34 

14 3 

L. I. M. 

Ikungula.... 

S» 

5 42 

13 45 

B. I. Assoc. 

Underhill (Wanga- 

Lower Congo 

5 38 

13 42 

B. M. 

Wanga) 


5 42 

33 13 


Nokki or Noqni L 

99 

B. I. Assoc. 

W Boma, or Boma 
R 

Banana Point . R 

99 

5 44 

13 3 

B. I. Assoc. 

99 

6 0 

12 12 

L. I. M. 

Mukimvika • . L 

S. of Congo . 

6 11 

12 18 

L. I. M. 

Franceville . . . 

R, Passa • • 

1 30 

13 50 

French settlement 

Franktown . . . 

R. Kwilu . • 

3 30 

12 45 

B. I. Assoc. 

Stanley Niadi . . 

Kwilu District 

3 61 

13 3 

B. I. Assoc. 

Baudouinville . . 

19 

4 8 

12 0 

B. I. Assoc. 

Stepbanieville • . 

99 

4 10 

13 14 

B. 1. Assoc. 

' Philipville . • . 

99 

4 18 

13 43 

B. I. Assoc. 

ISTkiila. 

99 

4 32 

13 4 

B. I. Assoc. 

Bulangnngu. . . 

>9 

4 38 

14 30 

B. L Assoc. 

H- Boko songbo . 

99 

5 0 

13 43 

B. 1. Assoc. 

tJan Salvador . . 

Congo . . . 

6 18 

14 46 

Late B. M. 

Rudolfstadt • . 

Coast . , . 

4 29 

11 42 

B. I. Assoc, 

Grantville . . . 

99 

4 36 

11 46 

B. I. Assoo- 

Nengeneuge . . 

1884 

70 miles up 
Gambia 

13 0 

16 OW 

A. P. M. 

3 F 
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Table H. {emiimLed'). 


Place 

State 

Lafc. 

Long. 

Organisation 

Benito . . 

* « 

Bight of Biafra 

o / 

2 0 

0 / 

9 45 

A. P. M. 

Corisco, Island of . 


2 20 

9 45 

A. P. M. 

Baraka . . 


Year Libreville 

1 so 

9 SO 

A. P. IL 

Libreville , 


Oaboon. . . 

1 so 

9 SO 

S. Esprit 

Kangwe , , 


S. of Ogowe . 

1 0 

10 0 

A. P, 2iL 

Tallaguga . 


235 miles up 

0 10 

11 50E 

A. P. 

St, Pr. Xavier 


Ogowe 

B. Ogowe . , 

0 0 

10 45 

8. Esprit and Ccetir de M. 

Lambar^ , 


»3 

0 45 

10 SO 

S. Es^Dx-it and Co&nr de H. 

Landana , , 


'W. Coast . . 

5 16 

12 7 

Ch. of Rome 

Malemba, , 


•3 

5 18 

12 10 

Ch. of Rome 

Hernias . . 



6 0 

12 20 

Ch. of Rome 

S. Antoine . 


— 

6 20 

12 10 

Ch. of Rome. 

Bailnnda. , 


Angola . . * 

12 0 

16 25 

A. B. f, M. 

Bibe . . * 



IS 50 

16 26 

A. B. P..1L 

Huilla . . • 


K. of Kunene 

15 2 

14 0 

S. Esprit 

Humba , . 


OntheKunene 

16 50 

15 5 

S, Esprit 


The stations of the Livingstone (Congo) Inland Mission (originated by the Bast 
London Institute for Home mid Foreign Missions) have been recently transferred to 
the Amerioan Baptist Missionary Union, 

Positions from the month of the Congo as far as Stanley Pool are taken from the 
new map hy MM,.Capello and Ivens (1883) published by the Portuguese Admiralty. 

The letters L., B. signify that the station is on the left or right bank of the 
Congo 


The following Papers were read:— 

1. A Cotiummication on Mt\ Josep?h TfwrnsoiCs recent Exploration iiy Eastern 
Africa, By General Sir J. H. LEFEOt, G.B,, K,CM,a,, RB,8. 


2* A Gowimmiication froYii Sir JoknKirh on Mr, S, Johnston^$ 'Kilimanjaro 
Exjpedition, By General Sir J. H. Lbfeoy, C,B,^ K,C,M.G,, F,B.S, 

The President read a letter L’om Sir J. Kirk, dated July 10, to the effect that 
Mr. Johnston had arrived safely in Chagga, and had been favourably received by- 
King Mandalla, the absolute ruler of that district, who had not only undertaken to 
supply Mr. Johnston's party with food free of expense, but also had assigned him a 
suitable place on the mountain on which to build a house, and so carry on his work 
of collecting specimens of natural histciy. , 


3. The latest Besearehss m ilie Moeris Basin, 

By P. Cope TThitehouse, 2LA, 

At the York meeting a sketch map was shown on w^hich all the Greek and 
Latin allusions to Lake Moeris had been placed in their apparent true relations. 
It was thus made evident that there was no discrepancy between the accounts of 
the ancient historians, and that the centre of the lake had been r^ear Qasr Qen.m, 

, The expectation was expressed that a careful survey of the region lying between the- 
Pyramids and Behnesa, within fiEy miles of the Kile, woiild show the esdstence of' 
than one connecting depression, and that two of these, at least, would prove- 
te about 200 feet below the level of the Mediterranean. 
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In 1882 and 1883 siirrejs were made wliich fully justified this opinion. The 
Wadi Keian, wliicli runs S*S.E. fi'om Qasr Qerun, is a rallay corresponding in 
shape to the Meridis Lacus of the Ptolemaic maps. It seems, th<erefore, established 
that the ancient historians correctly stated that there ^as a Tast; reservoir of Xile 
“water to the west of the Nile valley. The Arabic tradition staters, with great dear¬ 
ness and probability, tliat in the early period of Egyptian h5stor?y the water filled 
the northern basins now known as the^Eayoum, but that thb lake received the 
waters of the inundation like Albert Nyanza, without any artificial regulation of 
the flow. The great labour expended upon this lake consisted m the formation of 
the second, or Reian, basin, the canal from Behnesa to the Southern basin, the canal 
stid known as the Bahr Jusuf, and the great wall of the Fayoim which excluded 
the water from the upper plateau. This region was called by the Jews, Pithom. 
It was Pi-Tum, or the West. Recent researches by Dr. Sch^veinfurth fully sup¬ 
port the assertions put forth from time to time as the results of repeated (seven) 
visits to this part of the Libyan Desert, especially the presence of fresh-water shells 
at the Nile level, and the remains of a town north of Dimeli, Although these 
conclusions were opposed to the opinion of the entire scienfciic world—^French, 
English, and German—they have been accepted. They are of peculiar importance, 
because— -- 

(1.) The integrity and trustworthiness of the ancient historians have been re¬ 
habilitated. 

(2.) An impulse has been given to seek for other great works, especiaDy the 
Lahyrmth. 

(3.) A restoration of the lake is considered feasible. 

This restored lake would be about 250 miles in eirciimference, with over 600 
miles of surface, and irrigate an immense area. It would grea^tly facilitate the re¬ 
demption of the marshes at the mouths of the Nile, and the constniction of a Cairo- 
Suez canal. 


4. On, Maps of Central Afriaa dotvn to tlie conufivencement the Seventeenth 
Geniurp By E. G. Ravbnstein, 

The author, having gone through the records of discovery" and exploration of 
Central Africa from the most remote period, stated that the anaps of the middle 
ages, which exhibited a well-developed system of lakes and rhers, were the out¬ 
come of a very clumsy combination of Ptolemy’s map, with the more recent reports 
of Portuguese explorers. These latter had done important work, and they were 
fairly well acquainted with the lower Congo, the lower Zambeal, and a considerable 
tract of territory inland, but no evidence of their ever laving* crossed Africa had 
hitherto been brought feuward. The expeditions of Fernando Gomez (1508), 
Gregorio Quadra (1521), and Rebello d’Arag5,o, of Santarem (1603), which aimed 
at that object, were cut short at the very outset. At the same time it appeared to 
he clear that native traders crossed the continent at this early date, for Portuguese 
manufactures reached Manica overland &oni Loanda. A casual reference to a 
journey of a missionary across Aft-ica, in a popular work on. oriental drugs, was 
not supported by other evidence. Had Ludolfus, the learned tuathor of ^ Etniopia,’ 
earned out his intention of compiling a map of the whole of Ahfica,he would with¬ 
out a doubt have produced a work far superior to the maps of the period, and 
secured himself a place by the side of such eminent cartograjAers as de LTsle and 
d’Anville. 


miDAT, AUGUST 29, 

The following Papers were read:— 

1, The remarhaUe Journey of the trained Indicm Entphrer A, K. on the 
Frontiers of India and Ghim. By TreIiAtoei Saendees. 

^ The work of this native scientific explorer, trained by the officers of the great 
trigonometrical survey of India, has thrown a light over regions on the Eastern 

3f2 



804 


KEPOKT —1884. 


froftfciei of India, partly traversed before by tbe French Fathers Hue and Gabet, by 
and Bogle, Turner, Nain Singh and Prejevalski, Besides this the explorer 
Krishna has penetrated into new regions, of which our only ideas were derived 
from d’Anville’s ‘Atlas de la Chine,’ containing the maps of Tibet derived from 
the surveys of Lama priests, made in continuation of the great Jesuit work under 
the orders of the famous Ihnperor Euenlun. It has been all along a most interest¬ 
ing feature of the researches of our native explorers in Tibet that they have in a 
remarkable degree confirmed these Tibetan surveys, allowing some little differences 
easily recognised. In the present case the explorer A. K., as he is designated, has 
struck an entirely new path with the most instructive and valuable results. Leaving 
PrejoTalaM’s route at a point near the sources of the Hoang-ho, he struck a river 
whichfc on placing a reduction of his work upon a reduction of the Lama survey on 
the same projection and scale, falls exactly, without any exaggeration, upon the 
course of the Murus TJsu, or upper waters of the great river Yang-tse-Kiang. 
Nevertheless, the conclusions adopted in Calcutta make this river to he the Yalung, 
one of ihe great affluents of the Yang-tse-Kiang. But it would be inconsistent 
with the limits of an abstract to enter upon forther details of the greatest interest 
with which this journey abounds. 


3. The First General Ge7z$tis of India. JBy Teelawnet Satjndees. 


The first census that has been made for all India was taken on February 17, 
1881. It is embodied in about twenty folio volumes, and the general abstract 
of thos^ volumes extends to three volumes folio, The author commences with 
a very brief de$cri^ion of the Pro^ces and States which form the Empire 
of British India. , The entire population enumerated on Febraaiy 17, 1881, is 
253,891,821* The area occupied by this large population is 1,882,624 square 
miles. The paper then proceeds to draw a comparison, extracted from the general 
report, between various parts of this large population and other countries of the 
world—chiefly European, As the occupied Indian house forms, as elsewhere, one 
of the bases of the return, the nature or the Indian house, especially in so far as it 
is distiagmshed from dwellings elsewhere, is described; the ordinary character of 
tlie furniture, tbe family arrar^ements, not only on European evidence, but on the 
evidence of a distinguished native as well, is entered upon. It is only doing justice 
to the nature of this vast work to refer to the headings of the tables comprehended 
in iha returns:— 


1, Area of Population. 

2, Movement of Population. 

5, Beligious Classification. 

4. Proportions of Sexes and Eeligioas 
Divisions. 

6, Condition of Populalion. 

“6. ^ndition and Age of Population 
by Eeligion and Province* 

7, Ages by Eeligion and Province. 
Languages. 


9. Birth-places. 

10. Education. 

11. Insanity. 

12. Blind People, 

13. Deaf Mutes, 

14. Lepers. 

15 and 16. Towns and Villages. 

17. Castes. 

18. Occupations, 


The reports in general are not merely a diy record of figures. They abound 
with mfoimarion oi the most interesting character concerning this grand division 
of the world, which stands second only in numbers to its still vaster neighbour the 
Ikap^ of China. 

The author intimated that he had received the instructions of the Secretary of 
Bt&te for India to present to one of the public libraries of the City of Montreal a 
this * General Eeport of the Census oi India’ in three volumes folio. It 
be nseM to add that a statistical abstract relating to British India is printed 
by command of Her Majesty the Queen, by Messrs. Eyre & Spottiswoode 
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3. North Borneo, Bij E, P. Goeritz, 

The author gave a general description of the territory under the government 
of the British North Borneo Company, ficom personal observations made during a 
residence of nearly three years, and from the official reports of Messrs. Pryer, Von 
Bonop, Frank Hatton, and AVitti. The territory lies between the, 116th and 
130th degrees of east longitude and the 4th and ?th parallels of north latitude, 
embracing an area of some 20,000 square mUes and a coast line of about 500 miles. 
A range of mountains, the general direction of which is north-east and south¬ 
west, forms a backbone through the heart of the countiy. Melaio attains an 
a'pjproximate height of 4,000 feet, Mentapok 7,000 feet, Trodan 8,000 feet, and 
Kina Balu 13,698 feet. From this range, and descending to the coast on either 
side*, are lesser ranges of hills, covered for the most ; 0 art with virgin forest, and 
interspersed with fertile plains watered by numerous livers. The coast, as a rule, 
is low and flat. It is, to a large extent, lined with the casuarina tree, broken by 
stretches of mangrove, and diversified by low sandstone cliffs or patches of forest 
reaching to the water s edge. The country is rich in harbours, tbe most impoiiant 
being daya, Ambong, and Usikan on the west coast, Kudat on the north, and 
Sandakan on the east. The principal rivers are the Kimanis, Papar, Putatan, 
Abai, and Tampasuk on tho west coast, Paitan and Sugut on the n>rth, and 
Sibueo and Kinabatangan on the east Most of these are navigable for steam^ 
launches of light draft, but the entrances are more or less barred. 

The products of the country include tobacco, sugar, gambier (the inspissated juice 
of the Tlncaria gamJnr)^ pepper^ tea, coffee, sago, gutta-percha, and camphor. The 
author describes the Gtomanton caves on the east coast, from which are obtained 
edible birds-neats to the annual value of 25,000 dols., and which contain an apparently 
inexhaustible store of guano, deposited both by birds and bats. The coal at 
present in use is procur^ om the Muara mines at the mouth of the Brunei river, 
but boring for workable deposits is being carried on within the territory of the 
Company., Traces of gold have been found, and samples of silver, cinnabar, 
antimony, and tin. Mother-of-pearl, beche-de-mer, and tortoisesheU are also 
obtainable. 

The fauna comprise a small ti’ee-tiger (Felis macroseelk) which is found in the 
interior^ deer of various kinds, wild pigs, wild cattle {Bos gaurm), and buffalo. 
On the east coast the elephant and rhinoceros are adso found. In the interior are 
many varieties of the monkey tribe, inclnding an orang-utan. Small black bears 
are occasionally met with. The tapir and the otter have been seen on tbe north 
coast. Squirrels of all shades abound. Amongst the snakes are found the cobra, 
python, and leaf-snake, hut the author has not known a single fatal case of snake¬ 
bite during a six years’ residence in Borneo. Crocodiles are numerous. The rivers 
Bud coast teem with fish. There are pigeons of many kinds, snipe, curlew, plover; 
the argus and Biilwer pheasant, and several species of partridge. 

The climate is said to be fairly healthy. The maximum monthly mean 
temperature during 1883 was 89*3, and the niinimum 75*1. The rainfall at Kudat 
for the year was 120*56. November, December, and January are the wettest 
months. 

^ The population is estimated at 150,000. The west coast is peopled by a 
mixture of Malays, Bajaus, and Ilanuns j on the north and east coasts Bajaus and 
Sulus are chiefly met with. Chinese, natives of India, and Arabs trade in most 
of the rivers, and the former are settling in considerable numbers. The aborigines 
who reside in the interior are called Dusuns, or Ida’an, They grow tobacco, 
cotton, rice, tapioca, yams, and Indian com for their own immediate consumption, 
and use ploughs and harrows which are supposed to have been introduced by the 
Chinese. Laws have recently been promulgated with a view to the gradual 
extinction of slavery. The experiment in colonisation now being made in British 
North Borneo is attentively watched by other nations who have interests in tbe 
Eastern seas. 
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4* Mount Boraima in Guiana, By Eyerard E. im Thurn, M.A, 

The author described a project which he has formed with a view to explore and 
if possible ascend Mount Roraima, an extraordinary table-mountain^ the most 
remarkable of a very remarkable group, ail of somewhat similar character, which 
stand in the sandstone region of Guiana in latitude 6® 9' 40'^ N. and longitude 
60® 48' W. The various attempts that have been made to acquire definite 
information concerning Boraima by a few enter|)rising travellers were enumerated, 
together wdth the obstacles they encountered. Although the district contains 
many streams, it is traversed by no large rivers such as would afibrd an easy 
waterway for the boats of travellers w^ho seek to penetrate it; while its many and 
abrupt mountains, and the scantiness of its population, render it no easy matter to 
traverse the district on foot. To sum up, it appears that the mountain has been 
examined at its southern and south-eastern points, and also at its eastern side; its 
northern end has been viewed from a distance; and along its western side a 
glimpse has been obtained from a point far to the south-west. The general, but 
not universal, opinion of those who have seen Boraima is that it is inaccessible, 
unless perhaps in a balloon. The author, however, doubts whether any traveller 
has yet had sufficient experience of the mountain to pronounce an authoritative 
decision, and the chief object of tbe projected journey is to acquire the necessary 
data from which to judge whether it is accessible or not. He proposes to examine 
the mountain as closely as possible on every side, and to make the ascent should 
circumstances permit. He wifi further examine and collect the flora and fauna, 
and investigate the condition of the little-known Arecoona Indians, in whose 
district Boraima lies. Such are the objects for file attainment of which the author 
has received the support of the Boyal Society and the Boyal Geographical Society, 
and for which he now seeks the support of the British Association, The route by 
which' he will endeavour to reach Boraima is to follow the course of the Pofaro, a 
new and as yet untried river, which rises at a point not very far distant from the 
mountain, and forms the famous Kaieteur Fall. Judging by the experience gained 
during two visits to the Fall, the author concludes that the requisite baggage must 
be carried by boat as far as the Kaieteur, and up to the higher level from which 
the river there frils. Thence he proposes to reach Chinebowie, a misrion-station at 
a distance of one and a half day’s journey, and proceed in boats to a point some two 
days further on, where, the Indians say, the Potato forms another fall, as yet 
unseen by white men, but which he hopes to pass in the same manner as Kaieteur, 
and proceed to the head of the Potaro, From that point, he is assured, a path 
leads to the head waters of the Cotinga river, where there are Indian settlements 
close under the shadow of Boraima. 


5. Ol^ect Lessons in Geography^ By E. G, Ravensteir, F,B,G,S. 

The author stated that the times when teachers of geography confined them¬ 
selves to making their pupils acquainted with barren lists of places were happily 
behind ns, as far as concerned the leading schools. Nevertheless much remained 
to be done until the teaching of that subject could be said to be carried on in a 
manner thoroughly satisfactory. 

He conceived it to be the object of our elementary" schools to make the pupils 
thoroi^hiy acquainted with the locality in which they lived, and advocated the 
extensive use of object lessons in order to attain that object.. 


SATUBDAT, AUGUST 30, 
The Section did not meet. 
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MONDAY, SEPTEMBER 1* 

Tke following Report and Papers were read;— 

1. Beport of the Gomirnttee for promoting the Survey of Eastern Palestine^ 

See Reports, p. 272. 

■2. Comparison of the GUmates of the Eastern and Western Semiepheress 
By Dr. J. Beaufort Huelbert. 

8, Some peculiar Sto^nns on the North American Continent, 

By Dr. J. Beaufort Huelbert, 


4. On Dominion Surveys, By Trelawkey SAUsruERg. 

The advent of the British Association appeared to the author to call for a notice 
of certain unscientific proceedings in the Dominion Surveys, In particular he 
alluded to the maintenance of an attempt devised in times of geodetic %norance in 
the United States, and adopted in the Dominion from that source, involving the 
application of a network of squares to the allotment of public lands for the purposes 
of sale. No doubt the idea of allotting land by the square mile, and divisions of 
the square mile, would naturaUy commend itself to surveyors trained in the 
management of estates and parishes. But such a method cannot be carried out 
over the surface of the earth to any considerable extent. It is only on the basis 
of meridians and parallels that rectangular intersections can be applied oyer a 
spherical surface of any great extent. The discrepancies and objections to the 
system of squares in the United States in time attracted the attention of the 
General Legislature of the United States, and in the opinion of the author it is to 
be regretted that the conclusion arrived at was a compromise contrary to science, 
providing a method of correction at certain intervals. So far from this compromise 
offering facilities for the uniform allotment of land, it is decidedly the reverse. 
There can be no diffculty in finding the area, in acres or otherwise, of any division, 
however large or however small, on the true geodetic basis of meridians and 
parallels; and a given area being once found between any two parallels, it is of 
course the same all around the sphere in the same belt and over siroilar limits. It is 
also to be observed that boimdaries defined under the system of squares, or on any 
other basis natural or even capricious, can be as easily delineated on the true basis as 
on the false one. There does not, indeed, appear to be any sufficient grounds for 
retaining the unscientific method now in vogue according to law in the United 
States, and adopted by law also in the Dominion from the example of the great 
independent Bnglish-speaking Republic. 

Notice was also called to the aspect of these allotment-naiaps. They are rather 
'registers than maps—re^sters, indeed, of the allotment-squares and compromise- 
spaces rather than maps of the natural features of the ground. Such true maps 
are, however, far from being altogether wanting, though the public seMom have 
access to such maps on a large'scale sufficient for the study of geo^aphers. 

The triangulation of both the Umted States and the Dominion of Canada 
appeared to the author to invite the attention o’f geodesists, but the subject was 
perhaps too technical for the present discussion. 


5. An Aiitomatio Sounder. By James Dillok, MJnsi,0,E, 

This apparatus, consisting of a bar attached to the side of the boat or steamer, 
which automatically registers the depth upon a dial to whicli its upper end in 
attached, was first explained at the York meeting of the Association. 
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6. On the British Oommercial Oeographical Society about to be founded on 
the proposal of Commander V. Lovett Cameron, 0*B. By Commander 
V. Lovett Cameeoit, G>B, 

In this paper the author, who has taken the initiative in forming the British 
Commercial Geographical Society, pointed out the growing necessity for strength¬ 
ening the bonds of union between England and the outlying portions of the 
British Empire in all parts of the world. He instanced the energy and enterprise 
of Prance in seeking at the present time every available opportunity to infuse a 
love for geographical knowledge in the rising generation destined to take part in 
"the commerce of their country. The knowledge stored in encyclopaedias, gazet¬ 
teers, sailing-directions, consular reports, and other official and non-official 
documents needs digesting, arranging, and indexing to be rendered available for 
every-day use in a great commercial centre like London, where business men with 
little loss of time can infoim themselves with the least possible delay on all matters’ 
which concern tiiem in their daily avocations. The author set forth the objects of 
the society, which has already met with the approval of those who have given the 
subject their consideration, and felt convinced that no time should be lost in 
repairing an omission in our system of commerce, or rather in meeting a necessity 
which has sprung up, through the increasing competition of our neighbours, in 
markets until recently almost exclusively supplied with British products. 


TUBSBAY, SEPTBMBBR 2. 

The foEowing Papers were read:— 

1. Arctic Experiences at Point Barrow. By Lieutenant P. H. Bay, U.S.A. 

author made an excursion in 1883 for a distance of 160 miles to the south 
of his winter quarters, near Point Barrow, in the course of which he struck the 
3fead river sixty miles above its source, and followed up its course until he came in 
sight of a range of mountains trending N.W. and S.B. Speaking of the results of 
his meteorological observations, he stated that he was satisfied that there was no* 
open polar sea, from the fact that the temperature of the sea water is unvarying 
from the time the sea closes in October untu it opens in July, which could not well 
be the case if there was a large body of warm water lying around the pole. 


2. Eeceni Discoveries in Northern Greenland and in Grinnell Land. 

By Lieutenant A. W. Greely, USA . 

The geographical work of the Lady Erankiin Bay Expedition covers nearly 
three degrees of latitude and over forty degrees of longitude. Starting from 
-latitude 81® 44', longitude 64° 45', Lieutenant Lockwood reached, May 18,1882, 
•on flie north coast of Greenland, latitude 83° 24', longitude 40° 46'. Prom the 
same starting-point he reached, to the south-west, in May 1883, in Greely Piord, 
inlet of^ me western polar ocean, latitude 80® 48', "longitude 78® 26' The 
journey to the northward resulted in the addition to our charts of a new coast- 
dine of nearly one hundred miles beyond the farthest point seen by Lieutenant 
^Beaumont, of the Royal Pfavy* It also carried Greenland over forty miles north¬ 
ward, giving that pntinent a much greater extension in that direction than it has 
generally been credited with. The farthest point seen on the Greenland coast was esti¬ 
mated to be about iaiitude 83° 35', longitude 38®. There were no indications that the 
; point seen was the northern termination of Greenland. The newly-discovered 

many respects that of southern Greenland. The mainland was 
1 l^iiany deep fiords, with numerous outlying islands. The interior of the 
^^fenn an elevation of some 2,000 feet, consisted of confused masses 
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of mountains either eternally snow-clad, or covered with an ice-cap. The fiords 
presented to the eye nothing hut hroad, level expanses of snow and ice, being 
devoid of any marked ice-foot, fioe-hergs, pressed-up hummocks, or any other indii- 
cations tending to prove their direct connection with the Spitzhergen sea. In 
general the immediate coast was high, ragged, and precipitous. The formation was 
very like that around Discovery Harhoiir, schistose slate with a sprinkling of 
quartz. Vegetation resembled closely that of Grinnell Land; among specimens- 
brought back, the Arctic poppy and several saxifrages were identified. Above the 
eighty-third parallel traces of the polar bear, the lemming, and the Arctic fox were* 
seen, and a hare and a ptarmigan killed. At the farthest north a snow bunting was 
heard. A remarkable fact noted was the existence of a tidal crack—so called for 
lack of better name—which extended from Cape Bryant along the entire coast, run- 
ning across the various fiords in a direct line, from headland to headland, and varying 
from one yard to several hundred yards in width. Inside the crack the rough'anci 
hummocky ice was but rarely seen, while outside prevailed the paleocrystic ice- 
over which Commander Markham struggled so manfully and successfully in his 
wonderful jomney of 1876, Midway between Capes May and Britannia a sounding 
was made, hut no bottom found at 1,800 feet: apparently no current existed. It 
may be well to state that the latitude of the farthest north—^Lockw'ood Island— 
was determined by a set of circum-meridian and sub-polar observations, which 
were reduced by Gauss’s method. The latitude of Cape Britannia and several 
other points was determined by circum-meridian observations. It afiTords the author- 
pleasure to testify to the accuracy of Lieutenant Beaumont’s maps. The only 
correction made places Cape Britannia a few miles south and Cape May a few miles 
west of their assigned positions. These points w-ere located by Lieutenant Beau¬ 
mont from bearings, and bis comparative exactness was remarkable considering the 
disadvantages under which he laboured. 

Tbe author then continues the account of his exploration as follows:— 

^ The journeys made by Lieutenant Lockwood and myself across Grinnell Land^ 
and into its interior, revealed striking and peculiar physical conditions which have 
been hitherto unsuspected. Between the heads of Archer and Greely fiords, a, 
distance of some seventy miles, stretches the perpendicular front of an immense- 
ice-cap, which follows closely from east to west the eighty-first parallel. Its- 
average height was not less ttan 150 feet. The undulations of tbe surface of the 
ice conformed closely to the configuration of the countiy, so that the variations in 
the thickness of the ice-cap were inconsiderable. In about sixty miles but two* 
places were found w^bere slope and face were so modified as to render an ascent of* 
tbe ice possible. This ice-cap extending southward, covers Grinnell Land almost 
entirely from the eighty-first parallel to Hayes Sound, and from Kennedy Channel 
westward to Greely Fiord and the polar ocean. The glacier discharging into^ 
Dobbin Bay is but an ofisboot of this ice-cap, and without doubt glaciers are to be 
found at the head of every considerable valley debouching into Richardson,Scoresby, 
or other hays. Several valleys which were visited during the retreat southward 
displayed at their entrances evident signs of such occupancy in the past. Li July 
I was fortunate enough to ascend Mount Arthur, the summit of which is 4,500' 
feet above the sea. The day was very clear. To the northward of the Garfield 
Range a similar ice-cap appeared to view, from which extensive glaciers were |)ro* 
ject^ through every mountain gap. One of these, the Henrietta NTasmith glacier,, 
had been visited by me the preceding April, and was found to have a perpen^cular 
face of about 200 feet; it discharged into a small bay. A part of Lake Hazelginman,, 
Abb4, and other glaciers feed ^streams which empty into that lake. Similarly, 
glaciers were found at tbe bead of rivers discharging into Saint Patrick, Lincoln, and 
Basil Norris Bays, and Discovery Harbour. From these indications I estimate the 
northern ice-cap of Grinnell Land as not far from 6,000 miles in area. Its 
southern limit closely coincides with the eighty-second parallel. Tbe country 
between the eighty-first and eighty-seeond parallels, extending from Kennedy and 
Robeson Channels to the western polar ocean, was found in July to be entirely free 
from snow, except on the very backbone. In over 150 miles’ travel ip to the interior 
my foot never touched snow. 
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^ Vegetation abounded, being exceedingly luxuriant as compared with Cap© 
Hawlcs, Oape Sabine, or other points farther south visited by me. I)ead^ willow 
was found in such abundance as to serve for fuel, and in more than one instance 
willow, saxifrages, grasses, and other plants grew in such profusion as to completely 
-cover large tracts of ground. These valleys afford excellent pasturage for musk 
cattle, which, feeding towards the seacoast dming summer, withdraw to the interior 
as winter advances. I frequently noted evidences of the recent elevation above 
the sea of the region now free from keycap; such indications consisted of raised 
beaches, marine shells, and driftwood. At one place the trunks of two large coni- 
ferous trees were found in such state of preservation as to allow of their use as fuel. 
It seems probable that the two ice-caps were originally united. It is certain that 
both the northern and sotithern ice-caps have recently retreated, even if such pro¬ 
cess is not going on now. Along the front of the southern ice were found many 
small glaciS lakes and moraines. To the north)^ lake Hazen, for some fifty miles, 
borders the ice-cap. In front of Henrietta Nasmith glacier there ■ were three parallel 
moraines between the face of the glacier and the main lake. 

^ At the junction of Lake Hazen and E-uggles Eiver, I discovered the remains of 
permanent Esquimo huts—many relies were obtained at that place, and at various 
points along the southern shore of Lake Hazen; but no traces of any kind were 
found on the northern shore of the lake. It is perhaps worthy of remark that the 
reindeer, which must have been plentiful in that country, have entirely disappeared, 
having either migrated or become extinct. In connection with^ the line of per¬ 
petual snow, I may state that on Mount Arthur it was not far 'from 3,500 feet 
^bove the sea. From barometrical measurements, it appeared that , the crest of 
Orinnell Laid was of about 2,500 feet elevation in front of the southmm' icfe^Cap, and 
3,000 feet near 3Iount Arthur. ^ ^ > 

^ITour indulgence is asked for any imperfections in these notes. Strength has 
failed for their' elaboration, and my memory has necessarily served me ia their 
preparation, as ah records and journals are on file in Washin^on/ 


3. A Search in British Korth America for lost Colonies of Northmen 
and Portuguese,^ By E. G. Halibtjrton, 

The paper dealt first with Vinland the Good (a.i>. 994), which Banish and 
American writers have placed as far south as Ehode Island. They have treated 
the Norse poems or Sagas wMch refer to this subject as truthful narratives. Only 
•one of them can claim any weight, and that is the Saga of Eric the Bed, wriiten in 
Greenland, The significant fact has escaped attention that Eric was a murderer, 
who fied to Iceland, whence he was soon after hamshed and outlawed for another 
murder. He therefore sailed west to a land the existence of which was known to 
the Northmen; and though covered with snow it was called by him Greenland, 
because, said he, ^ people will be attracted to the country if it has a good name.^ 
’Some time after he was induced by rumours of a still more western country to sail 
to it; but the fact of Ms horse stumbling and throwing Mm when on his way to 
the ship was a had omen. He therefore let his son Leif go without Mm; ; hut he 
probably had a name all ready, one even more taking with emigrants than Green¬ 
land, and that was Vinland the Good. 

Late, Danish authorities fix the latitude of Vinland by the length of the shortest 
day there, and make it that of Greenland or Newfoundland. The Eskimo were 
then, as now, the inhabitants of Labrador, and were apparently the only natives 
known to the Northmen. The geographical notices appended to BafMs great 
work all agree together in pointing to a country situated like N^ewfoundland. 
Grapes, too, are found on the west coast of that island, Cana^an yacht-owners 
dboind cruise along it, and try to discover traces of Vinland, which, if found, must 
be a v4rj different country from what Ikic or his bard has pictured it. 

^ ^ Ms family have been connected with two puzzling problems, for it was 

daughters and, his sons-in-law and daughters-in-law that found or 

* Foblished in Pm*. vol. vii. Ko. 1: 
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visited Yinland. When we can discover Greenland’s verdant mountains, we can 
also hope to find the vineclad hills of Vinland the Good. 

The paper then drew attention to a remarkable fact which is new to historians, 
that the eastern parts of British North America once formed part of the earliest 
European Colony in the New World. Documents were quoted that have-been 
within the past year published by the Portuguese, which show that from A.3>. 1500 
to 1579, commissions were regularly issued to the Oorte Beals and their successors. 
In 1580 Spain annexed Portugal. Last winter was spent by the writer in the 
Azores, whence two expeditions sailed to colonise Cape Breton, a.I). 1521 and 
1567, which probably made settlements at St. Peter’s and Ingonishe. When 
Spain became the o'wner of Terra Nova, she sent a colony thither, which the 
writer traced to Spanish Harbour (Sydney) Cape Breton. He also showed that a 
commission issued in 1521 to Eagundes, as governor of all the country between the 
Spanish territories and the Land of the Oorte Beals. The latter colony was 
thirteen years earlier than any other in the New World, and the settlement in 1621 
was the earliest in North America. It was nearly a century before the French 
colonised Cape Breton. Cape Bace (Caho Base ^ bare cape ’), the Bay of Funday 
(Fonda ^ deep and many other names are memorials of a lost colony which existed 
for almost a century. History has been hitherto silent as to it. 


4. Note stir quelques hassim liydrograjpJiiques du Dominion Orieyital, 

By the Eev. Abbe J. C. Laflamme, AM. 

The author first rendered some account of his own explorations in the basin of 
Lake St. John, and then spoke of the Mstassini Lake, only quite recently dis¬ 
covered, in the interior of Labrador, and the superior of the Ontario in size. 


5. On SurvBys offhe Dominicni Lands — North-Western Territories of . 

Canada. By Lindsay Etjssell. 

The principal topics treated in this paper were:— 

L The relevancy of these surveys to tiie objects of Section E, in that to them—^ 
as th^y progress—is largely due the attainment of accurate knowledge of the details 
of topography of an almost continental area. 

2. A notice of what the general cartography of these regions owes to indi¬ 
vidual explorers and scientists who had previously traversed them—^Sir Alexander 
Mackenzie, Dease and Simpson Back, Franklin, Bichardson—general geogi^aphyj 
later, in topographical and scientific surveys, to Sir J. H, Lefroy, Sir John ralliser, 
Dr, Hector, and the Eev, Abb4 PeUitot in his mapping of his explorations in the 
northern basin of the Mackenzie. 

3. A short exposition of the system in which Dominion lands are laid out into 
townships, sections, and quarter-sections—^the latter being the unit of individual 
holdings—^preceded by a hiief explanation of the circumstances under which these 
hitherto unsurveyed and almost unmapped regions came under the administration 
■of the Canadian Government, and the consequent necessity that arose for rapid 
survey of vast areas into these subdivisional units for agricultural occupation. 

4. A technical description of processes of survey and of instruments used.. The 
difficulties encountered in securing—within restricting limits of reasonable ex¬ 
penditure—adequate check upon unavoi^ble accumulation of error, in a system 
which eondsts of a continual building or adding on of figures, the contours of 
which are established by linear measurement under circumstances that unavoidably 
entail but a very moderate approximation to accuracy. The following are the 
checks adopted:— 

(«) Checks by astronomically-determined latitudes: number of latitude stations 
so determined: instruments used. Comparatively unsatisfactory result of these as 
checks bn account of relative]^ large local deviations of the vertical met with. 
Witness those recorded on the &irvey of the International Boundary by the joint 
H,S.A. and Impenal Commission. ’ 
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(b) Checks by telegraphic longitudes. It is but very recently that lines have 
been constructed admitting of these, the only application, so far, of the method 
having been that in which the position in longitude of the first initial meridian 
was fixed by conjoint operation of the Eoyal Engineers engaged in the boundaij 
survey at Eembina and the ^ reader ’ at Chicago, used as a datum point. It is 
intended to apply the method where serviceable, now that means of doing so are 
beginning to be available* 

5. CaHography .—An account of several maps, of detail maps, and of processes 
of multiplying copies. 

6. A statement of the area surveyed in a season, and of the total area surveyed 
to present time. 


6. On the former Connection between North America and the Nastern side 
of the Atlantic, By Professor W. Boyd Dawkins, M.A.^ F,R8, 

The former connection of North America with Greenland, Iceland, and North- 
Western Europe, is most conclusively proved by the distribution of the fossil- 
plants and animals in the remote geological past—in the eocene and miocene ages. 

The magnolia, for example, is a form which was abundant in the eocene forests 
of Europe and the far north of America. The- sequoia, too, now conned to the 
slopes of the Sierra Nevada, may he quoted as an example of the vegetation common 
to North America and to Europe; as well as the fox-grape. The common sensitive 
fern so usually found in this region of Canada occurs, buried under sheetis of basalt, 
in the island of Mull. The Juipidosteus of the American rivers was living in the 
eocene rivers of the south of England. Among the higher mammaha common 
to both^ may be quoted the Coryphodon, The route by which these animals 
arrived is shown by the soundings. The tract of comparatively shaliow 
water which ranges from Greenland past Iceland to the Faroes and Northern Scot¬ 
land, and isolates the deep waters of the Arctic Sea from the depths of the 
Atlanric, formed the bridge across wMeh the migration took place, the 500-fathom 
line representing approximately the Ime of the ancient shores. This barrier became 
submerged during the stupendous geographical changes which took place at the 
close of the miocene age. Then, for the first time, were the Arctic waters united 
with the Atlantic, and Arctic shells gradually found their way southwards into 
the area of the British Isles. 


7. On Charles Winneche^s Bmploraiions in Central Australia^ with Notes on 
the Bmpl&ymeni of Camels, By J. S. O’Hajdloean, F,B,Q,S. 

The author gave a brief account of an adventurous journey through an unknown 
region ly^g between the Overland telegraph and Queensland, by collating Mi', 
Charles Winnecke^s diary, which has been laid before the South Australian Legis¬ 
lature. The members of the Association having had the privilege of listening to a 
stirring description of the perils encountered by the heroes of the Arctic, it seemed 
appropriate that the meetings of this section should close with a reference to the 
hardships braved by one of those who followed in the track of men who have laboured 
to throw light on the unexplored interior of the great island continent of Australia. 

, Havmg furnished a broad outline of the physical features of the^ interior of 
Australia, the author stated that the introduction of the camel rendered possible 
the journeys of many explorers, who without such aid could hardly have survived 
the sufferings involved by traversing the tracts of arid, inhospitable country which 
too fi^uenfiy occurred. ^ 

Mr. Winneckels party stoted on August 10,1883, fiom the Oowarie station oq 
^the Warhurton Biver, attained its * furthest ’ on the Field Eiver, in lat, 22^ 50', 

S ^turned to Beltana on December 2. About 400 miles of new country had 
traverse, 40,000 square miles of new land had been sketched, and a collection 
i^ts fopnd in Central Australia between iat. 22® 30^ and B., and long. 136° 30' 

bad been examined and classified by Baron Ferdinand von Mueller. 
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Section F,-~EC01^'0MI0 SCIEl^CE AND STATISTICS. 

PRESiDEisrE OF THE SECTION—Sir B. Templb, Bart., G.O.SJ., CI.E., D.C.L., 

LL.D., E.B.G.S. 


THURSDAY, AUGUST 28. 

The Pebsident delivered the following Address:— 

The General Statistics of the British Bnipire. 

The subject chosen for this address is that of the General Statistics of the 
British Empire. It will, I ho^, be deemed appropriate for the meeting which is 
held in one of the fairest colonies which this empire contains. Though statistics 
are fallible, yet the collation and presentation of them must be regarded as 
essential to political and economic knowledge. Indeed they are, figuratively, the 
backbone of information, and without them our knowledge would be invertebrate. 
Owing to the variety of sources from which the facts have to he drawn for an 
empire that is spread over the world, and owing to the magnitude of the figures 
which have to be produced, it will frequently be necessary to state the totals 
approximately and in^ round numbers. Again, owing to the largeness of the 
subject and the limitation of space, it wiU be impossible to do more than state the 
principal facts in the form of an abstract. 

Our statistics then ^ill be grouped under the following headings:—• 

I. The area consisting of widely extended regions, 
n. The inhabitants of these many lands. 

ID. The works of man as they are displayed in this vast theatre of action. 
First, then, the area of the British Empire may he set down at 8,650,000, or 
more than 8|- millions, of square miles. This area includes the countries which are 
directly reco^ised as the component parts of the empire in Europe, in the East 
and West Indies, in Australia, in North America, in South Africa, and the 
possessions scattered among nearly all the regions in the world. Out of this total 
there am only 120,000 square miles in the United Eingdom. Then there are 
million of square miles in India, and the remainder, or 7 millions, belong to 
the Colonies, and to the scattered possesions. 

But there are other regions which, though not belonging to the empire, have 
yet fall^ or are falling under its political control more or less, such as Egypt, 
-.some districts in Southern Arabia, a part of Borneo, Zululand, the Transvaal, 
Afghanistan, Beluchistan, and a part of New Guinea. The area of these 
ad(fitional regions may be set down approximatively at 1,108,000, or about one 
million of square miles, and this figure is probably somewhat below the reality. 
Thus the total area, directly or indirectly under the authority of the BritiSi 
Crown, .may he taken at nearly 10 millions of square miles, or about one-fifth 
of the 60 millions of square miles composing the habitable globe. 

The dimensions of this imperial area nave been ascertained by professional 
surveys; of which the progress has kept pace with the expansion of the empire. 
Out of the grand toti not less than 2| nullions of square miles have been 
topographically surveyed, and of this nearly ail has been surveyed minutely field 
by field. This cadastral survey, presenting the details of every field for a vast 
area, is to Im reckoned among the largest operations ever known in the annals ot 
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administration. The remainder lias lieen (for the -most part) either partially 
surveyed or partially explored. A small portion, however, remains but im¬ 
perfectly explored, or else almost unexplored. 

As might be expected in an empire whereof the real basis of power is 
maritime, the coast Ime is of an extraordinary length, to he measured hy about 
28,600 miles, with 48 large harbours; for the whole of this length marine surveys 
have been prepared. 

In an empire which lies on both sides of the Equator, and is scattered over 
both hemispheres, there are varieties of climate touching the extremes of heat and 
cold. Of the whole about one-sixth is within the tropics, one-third in the 
antipodes, one-third in North America, and the remaining one-sixth in the 
temperate zone of Europe and Asia. 

But greatness does not depend on area alone, and there is a vast range in the 
scale of value for lands. For instance, it has been computed that the average 
letting value of land in the interior of England is several hundred times as great 
as that in the interior of Siberia. So in the British Empire there are wide tracts, 
which may he important politically and prospectively, but of which the value 
cannot be measured hy a statistical test. Out of the 10 millions of square miles, 
hardly one-fifth is cultivated or occupied in the widest use of the term occupation. 
The area, however, which is capable of being brought under cultivation, and of 
sustaining the future increase of population, must he regarded as enormous. It is 
chiefly in Australia and Canada, in which two divisions it may he reckoned at 
upwards of 2 millions of square miles, enough at the lowest computation to 
support 200 millions of souls. Even in India, which is popularly, though not 
qinte correctly, supposed to he thickly populated, the cultivable waste is not less 
than a quarter of a million of square miles. Then there is a residue which is un- 
cnltivahle waste, and of which the dimensions cannot be precisely measured. It 
consists of mountains and forests, witii some desert, in the heart of Australia. 
These mountains are among the greatest ranges in the world. The forests are very 
extensive, and their extent cannot he precisely stated. They are infinitely various 
both in respect of value and of condition; some being poor or half destroyed, 
others being rich and well preserved. ^ But there are in the empire about 100,000 
square miles of forests which are hemg form«dly and professionally preserved to 
become a mighty source of national wealth. 

In the second place, respecting the inhabitants, the total population amounts to 
.306 millions of sotils in those regions which are included directly in the empire. 
If the countries already mentioned as more or less under poHtical control were to 
he included, then about 10 millions more would have to he added, bringing up the 
total to 816 miHions. 

This mass of humanity is composed of many diverse nationalities, among 
whom the pnmary distinction is that of race* There are 45 millions of the fair 
races; among these about 89 millions are Anglo-Saxons, including German 
colonists. Three and a half millions are Celtic (mainly Insh), 1^ million are 
French Canadians, half a million are Butch in South x^Lfrica; and there are a certain 
number belonging together nationalities, Scandinavians, Swiss, Greeks; but there 
are few from the Latin race in the South of Europe, and hardly any Eussians. 

Again, of the 315 millions, ethnically there are 45 millions of the fair or 
Caucatian race, 254 of the Aryan, and 5 of the Mongolian, the remainder belonging 
to aborigmal races. 

A cardinal distinction between the several nationalities is that of religion. 
ChristianHy,the rel^on of the dominant race, is professed by somewhat more than 
the 45 millions of the fair races above mentionea, but the total can hardly exceed 
46 millions out of the 315 millions, that is, one-seventh of the whole. The 
religion which includes the largest number is EOnduism. There are 188 millions 
, of Bindus, and it may indeed be said that the whole Hindu race is subject to the 
British crown. The Hindus then form more than a half of the total population 

the empire. Under the generic name of Hindu, however, there are counted 
of Brahmos, who are really Theists, and there are 3 millions of 
^ains, closely connected with Hinduism. 
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Then there are 50 millions of Muhammadans under the British crown in India^ 
and there are 10 millions more in the Muhammadan countries connected with the 
British Empire: in all 60 millions. This number exceeds the number of the 
Muhammadans belonging to any of the Muhammadan States, such as Turkey, or 
Persia, and in fact comprise half the Muhammadan world. 

The number of Buddhists is not considerable, amounting to about 7,000,000^ 
chiefly in Burmah and Oeylon, with some Chinese in Australia and other divisions 
of the empire. Then there is a small remainder, about 7,000,000, consisting of 
Pagans chiefly, the Aborigines of the East Indies, including also the North American 
Indians, the Australasian natives, and the African tribes of the Cape. 

In the United Kingdom the proportion of urban to rural population is large,, 
being more than one-half already, and likely to increase to two-thirds. In England 
especially, the maj ority of the people dwell in towns. At present a similar tendency 
is observable in Australia, where the people are mainly urban. But in the rest of 
the empire the mass of the population is rural, a certain percentage only being 
urban. In India, especially, it is to be remarked that nine-tenths of the people are 
in villages, leaving one-tenth only for the towns. 

If the total population were spread over the total area of the empire, the average 
would amount to only 33 persons to the square mile, which suggests a wonderful' 
sparseness of population in a wealthy and prosperous empire. The sparseness arises 
from the inclusion in the empire of tracts, either uninhabited or hut slightly 
inhabited, such as the Himalayas, the rii^d regions in the north of Canada, a 
part of the Kocky Mountains, and tbe arid desert in the heart of Australia. In¬ 
deed it were almost idle to reckon the average of the population in the total area 
in the Dominion of Canada, or in Australia. Even in India the general average 
amounts to only 184 to the square mile, nevertheless India contains some of the 
most densely peopled districts in the world. In some Indian provinces a popula¬ 
tion to be counted by tens of millions, average from 300 to 400 the square mile,, 
and in some Indian districts, with a population to be counted by some millions, the 
average rises to 800, even to 900 on the square mile. As is well known, England 
(as separate from Wales, Scotland, and Ireland) is the only part of the empire 
which is densely peopled throughout, its average per square mile, 485 soids, being 
almost exactly the same as that of Belgium, the most densely peopled part of the 
Continent of Europe. t 

Heretofore under the first two headings we may have wondered at the smallness 
of the proportion which the United Kingdom bears to the empire in respect of 
area and population. Under the next or third heading we shall be constrained to 
admire the largeness of the proportion which the United Kingdom bears to the 
empire in respect of wealth, commerce, and resomces. The third and last heading 
then relates to the works of man, his riches and power, his industrial and com¬ 
mercial operations. 

One among the primary tests of national resom*ces is the public revenue. 

The annual revenue and receipts collected in the British empire for the general 
government or administration amounts to 203,000,000 sterling annually. Oftliis 
mighty sum, 89,000,000 pertain to the United Kingdom, 74,000,000 to India, and 
40,000,000 to the Colonies, and the Dependencies. This includes Brit^h territories 
only, and not the Native States of India, nor the countries politically connected 
with the empire. If that could be added, however, the addition would not be very 
material to so great a total as that above shown. 

The revenue which is raised indirectly from the consumer is less felt than that 
which is levied directly from the tax-payer. It may therefore be well to observe 
that of the 203,000,000 not more than one-fourth (or 50,000,000) is obtained from 
direct taxation, land tax, properly tax, and tbe like, the remainder being obtained 
from customs, excise, and other sources of indirect taxation. 

But besides the general government and administration, there is a large revenue 
received throughout the empire for local pmqjoses. This income (includ^ various 
receipts but excluding loans) amounts to hardly less than 61,000,000 sterling yearly, 
of which 49,500,000 heloi^ to the United Kongdom, and 5,000,000 to India; the 
greater part of this is levied by direct taxation. 
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Iimsmucli as tlie payer feels the payment whether the money be applied to 
oeneral or to local purposes, it is but just to add together the two great heads of 
imperial and local revenue. Thus the total of 203 and 61 millions amounts to 
264 millions sterling annually, truly an amazing amount at first sight, the like of 
which has never yet been imagined. Still the sum is not apparently high for the 
total population/amounting to 1^. 5s. 4£?. per head per anniim.^ But the average 
incidence varies greatly, being 4/. 7s. M. per head in the United Kingdom, 
2^. 14s. Id. per head in the Colonies and Dependencies, and only 7s. lid. in 
India. 

Another test of power relates to the provision for external defence and 
internal protection—in other words, to armies, auxiliary forces, and organised 
police, to na\ies and marine. 

Now the men trained to arms in the British Empire may be stated at 850,000, 
including the regular British forces at home and abroad, the militia, and volunteers 
in the United Kingdom, and in the Colonies, the British Nati^ e forces in India, 
and other countries. This includes lOjOOO Egyptian troops under a British 
general, but excludes the forces of tho Native States of India, and of the other 
countries politically connected with the empire. If, however, the forces of the 
Native States of India were to be added (and they are generally available for 
imperial purposes), then the total of 850,000 would be raised to nearly a 
million. 

Thus the men under arms, or effectively trained to arms, are in number more 
than three-quarters of a million, and under the last-named computation would amount 
to nearly a million. This number represents those who are really serving, or who 
are in receipt of allowances, or are actually called out from time to time—and not 
those who are liable to be summoned in event of emergency. This actual total 
will bear comparison numerically with the standing armies of the martial empires 
now in the world, though there may he an important difiTerence in respect to 
military organisation. But the total is very small in comparison with the size of 
the Briti^ Empire, representing only one soldier to every 10 square miles, and to 
every 376 of the population. Thus the military forces of the British Empire, 
taken at the outside figure, are much smaller relatively to the territory and the 
people than those of any other great State, excepling only the United States of 
America. There remains, too, the cardinal fact that the British military forces 
are raised entirely by voluntary enlistment, a circumstance almost unique in the 
military arrangements of the present age- 

Of the total strength 860,000, about 160,000 are soldiers of the dark or 
coloured races, and the remainder, or 700,000, are of the fair or dominant race. 
But if the total of a million he taken, then it may be said that 300,000 are of the 
dark races, and 700,000 of the fair or dominant race. These proportions are 
satisfactory in respect to the safety of the empire. 

The defensive armaments of the empire by sea and land cost 41 millions 
sterling annually, or 20 per cent, of the total of revenue and receipts, which pro¬ 
portion is less than that shown by any great State in the world, except the 
United States. If the expenditure be compared with the whole population of the 
empire, then it amounts to less than four shillings a head, which (always with 
tthe exception of the United States) is the cheapest rate to be found in any great 
State of the world. 

Subsidiary to external defence is that internal protection which a police force 
secures. Now the police force of the British Empire, metropolitan, municipal, 
and rural together, is in numbem about 210,000. Of this total, 51,000 are in the 
United Kingdom, and 147,000 in India, the remainder being in the Colonies and 
Dependencies. It may be a question whether there should be added to this total 
tbe number of village police in India, who are paid not by the State, but by 
Tiling cesses, and who axe legally recognised. Their number is not exactly l^own, 
but is not less than 350,000, and this addition would bring the grand total of the 
police for the empire up to 560,000. 

» *tbis ratio includes the British subjects only, and not the Native States under 
coatroh 
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Thus we have for the whole empire an average of one policeman to every 571 
of the people, and to every 16 square miles. 

It is never to be forgotten that one of the main reasons why the British Empire 
is able to keep its land forces at a comparatively low scale, is its preponderance 
at sea. Owing to the astonishing difference of power between the different kinds 
of ships, and in the preparedness of ships to put to sea and fight, the difficulty of 
exhibiting the strength of a navy hy figures is becoming greater and greater. 

The predominance which we hope to find in the British navy wiU hardly be 
shown by the enumeration of ships. With this caution, however, it may be stated 
that there are 246 British war vessels afioat, or in commission, of which 72 are 
sailing ships, and 174 have steam power. There are now 63 ironclads, either com¬ 
plete or nearly complete. The number of officers and men amounts to 57,000. 
The number of ironclads ready for action at the shortest notice is now 44, of 
w’hich 25 are at sea. These facts will probably he found to indicate a naval pre¬ 
paredness fit to cope with such foreign combinations as could reasonably be antici- 
pated. 

In respect to mercantile shipping a statistical exposition is more applicable. 
The British merchant navy consists of 30,000 ships, with millions of tons, 
manned by 270,000 sailors. The seagoing tonnage under the British flag amounts 
to 3 millions of tons in steamers, and 5J millions of tons in sailing vessels- Now 
under the flags of other nations there are 2^ millions of tons in steamers and 9J 
millions in sailing vessels. In other words, file British Empire surpasses all other 
nations together in respect of steamers, and nearly equals them in respect of sailing 
vessels. In respect of carrying power in the world by sea, 49 per cent, belongs 
to the British Empire, and 51 per cent, to other nations. Again, out of 55,000 
ships in the world over 100 tons, 21,000 are British. The comparison remains in 
similar terms in respect to the earnings of shipping. Out of 129 millions of tons 
earned yearly by the shipping of the world, 63 millions are under the British flag. 
Out of *133 million pounds sterling earned fi*om freight and passengers by tbe ships 
of the world, 73 millions are earned hy British ships. A similar proportion is 
shown by the port entries of the world, represented yearly by 125,000 tons, of 
which 57,000 (or nearly half) pertain to the British Empire. 

In shipbuilding the proportion is still more favourable to the British Empire. 
Out of 1,800,000 tons built annually, 1,200,000 axe built in Great Britain. 

The total trade of the British Empire cannot be exhibited statistically because 
the component parts of the empire are separated by oceans. Consequently, much 
of the trade is between these parts, and it would be meaningless to sum up the 
several items into one grand total. 

Still it is well to summarise the separate items, each of which is a mighty 
factor in the prosperity of the empire. As is well known, then, the United 
Kingdom in 1882 exported 241 millions sterling worth of British produce -with 65 
millions worth of foreign and colonial produce, and imported 413 millions; the 
total value of the trade being thus 719 millions sterling. The ocean-borne trade 
of India is valued at 143 millions sterling annually, that of the Colonies and 
dependencies amounts to 302 millions; truly an astonishing amgunt in comparison 
with their population. 

If the aliquot parts of the trade of the principal nations be computed, then 
ab'vut one-fiffch, or 21 per cent, of the whole, belongs to the United Kingdom, and 
13 per cent, to the Colonies and dependencies. Thus 34 per cent, or one-third of 
the world’s commerce, pertains to the British Empire. 

The ratio of seaborne commerce per inhabitant yearly is 20/. in tbe United 
Kingdom, 31/. in Australia, 9/. in Canada, and 6/. in the United States. In Europe 
the British ratio is exceeded in Holland and equalled by Belgium, but in other 
European countries the ratio is far less. 

In respect to hanking, the United Kingdom is known to be the busiest on 
earth, and transacts one-third of the business of the world. The total of capital 
and deposits used in the banking of all nations amounts to 2,508 millions sterling, 
of ‘which no less than 965 millions belong to the British Empire, representing a 
proportion of 39 per cent. But there is a considerable amount of capital employed 
1884. 3 Q 
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‘by tibe native baniara of India, amounling* to many millions sterliag, of wlncb tlie 
sum cannot be pieciaely stated. On tbe whole it seems that consicle:iably more 
than one-third of tho banking business of the world is done within tfctie British 
Empire. The same pyoportionis shown by the sum total of capital and deposits 
of the banke» Eroot this it follows that the average per inhabitant h the United 
Ip-ngdom is 2$?,, the average for the Continent of Europe being 4Z, md that of 
the United States “bewg lOl. The only country to be compared witi the United 
Eingdom is Australia,, where the average is SOI 

The manufacturos of the United lungdom are valued at 818 millions sterling 
annually. Those of the Colonies are estitnated at 59 millions. The \ due of the 
Indian manufacimes cannot be stated, but must be large. The sig nificance of 
this will be understood from the fact that a similar total for the Tss.tof Europe 
gives 2,600 millions. In general terms it may be stated that British m mufacture^ 
form one-third of those for all Europe put together. The great competitor is of 
course the United States, where the valueu that qC the United 

Kingdom. The American manufactures are indeed wonderful, not only in their 
present magnitude, but in the rapichtgr of their* pro^rege, and in the prospect of 
their extension. StiU it is difficult to ^:istitate a precise comparison, becsause some 
items are included in their total which are not reeJton^ ijj th 0 United ^^iugdpm. 

Another test is that of factory steam power; this ppWer in the world is 
represented by 7^ nnllions of horse-power. Of that total, 2| milbo^is, or aboid 
30 per cent., are British. 

Again, it has been computed that if the main elements of nationd industry be 
taken together, namely, commerce, manufactures, mining, agncultuie-, carrying 
trade, and banking, lie total, 2,000 millions sterling and upwards annually, is 
about, the same for the United Kingdom and the United Statesd Bud the United 
States are advanel^ the fastest, apd are already passing ahead. Thsij? population, 
however—55 millions of souls—is greater by 19 millions than tie* British 36 
mSJlions. The ag^e^ate of industries shows an average of 51L per bead iu the 
United Kingdonij, against 42?, in the United Sfates. The fact, thea, that the 
United Kingdom^ despite disparity of pQpulation,Jis still able to do nearly as much 
as its giant offspring, ajffords striking proof of sustained vitahty in. the mother 
country. 

It is inferrible from this computation that the average of earnings per head in 
the United Kingdom is 351, 4s., and exceeds that in the United States (^7/. 4s.) and 
that in Canada (261. 185 .) But it is actualiy exceeded by the average in Australia, 
which reaches apparently the amount of 43?. 4s. per head, and is the highest in the 
world. Still the rate of eaminirs in the new countries founded ]>ythe Anglo- 
Saxon race approxipiates to that of the mother land, but the average rate for the 
Continent of Europe is only 18?. Is. In other words,,the British rate is more than 
double. France is the only large European country which at all ap]proaches the 
Uiiited Kingdom in this respect, and together with France may l)-es classed the 
little countries of Be^um, Holland, and iTenmark. 

It follows fcom these facts that the Vealth of the United Kingdom in land, 
cattle, railways, and public works, houses and furniture, merchandise, bullion, 
shipping, and sundries, valued at 8,720 millions sterling, exceed^, that of any 
European State, and is just double that of Buasia* But it is by the 

corresponding figure for the United States, namely, 9,495 millions sterling.^ 

For the Bri^h Empire, however, must be added 1,240 millions foi: Canada and 
Australia, precisely computed on similar terms; and at least 2,500 millions for 
India, and other dependencies which canhot be precisely computed, mi which may 
be below the reality. Thus the wealth of the British Empire appaJently stands 
at the trulv grand total of 12,460 millions sterling; which justifies the old 
expr^ion that this empire is the richest State oh th^ fac^ of the eartX 

* See Mulhall’s Bcdanee Sheet of the World, and Dietimary of SMistia. These 
ilgmesbave beeu largely adopted in the American Census Report of LSSO. 

J^vie^ December 1881, and BHtieh Assoeinstdon JRe^ort, 
18®^^ ©SA iSte figufeh-is the most recent, but the amount has sometimes been 
as 
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But th& preponderance in this respect is not nearly so great asnoiglit bee^speeted 
from the nimibers of the population. The cause is thisy that ini on© large section, 
India, the earnings and the value of labour are very mueh less than in Europe and 
North America. 

The 8,720 millions of British wealth represent a sum seven times the animal 
income, namely, 1,247 millions, which seems to be a fair calculation. According to 
this the British people earn 14 per cent, on their capital, wHch rate is about the 
same as that of the United States. It exceeds the corresponding ratio on the 
Continent of Europe. But it is considerably surpassed by the ratios in Canada 

Australia—18 and 22 per cent, re^ectively. 

The construction of public worts is a test of national progress; those works 
which may here he selected for mention are railways, electric telegraphs, and 
canals. 

For the British Empire there are 38,000 miles of railway open, of which 
18,000 miles are in the United Kingdom, and 20,000 males in India and the 
Colonies. For the area and population of the empire this figm’e is not remarkable, 
inasmuch as m the world iliere are about 260^000 miles, of which the British 
Empire has only one-sixth* It is an astomshing fact that in the United States 
alone there aie nearly 115,000 miles, more than double and nearly three times the 
mileage of the whole Bntish Emph^. 

The extent of railways in proportion to population is larger in the United 
Kingdom than in any other part of Europe, but is much smaller than in the 
Colonies and in the United States. While there are 620 mules to every milHon of 
inhabitants in the United Kingdom, there are 1,920 in Australia, and 1,780 in 
Canada, but even the eolanial proportion is overtopped m the United States, 
where the corresponding number is 2,106. But if the test of the value of railways 
be the amount of work <ione by them in proportion to then mileage, then in tms 
respect no railways in the world equal the British. The a'\«iage earnings per mile 
of a railway in the United States is 1,440^. In India the average of earnings 
(1,3807.) is about the sa-me; in Australia (1,0757.) it is lowers and in Canada 
(7007.) it is still less. But in the United Kingdom it i& more than double, being 
3,8007. In the United Kingdom 18,000 miles of railway earn 69 millions sterling 
annually; in the United States 100,000 miles of railway earn only 13G millions. 
The general maximum speed of trains in the United Kingdom and tlie total mileage 
Tim by express trains ara considerably greater in the Umted Kingdom than in any 
other'country. 

It has been computed, by adding together the number of passengers and of tons 
carried, that 4G per cent, of the railway traffic of the world is done by the 
railways of the British Empire. In abatement of this, however, it should be added 
that the distances run in the United Kingdom are less than on the Continent of 
Europe, and still less than in the United States. 

liegarding electric telegraphs on land there are 86,000 miles in the Biilish 
Empire, or nearly one-^fth of the sum total for the worid. It is remarkable that 
the telegraphs in Austraha—26,000 ndles—^are exactly equal to those in the 
United Kingdom. But in illustration of the difference between an old and a new 
country there are 31 millions of messages yearly in the United Kingdom, and only 
5 millions m Australia. In other words, the telegraph does six times as much in the 
old country as in the new. Similarly in the United States the length of telegraph— 
121,000 miles—^is amazing, but the messages are only 34 millions, just in excess of 
' those in the United Khogdom. In other words, the work is more than four times 
as hea'vy in the United Kingdom in comparison with the United States. Besides 
the land telegraphs, ^th^ie ifre'dubmaJrine" cables in the world, with the surprising 
length of 106,000 miles. Of these the greater part belong to the British Empire. 

In regard to canals of navigation, there are about 6,000 miles in the British 
Empire. The significance of this will be appreciated by recounting that for the 
world the total length is set down at 23,000 miles. Thua one-fourth out of the 
world’s total is British. But in these figures there are not included the channels of 
irrigation in India, of which the length exceeds 20,(X)0 miles. Of this length one- 
fourth consists of canaE remarkable for their size. 
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After this review of mateiial power, we may summarise the public debt of the 
British Empire. In this the first item is the regular debt of the Government,, 
amounting to 769 millions sterling for the United Kingdom, and 293 millions for 
India and the Colonies, in all 1,062 millions. The amount seems enormous, but^ 
happily, we may doubt whether it is excessive for so great an empire as the British. 
The amount is equal to five times what we have seen to be the annual revenue and 
receipts. It is computed to represent only 9 per cent, of the capital wealth of the 
empire. 

The interest payable on it amounts to 41 millions, or 20 per cent, on the income* 
of the Government. If the income of the population of the empire be taken into> 
account, and it can hardly be computed at less than 1,700 millions sterling, tlien 
this interest on the debt will represent only a minute fraction. 

Besides this debt of the Government there are the local and municipal debts, 
contracted for the sake of material improvement. These debts amount to 163 
millions for the United Kingdom, and certain amounts for India, which may bring 
up the total to 160 millions. To this should be added 90 millions raised on a 
Government guarantee for some of the railways in India. 

Thus we reach a total of 1,312 millions sterling for the public debt, Governmental 
and Municipal, for the British Empire. 

A part of the Government debt raised in India is for State railways and canals, 
this part amounts to 40 millions sterling. 

But in these figures there are not included the 187 millions sterling raised by 
companies for railways in the United Kingdom. 

The subject of crime cannot be treated completely in this summary, but it 
may be stated that in the empire 675,000 persons are convicted annually of crime, 
of which number more than nineteen-twentieths pertain to India. This number 
amounts to two in a thousand of the total population, which represents a moderate* 
proportion. 

The total number of persons in the prisons is about 146,000, of which 31,000 
belong to the United Ungdom and 103,000 to India. In the former the number 
represents less than one in a thousand of the population, and in the latter only one 
in two thousand. 

In the United Kingdom it is remarkable that within the last fifteen years, that 
is between 1868 and 1882, the annual number of convictions in England fell from 
16,033 to 11,699, and in Scotland from 2,490 to 1,944, notwithstanding the increase 
in population, indicating a satisfactory decrease an crime. The number of crimes 
reported approximates to that of convictions. 

Two cognate matters must he mentioned in illustration of the condition of the 
people, namely, emigration and pauperism. 

During the last half century millions of persons have emigrated from the 
United Kingdom, representing from 6 to 7 per cent, of the population. Out of this 
number 3 imllions went to the Colonies, andS^J millions to the United States. But 
this does not represent the total of arrivals in the Colonies, for during this time 
660,000 went there from the Con&ent of Europe. 

There has also been a considerable emigration from India within the last ten 
years, 190,000 natives having left their country to found new Indias in the tropical 
regions of the British Empire. 

In older countries like the United Kingdom, pauperism is an evil and a sorrow 
from which younger communities are as yet exempt, and which has never existed 
in the East. In India there is no poor law, and there are none who come under 
the technical designation of paupers; the destitute and infirm in that country are 
relieved by private charity wi&out State intervention. Moreover, the unp};e- 
cedented measures of relief undertaken by the Government during the recent famines 
have not at all pauperised the population. Nevertheless, the number of paupers 
under relief in the united Kingdom must he stated at one million, or rather less 
than on^thirtieth part of the population. The cost of their maintenance amounts 
to 10 millions sterlmg annually, and this notwithstanding the extensive emigration 
wbfeb has just been summarise. But during the last generation the number has 
fallen from 2^ million to 1 million, while the expenditure has risen from 7 to id 
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snillions. - Still, owing to,-increase of wealth, the burden is computed to haye 
fallen iiom three pence to two pence in the pound of the national income. 

. I shall conclude this statistical summary by adverting to a group of subjects 
into which moral considerations largely enter, namely, thrift and education. 

The savings banks in the British Empire have DOrnillions sterling of deposits and 
about'5| millions of depositors, of which numbers eight-tenths are in the United King¬ 
dom, and the remainder in India and the Colonies. The amount, though absolutely 
great, is not extraordinary for so wide an empire.^ The amount of 80 millions for 
the United Kingdom compares moderately well with the total amount for the 
Continent of Europe, namely 338 millions, but unfavourably with Germany and 
with some thrifty little nations like Switzerland or Scandinavia. The comparison 
is still more unfavourahle in respect to the United States, where the savings have 
lisen to the noble sum of 202 millions. On the other hand, the development in 
the British Empire of friendly societies (including provident building and registered 
societies) has been wonderful. The registered societies in the United Kingdom 
are 18,200 in number, have 5,800,000 members, and 56 millions sterling of funds. 
There are also many unregistered societies, of -which the statistics are unknown; 
•the addition of these woiSd, it is believed; bring up the total to 7 millions of 
members, or one-fifth of the population. In Australia there are 880 such societies, 
with 55,000 members, and nearly a million sterling of funds. In Canada there 
are 40 societies with 80,000 members, and more than five mElions sterling of funds. 
The average of funds per member is 9/. in the United Kingdom and 13?, in 
Australia, but in Canada it is very high, being 63?. 

The amount of life-insurance, 423 millions sterling of policies in the United 
Kingdom, exceeds that of any other country, but hardly exists at all in India, 
But of fire insurance, the amount in the United Kingdom is not remarkable. 

The charitable expenditure in the British Empire can hardly be stated in full, 
but it is enormous. In the United Kingdom it amounts to more than 10 millions 
sterling annually, the income equalling this honourable sum. Of this income, 
.about one-fourth is derived from endowments consisting of real and personal 
property. 

The number of indoor patients (irrespective of those who receive outdoor relief) 
in tbe charitable hospitals of the Empire is not less than 460,000, of whom 
145,000 belong to tbe United Elingdom, and 270,000 to India. This number is not 
remarkable in comparison with other nations. The fact is that in the United 
Kingdom the poor-law organisation provides for many who would otherwise be in 
hospital. 

In regard to the Post Office, the letters posted annually in the world are 
retuiTied at 5,200 millions; of this total there are 1,600 millions, or 34 per cent., in 
the British Empire. This is a smaller proportion than might be expected, the 
c-ause being that letter-writing is still in its infancy in India. But in the United 
Kingdom the average of letters per inhabitant is greater than in any other 
-country. 

Hespecting education, there are 6,250,000 pupils at schools in the United 
Kingdom, 860,000 in Canada, 611,000 in Australia, and 2,200,000 in India, making 
up a total of 8,921,000 pupils in the British Empire. The number, though lar^e 
absolutely, appears very small for so vast a population. The fact is, that in India, 
although education has made a remarkable progress within the last generation, yet 
. the lee-way to be made up was enormous, owing to the neglect of many centuries, 
and many children of a school-going age still remain but of school. The number 
in tbe United Kingdom compares moderately well with the Continent of Europe, 
but unfavourably with some of the lesser togdoms, where the progress is most 
satisfactory. But the eompaaison attains special interest when made with the 
^ United States, where a truly noble progress is exhibited, and where the number of 
pupils reaches to 10 millions, tbe annual expenditure b^g 17 millions sterling, 

- Boubtless the returns in the United States are < more complete for the higher 

* In some of the Colonies them appears to be some difficulty in discriminating 
)fche savings banks depositors from ordinary depositor. 
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■branelies of education than in the United Kingdom, hut that would not make any 
considerable difference in the comparison of such high figin^es as these. Thus the 
extraordinary fact remains, that in respect of educational statistics the United 
States are numerically in advance of even the British Empire. 

The religious missions to non-Ohiistian nationalities constitute a hiight feature 
in the British Empire. The statistics of the Boman Catholic missions are not 
fully known, hut their operations are very considerable. The income of the 
various Protestant missionary societies is hardly less than three-quarters of a million 
sterling annually, and the number of European ordained missionaiies maintained 
by them is about 900. This is exclusive of a considerable number of reverend 
missionanes employed within the British Empire hy societies in the United States. 
The number of native Chiistians under their care, together with children at school, 
cannot be less than a million. 

In conclusion, the statistical summary under the three heads, the area of the 
empire, the inhabitants, and their works, has been piesented. From it the follow¬ 
ing inferences are to he drawn legaiding the British Empire:— 

The area of the British Empiie is enormous, amounting to at least perhaps 
even to 10, millions of square miles, or nearly one-fifth of the habitable globe. The 
lesser part only is cultivated or occupied, some portion being uncultivable; but the 
cultivable portion ready for cultivation or occupation is vast enough to support an 
indefinite increase of population. 

The great length of coast line, mostly inhabited by a seafaring population, and 
dotted from point to point with large harbours, offers maritmie advantages in an 
unequalled degree. 

The population of the Empiie, amounting to 306, perhaps to 316, millions of 
souls, IS vast. Still the imperial area is on the whole hut sparsely populated, with 
an average of only thirty-three persons to the square mile, notwithstanding the 
m%hty aggregate of the people, as the population is most unequally distributed, 
hemg extremely dense in some regions. 

®he lesser proportion of the population belongs to the Caucasian fair, dominant, 
and Christian race; the majority consists of the coloured Aryan Asiatic race, 
professing the Hindu and Muhammadan reli^ons. The proportion of the Mongo¬ 
lian Buddhist race end of the aboriginal races is small; while the entire Hindu 
people, and half the Muhammadan world, are under the British crown. 

Although in the United Kingdom the population is largely urban, fetill in the 
Empire, as a whole, it is chiefly rural 

The total of yearly revenue and receipts, Governmental and local, amounting 
to 264 millions sterling, is miequalled. but falls at the moderate rate of sterling 
per head of the total of British subjects. 

Of the total sum collected by authority from the people, one-fourth is for 
local purposes, immediately concerning the rate-payers; thiee-fourths being for 
Governmental purposes. 

Of the Governmental taxation one-fourth only is direct, such as land and 
property taxes; and three-fourths indirect, such as customs and excise, which 
grow by natural increment; but the local taxation is for the most part direct. 

The armed forces, by sea and land, though numerically large, show a very 
moderate ratio to the area and population: the section of the people absorbed in 
m^tary employ being extremely small, and the militaiy expenditure, compared 
with the imperial revenue, being the cheapest in the world, with the e-xception of 
the United States. 

The total of armed forces on land, nearly a million of men, is apparently great, 
though its unity and organisation are not complete. But the proportion (more than, 
two-thirds of the whole), belonging to the fair or European races, is satisfactory. 

^ sea the number of ironclad war-vessels ready for action indicates a degree- 
of naval pn^parei^ess hardly to be matched by foreign nations. 

The &tai police force of all hinds is very moderate, indicating a peaceful and 
law-^ding disposition in the people. 

mercaaiale marine has nearly half of the steam tohnage. of the carrying 
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power, of tlie port entries, and of tlie freigM-earnings of all tbe mations together, 
and two-thirds of the shipbuilding. 

"^ile the ocean-borne commerce of the United Kingdom is maintained at its 
maximum, that of India, though large, is relatiyely low, while that of the Colonies 
is amazingly high. 

About one-third of the world’s commerce is contained within the British 
Empire. 

The average of ocean-borne commerce per inhabitant in the United' Kingdom 
is considerably higher than in any other large State of the world, but is exceeded 
by the average of the busy little kingdoms of Belgium and Holland. 

About one-third of the hanking business of tbe world is done within the 
British Empire, justifying the claim of London to be tbe first of all banking 
centres. 

The average of annual earnings per inhabitant in the United Kingdom is 
approached by that of its offspiing in America, but is more than double that on the 
Continent of Enro;ge, 

In wealth, consisting of land and cattle, railways and public works, houses and 
furniture, shipping, merchandise, bullion, and sundries, the British Empire is the 
wealthiest State on earth, but its preponderance in this respect is not nearly so 
great as might be expected from the number of its population, because the wealth 
of India is relatively small. 

The ratio of earnings on capital in the United Kingdom equals that’ of the 
United States, and exceeds that of the Continent of Europe, But it is surpassed 
by the ratio of Canada and Australia. 

Respecting the aggregate of national industries—agriculture, commerce, banking, 
manufactures, mining—^taken in combination, the United Kingdom is beginning to 
fall behind the United States, though the British Empire, on the whole, preserves 
the first place ; but despite disparity of population the mother land still achieves 
nearly as much as its gigantic offspring, and the energetic genius of the progeny 
stiU survives in the parent. 

The mileage of railways, on the whole, is not remarkable, being apparently 
small. ^ But the work done by the railways is exceedingly great, far surpassing 
relatively that shown by any other nation, and the speed of the trains is generally 
greater. 

The length and size of canals for navigation and for irrigation are unsurpassed. 

The decrease of crime and of pauperism is satisfaetorj^ in the United Kingdom, 
while pauperism hardly exists in the other dominions of the Empire^, and the 
charitable funds raised in the United Kingdom are enormous. 

The number of patients in the hospitals, though large, is not remarkable 
relatively to the size of the Empire. 

Regarding thrift, the growth of savings banks is but moderately great, being less 
than in some small European States, like Switzerland and Scandinavia, and much 
less than in the United States; but the development of Friendly and Provident 
Societies, and of life insurance, is probably greater than in any other nation. 

The sum total of education is not great relatively to the Empire at large,, 
mainly because India has much way to make up, the proportion there being behind 
that of Eitro|ie, and much behind that of the United States; but results of 
the Post Office and the electric telegraph indicate an unequalled activity. ' 

The efforts made in the United Kingdom for the support of religious missions 
to non-Christian nationalities are honourably sustained. 
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The following Papers were read:— 

1. What mahes the Bate of Wages ? By E. Atkinson. 

In the consideration of wages, a distinction must be made between the rate of 
wages which is stated in terms of money and the absolute wages which induce 
the labourer to do the work; such absolute wages consisting in what the money 
will buy—food, fuel, shelter, clothing—and the proportion saved for future use. 
Furthermore, when considering the question of wages, attention needs to be given 
to the proportion of the population of any given State or nation who depend upon 
wages—that is to say, the proportion of any given population who are in the 
portion of the employed rather than of the employer. If we consider the annual 
product of this country as a unit or single subject of distribution, it will be apparent 
that this product, whatever its value may be, is converted into terms of money by 
bargain and sale, and is di&tribiited among the people who consume it in greatest 
measure by way of wages. That is to say, the greater part is consumed by those 
who work for wages. The annual term rits the case, because the year represents 
one succession of seasons. A small part of the product of a previous year has 
been brought over to begin the work ot the present year upon, and a small part of 
the present year’s product is carried over to the next year to start the work of that 
year. Substantially, each yeai’s subsistence depends upon each year’s work. The 
world, and even the most civilised State in the world, is always within less than 
one year of starvation, never having a full year’s product of food on hand at any 
one time, and so the most civilised nation is always within two or three years of 
becoming naked. In fact, the entire capital of the richest State—^to wit, all the 
railroads, mills, works, warehouses, dwelling-houses, and goods and wares of every 
Mnd in existence—^bears a market value not exceeding the value of two, or, at the 
utmost, of three years’ product of the same State. Hence it follows that all 
profits, all wages, all taxes, are and must be derived from the market value of ^he 
annual product. Now the absolute law brought into action by the force of compe¬ 
tition is this;— Liproportim to the increase of capital^ prints diminish relatively^ 
while wages increase absolutely, If this principle can be sustained it is a complete 
answer to all the nonsense which certain American politicians attempt to palm off 
upon the credulity of well-meaning but uninformed men and women. How can it 
be sustained ? The most complete proof of this law will be found in the table at 
page 830, in which are given both figures and graphical illustrations of the law. 

The table has been constructed from data obtained as follows:—The founders 
of the cotton manufactories of this country—Messrs. Patrick T. Jackson, 
Francis C. and John Amory Lowell, Eirk Boott, Q-eoige "W. Lyman, Samuel 
Batchelder and others—^were men of great foresight and business capacity, They 
proceeded cautiously, both in constructing their factories, in establishing^the kind 
and quality of the goods to be made, and especially in the method of keeping the 
accounts. Through the kindness of friends, many of the earliest cost-sheets of 
some of the principal factories have come into the author’s hands, from which 
records he has been able to take the actual days of labour, the sum of money paid 
and the product, both in quantity and value, to these tables, relating to the earlier 
years, he has been enabled to add the data of more recent years fiom personal 
knowledge in the management of factories and by the kindness of others. From 
amoi^ these various tables he has sorted the facts which are contained in the fore¬ 
going statements. They are mainly taken from the records of two factories which 
have been continuously employed on one fabric. They cannot, hovvever, be 
imputed to either of the two, and they do not disclose the actual results of the 
business of either coiyoration, but they are exactly consistent with the facts, and 
they show the general result more accurately than if the fibres of a single factory 
had been taken. It was said that by the force of competition profits diminish and 
wag^ increase. That is to say, the competition of capital with, capital works effec¬ 
tively in reducing the ratio of profit which the capitalist can secure from any given 
wsdoct, while on the other hand the competition of labourer with labourer utterly 
Mb to reduce the rate of wages; but, on the contrary, in the face of such com- 
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petition, the proportion of product falling to the labourer steadily increases. 
This seems to be a paradox, hut an examination of the tables will show the simple 
reason. Let the column on page 831, the comparison of 1830 with 1884, be first 
considered. It required in money to construct the mill, with auxiliary 

buildings and dwelling-houses, of a factory of a little over 8,000 spindles. Such a 
mill would coat at this time less than one-half as much; but, by taking the history 
of several separate factories which have never failed and the stock of which has 
never been reduced, it appears that a sufficient proportion of the earnings has been 
.set aside and expended in the increase of the productive units of the spindle and the 
loom, to the end that the ratio of dollars has been reduced 75 per cent., or from gW 
to ;^10 per spindle. Each spindle of the greater number has become 22 per cent, 
more effective. Each spindle and each loom requires less arduous attention. The 
proportion of operatives per thousand spindles has been reduced 64 per cent., and 
the work of the lesser number is very much less severe now than the work of each 
of the larger number was at the beginning. The productive capacity of each of 
the operatives per day (the day of 1830 having been from 13 to 14 hours and the 
day of 1884 being from 10 to 11 hours) has increased 214 per cent. A part of 
the benefit of this vast change has gone to the consumers of the goods. The price 
of raw cotton happened to be almost exactly tbe same in 1840 as it was in 1883, 
and the standard sheeting was sold in 1840 at 9 cents per yard and in 1883 at 7 
cents per yard, at which latter price it paid a fair profit. "But the less price at 
which it can be sold to-day pays no profit whatever, the export demand for China 
having been interrupted by the French war, and the export demand for Africa 
having been interrupted by various causes. 

Now, what has been the course of wages? The wages of the farmers’ 
daughters of New England, to whom it was a profitable opportunity to enter the 
cotton mill in 1830 and to work there in 1840 from 13 to 14 hours per day, were 
,^164 a year in 1830, ,^175 a year in 1840, and j^l90 a year in 1850. In fact, the 
wages of women were much less than these figures show, as these figures give the 
average of men, women, and children, including overseers. Good weavers really 
earned only 48 to 50 cents per day in 1830 to 1840. The proportion of men 
was much greater and of children much less prior to 1850 than it is now. 
Oontrast these wages with the present. The average earnings of men, women, and 
children for the shorter hours are now S^290 a year. Skilful female weavei^ earn 
now more than male overseers and second hands earned in 1830. There is now, 
1884, some temporary disturbance, and there may be a temporary reduction in the 
rate of wages by the piece. But hard times are the best schoolmaster. If the rate 
of wages is reduced, improvement and invention will be applied to the machinery, 
and in spite of present depression, the sum of wages for tbe year 1885, even at a less 
rate by the piece, will he higher than in the year 1884. fii witness of this, turn 
to the column on page 830, and see how the law of increasing wages has been pro¬ 
gressing from 1830 to 1884, subject to tbe temporary aberration caused by the use 
of paper money, when wages apparently increased, but the cost of living increased 
a great deal more. Now, what is the effect upon profits ? Assuming that 10 per 
ceiit. constituted such a rate of profit in 1830 as to have induced the construction 
of a factory, and that 10 per cent, would be a high rate of profit at the present 
time; also bearing in mind that, so far as the author knows and believes, there is no 
cotton factory in New England which has paid 10 per cent, per annum, on the 
average, upon its original capital for a period of fifty years—^we find that it required 
13 per cent, of the gross ^es to be set aside in the year 1840, at the rate of 118 
cents per yard of cloth, in order to secure to capital 10 per cent, upon the investment. 
1 will not go back to the earlier date of 1830, when it required a very much larger 
share of product to compensate capital at the rate of 10 per cent. At the present 
time, 6 per cent., or four-tenths of a cent per yard, set aside from the sales 
aunually, wifi yield 10 per cent, upon the capital. 

There is scarcely an article which could serve so well as a guide and standard 
for this investigation as a standard sheeting. It has been made in the same way, 
cf substantially the same weight, from the same stock, f^om tbe beginning to the 
, end, and the accounts have been kept in the same manner, according to the exact 
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metiiods of account established by fbe careful men under whose supervision the 
TYiillft were constructed. On this showing it is absolutely demonstrated that all 
the improvements and invenldons of the last fifty years have gone to the benefit of 
the consumers of the goods and the operatives in the factory,—in largest measure 
TO the latter,—while the share which has fallen to capital has diminished in forty 
years firom 14 per cent, of the gross product to 6 per cent, or less. ^ 

Novr, let the principle which is sustained hy these facts be applied to the general 
subject of wages. It will be admitted by everyone that if there is any branch of 
industry, either in agriculture, manufactures, mining, or mechanical work, which 
offers a fair expectation of iO per cent, on the investment, unless it be of some extra 
hazardous or dangerous kind, into that branch of work capital will flow in ample 
measure, Kow, as a rule, in all the diverse arts and manufactures to which 
machinery is applied, taken as a whole, the gross value of the annual product is 
twice that of the capital invested. This is proved not only hy the figures of the 
United States census, hut by the extremely close figures of the Massachusetts 
census of 1875. Now, if capital will rush into any branch of industry in which it 
can secure 10 per cent., and if 5 per cent, of the product will yield 10 per cent, 
upon the capital, it follows of necessity that the other 95 pr cent, of the product 
must go to the labourers who do the work, because it cannot go anywhere else. 
There are only two classes to whom the proceeds of sale can be devoted after the 
taxes are paid, and those two classes are the capitalists and the labourers. If five 
parts of the product satisfy the capitalist so Miy that new capital rushes in to 
compete for the opportunity of doing the work, then the other 06 parts must go to 
the labourer, or to the distributor. In my treatise, however, in order to be 
prfectly safe, I have assumed that ten parts of the annual product fall to 
the capitalist and only ninety parts to the labourer, iir to the distributor. 
Now, it appears that in proportion to the increase of capital, the work of the 
labourer is rendered more effective, and Ms wages rise continuously, because he 
obtains a const^tly increasing proportion of an increasing product. The more 
effective the capital, the less the number of prsons needed for the work, and the 
larger the product. It therefore follows that any interference or reterdation 
in the accumulation of capital, while it hurts the capitalist, harms the labourer 
a great deal more. It is therefore of the utmost importance to the labourer 
that justice should be done to capital—^no more, no less. If labourers receive 
90 to 96 parts of all there is produced in one year, and cannot have any more 
without interfering with the accumulation of capital and thereby diminishing 
the product of next year, they get aU they can have, whether it be much or 
little, and their wages cannot he increased except hy an increase of the general 
product. The general product can only he increased hy the co-operation of moie 
adequate capital with more skilful labour. It certainly cannot be increased by 
legislation, because legislation produces nothing. It can check production and 
reduce wages materially, and meddlesome legislation generally works in that way. 

Now, then, what are the facts in respect of wages in America? The 2 ate 
of wages is much higher in money than in any other country, and if subsistence be 
considered as a whole, the purchasing power of wages is greater for each dollar 
than in any other country. According to Mr, Wright’s recent most valuable in- 
vestigarions, a dollar will buy less shelter and somewhat less clothing, but more food, 
than it will inEngland, and a dollar will buy more in England than it will anywhere 
on the consent of Europe, What makes the rate of wages in this country, and why 
are they higher here than elsewhere ? It is for this reason: by the co-operation 
of capital and labour, inteiligentiy appEed to the greatest natural resources, the 
result of each yearns work is a larger product of grain, cotton, machinery, timber, 
fabrics and waxes, in ratio to the number of labourers employed, than can be 
attained imywhere else, and when the 90 or 96 per eent of this huge project is 
converted into terms of money by sale, the resulting sum of money leaves for each 
person ^ajdoyed a larger amount than can be attained by the working people in 
country. One of the great reasons for this—^perhaps the paramount reason 
'—^ ’Aiot 1%^ United States are free from the burdens of passive war since slavery 
wa® &ee from the blood4ax of a standing army, wluoh takes at least, ten 
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parts in sveiy one liundred produced on the continent of Europe; free from the 
burden of the artificial system of land tenure in Great Britain, under which the 
mass of the people has been deprived of land; free from the equally artificial system 
of the compulsory sub-division of land which controls most of the continental 
nations, under which allotments have become so small that effective machinery 
cannot be applied to it, whence it follows that the minimum of product results 
from the maximum of arduous labour; we are also free from tbe restrictions of 
caste and privilege. It is, then, beyond doubt, a fact, that e'v en if their wages are 
low at the present time, they are yet progressively increasing, and have increased 
steadily and regularly every year for the last fifty years, subject only to the 
inevitable chances and changes of short crops and commercial crises. Whatev er the 
rate of wages may he, the sum of the wages or earnings of those who perform the 
work of production and distribution is 90 to 95 parts in 100 of all there is produced. 

The author was unable to giv e facts as to the diminishing profits in other arts 
than the one he has named, hut the increase of wages is well proved by the 
statistics of the census of Massachusetts and the census of the United States." Tw 3 
examples may be given in respect to two classes of work which requires the services 
of a high class of mechanics. In one large piano-factorj*, the rate of wages of five 
classes of skilled workmen in 1843 was ,^562 for the year; in 1880, for the same 
work, ^824 for the year. In another large piano-factory, the wages of twelve 
classes of skilled worsen have been compiled, and the progress in rate has been 
as follows: 1853, j^ll.32 per week,gold 5 1860, ,gl2.33,gold; 1866, ^14.7oper week, 
currency; 1872, #18 per week, currency; 1878, #14.66 per week, substantially in 
gold; 1880, #17.50 per week. At tbe present time wages are as high in aold as 
they were in 1872 in currency. In one lai^e establishment making table-cutlery, 
eight classes of workmen averaged, in 1859, #1.50 per day in gold. The same 
eight classes in 1880 averaged #2.15 per day in gold. In another large establish¬ 
ment making edge tools, ten classes of workmen averaged in 1850, #1.00 per day j in 
1880, #2.26 per day. The author had carefully chosen processes of industry, to wit: 
standard cotton sheeting, pianos, table-cutlery and edged tools, which have been 
affected in tbe least measure by the changes in the duties on imports. "With the 
exception of pianos the other three subjects of investigation depend measurably upon 
the export trade, as well as upon the domestic consumption for the establishment of 
the rate of wages. This selectipn has been made in order that the subject might not 
be confused by considerations relating to the tariff. Finally, it appears that in tl e 
census for the year 1880 the population of the United States numbered a little 
over 50,000,000. Of this population (disregarding fii-actions), 17,400,000, in romid 
figures, were found to be engaged in some sort of gainful occupation j tbe rest 
consisted of women who did the work of families, of retired persons, and of 
children. Of this number, substantially 150,000 were employed in the service of 
the Government, leaving 17,250,000 producers, who, by exchanging products with 
others, also obtained the means of living, and thereby became consumers. Of this 
number the census discloses the fact that 1,060,000 were employed in what may' 
be called mental rather than manual work. They consisted of clergymen, lawyers, 
teachers, artists, chemists, engineers, officials of railroads, banks, and insurance 
companies, officials of manufacturing and other corporations, merchants, traders, 
and dealers. In this list capitalists living wholly upon the income of capital are 
not included. How many the capitalists number the census does not disclose, but 
they are relatively very few, and their possesdons repre^nt but a relatively small 
part of the total wealth of the country, this wealth being more widely difiused^ 
and enjoyed by a greater number of persons, than in any other country in the world.. 
Deducting 1,050,(^ of those engaged in gainful operations, we have the remainder 
16,200,000 who constitute the actual working class. Seven millions of these were 
farmers and farm-labourers, tbe rest artisans, mecbanics, clerks, salesmen and 
saleswomen, labourers, factory-operatives, domertic servants, and other wage-earners.. 
Tbe proportion of employed to employers, aside from agriculture, is at least 16 to 1- 
Tbe rate of wages, which measures their share of the annual products, is therefore 
the paramount social question of the hour. If it can be measured, and if it can be 
foitnd in the aggregate their wages as a whole constitute from 90 to 95 per cent- 
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all that is produced, then all contention between labour and capital may well be 
laid aside. It is, of course, a matter of immense dxfhculty to make such compu¬ 
tation. By various ways, each proving? the other, which cannot be stated in the 
ijpace at his. disposal, the author thinks it may be considered substantially 
proved that the value of the annual product of the census year was the maximum 
^10,000,000,000. In this computation, 1^1,000,000,000 is included as the value of 
the domestic consumption on farms by &rmer3 and labourers which never enters 
into the commercial statements, 000,000,000 representing that part of the 

product which was bought, sold, and distributed. Five per cent., or ^^450,000,000, 
is set aside from this sum to represent the profits of capitalists as a distinct class. 
We will set aside ;gf450,000,000 as the maximum estimate of the small savings of 
industrious people, making a total set aside for the maintenance and inci'eaae of 
the capital of the United States of ;^900,000,000. He has assumed 10 per cent, of 
A commercial product of /9,000,000,000 as the maximum national profit which 
can be set aside for the maintenance or increase of capital. In the census jrear 
this would have been substantially at the rate of j?18 per head of the population. 
If we apply this computation to the average population of the last thirty years, 
no sum of accumulated capital can be found in the United States corresponding to 
,?18 per head. It is a maximum estimate rather than a minimum. The remainder 
constitutes the earnings of all who are eii^aged in gainful occupations, amounting 
to ^8,100,000,000. 

Now comes the main difficulty of ascertaining how the sum. was subdivided. By 
various methods the author has reached the conclusion that the average of each person 
engaged in the mental or administrative part of the work would amount to between 
51,000 and 5 I 5 IOO, and that the next remainder to be sub-divided among artisans, 
mechanics, farm-labourers, domestic servants and the like would yield to each 
from 5400 to 5450. Having come to this conclusion by way of an estimate of fhe 
value of the total product, the proof in detail became necessary. The first standard 
is taken from the railroad. In the year 1880, one man out of every ten employed 
in any kind of gainful occupation aside from agriculture was employed in the 
^jonstruction or operation of a railroad. In the operation of a railroad every class 
is represented. The returns of a railroad are absolute, being taken from the books 
of the last previous financial year. From these returns it appears that 418,957 
men were employed upon the railroads of the United States in their operation, not 
including construction. The sum of their wages was 5195,350,000, averaging to 
each person for the year 5466. On subdividing this, it appeared that all those 
who were engaged in the administration, or as general officers and clerlvs, earned 
51,015 each, and that those who were engaged in the executive work, being 95 
per cent, of the total number, earned 5450 each. It will be borne in mind that 
these are men, and that in the remainder of the gainful occupations the earnings of 
two and one-half millions of women and children are included at less rates than 
the rates earned by men. By setting aside 51,050 to each person of the 1,050,000 
engaged in the general w’ork of adimnistration, there remains for the rest, number¬ 
ing 16,200,000, the sum of 57,000,000,000 to be divided, which gives each one 
5432. The total of all national, state, and town taxation was over 5700,000,000 
In 1880, or 8 per cent, on the commercial products. Deduct in proportion, and 
the net income of each workman is 5400. Each one of these persons to whom 
5400 a year is assigned on the average as the rate of his earnings sustains sub- 
two others. It therefore follows that if these wages are high as com¬ 
pared with other countries, as they aie, or low as compared with wjiat it tvould 
. he d^irabie they should be, they yet represent all there is produced, that can be 
distributed among those who do the work. They represent an increasing share of 
^ increasing product which, under the law I ,have propounded, constantly falls to 
the laboitper as years go on. This average is fully sustained by ^11 the special 
. ^ rei^rta of the census of the United States in which the wages or earnings of 
'■persons employed in all the different arts and manufactures are given, after adding 
, to the apmrent sums disclosed by the census such sum as seems fit in each case 
. the term of the census employment up to that of a full year. 

tha author has undertaken to prove, therefore, is, that the law of compe^ 
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tition carries to the capitalist a constantly diminishing ratio of profit from each 
year’s product, and to the labourer a constantly increasing share. This rule was 
formulated by Bastiat many years ago in the follo\yii]g terms: ^ In proportion 
to the increase of capital, the absolute siiare of product falling to capital may h© 
augmented, but the relative share is diminished, while, on the other hand, the shaj'e 
of the labourer is increased both absolutely and relatively,’ All the facts wiaicli I 
have been able to consider sustain the rule. The recent investigation made irr 
England by Robert Gifien, of which I was informed about a year ago on my visit 
to that country, disclose the same sequences of diminishing rates of profit and 
increasing rates of wages, accompanied by increased purchasing power for every 
unit of wages, for the last My years of English history. 

If, then, our national wealth has increased ;S'l,500,000,000 a year for twenty 
years, including the rise in the value of land, what does it come to by the unit of tbe 
individual? One-half at*least is the increased value of land, the other half 
consists in added wealth, or 50,000,000 a year; but this great sum if equally 
distributed would give less than S'20 a year to each person. What proportion of 
the people of this country have saved each year, or £*60 a year to each work¬ 
man for twenty years ? The avei’age tax upon each person—combining national, 
state, and municipal taxation—has been veiy nearly, if not quite, ^20 per head. 

What proportion of this tax does each, man, woman, and child contribute P 
Have these taxes been paid by the same persons who have received the wealth P 
These are grave questions which working men and women may fairly ask. The 
question which each man who earn his daily bread by means of his" daily work 
needs to have answered more than any other is this—^ How soon and in what 
way am I to he relieved of the heavy, and in a large measure useless, burthen of 
taxation which finds me poor, keeps me poor, and leaves me poor; which takes- 
from me all hope of saving, and deprives me of a part of the comforts and even of 
the necessaries of life ? ^ 

There is no mercy in these statistics. By so much as some working men and 
women earn more than ^400 a year must some other working men and women 
earn less, if that is the measure of all there is; and on what each ,^400 will buy 
three persons must he sustained (to he exact, 29-lOths). Shelter, subsistence, and 
clothing for each person must he provided out of what £146 a year, or forty cent^ 
per day, will pay for. It is appalling, hut it is true. In order to increase this 
rate hut 6 cents a day at the present time, one thousand million dollars’ wcnth 
of increased product must be made,* and a market must be found for the increase. 

Such a sum is twice the value of our wheat crop, ten times the value of our 
production of pig non or of our wool clip, three times the value of our cotton crop^ 
3 iearly twice the value of all our textile fabrics. To put it another way: in order 
that each wage-earner may get 15 cents a day higher wages, and that each person 
may have for consumption what 5 cents a day more wiE buy, more than fie has 
now—^we must add to our present product the equivalent of our present wheat 
crop, of our production of pig iron, and the value of all our textiles—a sum-total 
of 050,000,000. Ten hundred and fifty million dollars a year will give 5 cents- 
a day to 58,000,000 persons, and no more. 

Yet at this rate of 40 cents a day on the average, the people of the United 
States are the most prosperous in the world, because 40 cents a day will buy more 
than it will in any other country. 

It is inequality in the wages of those who do the work of the world which calls 
for the attention both of the student and of the statesman, and inequality in what 
the wages wall buy. Wholesale work, as it may be called, both in production and 
distribution, is done at the smallest fraction of charge—at low-labour cost, but at 
high rates of wages to skilled workmen. It is the common labourer who suffers 
and it is retail distribution on which the highest charge is suffered. 


(See Tables on following pages.) 
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THE L4AV ,0I^' C0:MPETITI0N‘: IN ANY GIVEN PRODUCT, PROFITS DIMINISH, 

' WAGES INCREASE. 

The following deductions have been, made from the accounts of two New England Cotton Factories, 
both constructed prior to 183ft, and operated sueeessfnlly and profitably since that date, mainly on 
-standard sheetings and shirtings—No. 14 yam. The figures given, from 1840 to 1883 inclusive* are 
absolu!te, -being;taken from the official accounts of mills, of wMch the sole product has been a 36-ineU 
standard sheeting. The figures of 1830 are deducted from a comparison of the data of two mills. 
"L he figures of 1884 are deducted from nine months’ work in 1883-d. 


WAGES PER OPEP.ATIVB PBh TEAR. 


1830 

164 gold 



1840 

1850 

17S gold 
, 1 on 



IfiSO 




isro 

18x0 






1880 
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287 gold 


1884 

■ 200 gold 





PBOFEP PER YARD SBCEaSARY tO BE SET ASIDE Ef ORDER TO PAY 10 PER CBET. OE CAPITAL USED. 

1830 



1840 

U8l gold 
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ii,110 gold. 
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.481 gold 
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1884 
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COMPARISON OF 18S0 WITH 1884 

In this comparison the statements are based in part upon the figures of each mill. Both appear 
to have cost about $40 per spindle, including dwellings for operatives. More than one kind of goods 
were made in each for a time, but the figures have been adjusted to standard sheetings,;in average 
having been computed by the yard and pound. 


■I Decrease, 
3.7 percent. 


Fixed capital . 

1 1830 

$332,000 


i 1884 

$310,000 

i 

Spindles ....... 

1830 

8,192 


1884 

30,824 

fixed capital per spindle . ; 

183U 1 

$40.50 


1SS4 

$10.07 

Operatives per 1000 spindles 

1830 

49 


1884 

17 2-10 

Pounds per operative per 

1830 

9.94 

day. 

1 

1884 

! 

31.22 

The hour=! of labour in most of the factories 
in 1S3U ’were 14 per day. 

Wages ler operative per 

j 

1 1830 

$164 

year. 

I 3884^ 

$290 


Increase, 
I 276 per cent. 

Ddcrease, 

i 

75 pear cent. 

Decrease, 
64 per cent. 

Increase, 
■ 214 per cent 


Increase, 
77 per cent. 


Tiiav.'affcs per hour in 1884 are more than 
double those of 1830. 


■Wages per yard • • . 1830 1.90 cts, 

i 1SS4 1.07 cts. 


Decrease, 
44 per cent. 


Profit per yard at 10 per , 1830 2.40 cts, : 

j { 

cent, on capital .... I 18S4 .41 cts. ; 


Decrease, 
83 per cent. 
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COMPAEISOS OF 1840 WITH 1883-4. 

This comparison will not show the full reduction in the cost of labour per yard which may be ex¬ 
pected in 1884-5, because changes have been in progress which, when completed, will increase the 
capacity of the mill about 15 per cent., and it is a well-understood rule that, while such changes are 
being made, the current work of production is done at a disadvantage. 


I,-Capital . . . 

1840 1 

$600,000 



issa 

$000,000 


n.—Fis€d capital . 

1840 

$310,000 



1883 1 

$310,000 


III.—Active capital. 

1840 1 

1 $290,000 



1883 

$290,000 


XV.—Spindles . . . 

1840 1 

1 

12,500 



1883 ' 

' 30,824 


Y.—Looms . . . 

1840 

425 

■■■■■■■■■■ Increase, 


1883 

1,000 


VI.—Fixed capital i 

1840 

$23.23 


per spindle . j 

1883 

$10.06 


Tilt—IS^o. of opera- 

1840 

530 


tives emp. . 

1883 

527 


VIII.—Operarives per 

1840 

43 4r.l0 


1,000 spindles 

1883 

17 20-100 

■■■■■■■■■ CO per cent. 

IX.—Lbs. per spindle 

1840 

0.456 


per day . . 

1883 

0.658 


X.—Lbs. per opera¬ 

1840 

10 76-100 


tive per day . 

1883 

31 20-100 


XI,—Hours work 

1840 

+13 


per day , , 

1883 

n 


Xn.—Lbs. per opera¬ 

1840 

0.83 


tive per hour 

18S3 

2.83 


Xm.—"Wages per op¬ 

1840 

$175 


erative p:. yr. 

1883 

$287 


XIT.—"Wages per op¬ 

1840 

4.49 cts. 


erative pr. hr. 

1883 

8.80 cte. 


XV,—Wages per yd.. 

1840 

1.82 cts. 

_ 

1883 

1,08 cts. ^ 

! 


XTI.—Profit per yd. 

1840 

1.18 cts. 


16 % on capital , 

I8S3 

0.43 cts. 

■■■■■■■■■I 63 per cent. 

jgood^ 

1840 

9.04 cts. 


cost coto save 

1883 

7.04 ct®. ' 
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In the mountain section of the southern United States the people are still clad in homespun fabric* 
Five women—two carders, two spinsters, and one weaver—can produce eight yards per day. 


Product of 5 per¬ 
sons 1 year in 
No. Carolina. . 

2,400 yds. 

1 

Product of 6 per¬ 
sons in New 

i 140,000 


England . , . 
^ages in New 
England at 1 
08-100 ots.i^yd. 

yds. 

$287.00 


IVages as they 
would be in N. 
Carolina at 1 
08-100 cts. if yd. 

§5.19 


Cost yard in N. 
England at §287 
if yr. each opera¬ 
tive . 

l.OS cts. 


Cost in No. Caro¬ 
lina at $287 
^ yr. each opera¬ 
tive . 

58.49 cts. 

mmm 


The rule of diminishing rates of profit and increasing rate of wages, of necessity ensuing from 
the progress of invention, is fully sustained by these tables. As the capital is increased both in its 
(juantity and in its effectiveness, the absolute'share of product falling to capital is increased, but the 
relative share is diminished. On the other hand, the share of the labourer is increased, both abso¬ 
lutely and relatively. Labour takes, of necessity, a constantly increasing jjroportion of an increasing 
product. In this example, the wages of the operatives have increased since 1840,64 per cent, 

(lay and 96 per cent, per hour; since 1830, 77 per cent, per day and+100 per cent, per hour. H) 
wages in money have ensued as the necessary result of the low cost of labour. 

It will be ofiseived that in 1840 the price of standard sheetings being 9 cents a yard it required 
1.18 cents to be set aside for profits, or 13 per cent, of the price, in order to pay 10 per cent, upon the 
c 'pital. Next it required 1.83 cents to he set aside, being 20 per cent, of the whole price to pay wages 
at the average rate of only $175 a year to each operative. In 1884, the price being 7 cents a yard, it 
required less than 6 per cent, of the gross sales, 0*40 cents a yard, to be set aside in order to pay 10 
]}^Y cent, upon the capital, while 1.07 cents being set aside as the share of labour, or a fraction over 
15 per cent, of the gross sales, yielded to the operative $290 in gold. The goods cannot now be 
i-old at 7 cents, and there is little or no profit for the time being. But while 10 per cent, was a mode¬ 
rate rate of profit in 1840, it is an excessive rate in 1884. The business would extend with great 
rapidity if there were a positive assurance of 6 per cent, upon the capital or a quarter of a cent a yard 
and less than 4^ per cent, of the gross amount of sales. 

But it may be said, having assigned 0.40 cents to profits, and 1.07 cents to labour out of 7 cents 
a yard gross value, there remains cents a yard to be accounted for. This of course represents the 
money-cost of cotton, fuel, starch, oil, supplies, taxes, cost of administration, transportation of the 
goods to market, and the cost of selling them at wholesale. 

Does this all go to labour, or is there also a profit to be set aside on these elements ? 

Our space would not suffice to treat each one of these subjects, but it may be said. First, the cotton is 
substantially all labour; there is no large margin of profit at the present time in raising cotton, which 
is mostly produced by small farmers. Second, the other items constituting the materials form a ve^ 
small part of the total cost, and are subjected to profits in small measure only in respect to fuel and oil. 

The cost of transportation yields to the railroads less than an average of 5 per cent, of the capital 
invested, and cotton fabric*? pay but a small fraction of their value even for very long distances. The 
cost of administration constitutes a very small part of the co^t of the goods, and in the general 
treatise of wages belongs to a class by itself rather than to be considered as profits. The charge for 
selling the goods at wholesale does not exceed 1 per cent, to per cent., and a large part of this is 
distributed among the clerks and salesmen who do the work. 

If the subject is analysed,—first, as a whole, and, second, in each department,—it will appear that 
at the present time the proportion of profit which can he set aside from the sale of coarse cotton goods 
sufficient to cover profits in all the various departments of the work, is less than 10 per cent, of the 
wholesale market value of the product, and 90 per cent, is the absolute share of the labourers who do 
the work bf th in respect to materials used and to the finished product. 

It is also necessary to remember in respect to the cotton factory that the value or proportion of 
capital to a given product is greater than in almost any other branch of industry. The proportion of 
capital to product being $1 of capital to each $1 or $1.30 of product, according to the weight of the 
fabric and the quantity of cotton used. In the boot and shoe factory, on the other hand, the ratio of 
capital to product is about $1 to $S; therefore in the l^t and shoe business a much less proportion of 
the gross sale needs to be set aside as profit on the burinei^ to induce its being established. 

On the -whole, so far as the manufacturers of New England are concerned, the average of capital 
to the gross value of the products is one duHar capital to two dollars product; therefore 3 per 
cent, of the gross sales set aside as profit will -rield 6 per cent per annum upon the capital invested 
in the buildings and machiner}% which are apfffiedtothe oonversionof rawer half-manufactured 
material into finished forms ready for final consumption. 

1884 3 H 
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2. The Post Office Savings Bank System of Oa^tada. 

By J. CuraiNGHAM Stewart. 

The history of Pest Office Savings Banks in a new country being wanting in 
what—as applied to the Post Office Savings Bank system of Great Britain—may 
he termed the ^ pre-historic element,’ the records of the Post Office Savings Bank 
in Canada are without those earlier annals which are so attractive in the study 
of the parent system. They become a somewhat bald statement of figures, and of 
results achieved since the year 1868 when, public attention having been directed to 
the success of the Post Office Savings Banks in England, a scheme, in its main 
features a refieetion of the British system, received legislative sanction in Canada. 

From 1868 to 1878 the progress of the Post Office Savings Banks in Canada was 
slow. Since 1878, and up to the present time (July 1884), the increase has been 
rapid.^ There are now 343 Post Offices authorised to receive deposits, with 66,682 
depositors’ accounts in the ledgers of the Bank, and the balance standing to their 
credit is j^lS,245,552, an average of ;^19S.63 (say 401 sterling) in the name of each 
depositor. There have been in all 852,143 deposits and 410,259 withdrawals ; 
223,834 persons have opened accounts, of which 157,162 were subsequently closed. 

The deposits were held among the following classes, arranged in the order of 
the most numerous and wealthy; viz., Farmers^ Mamed woneuy Single 
MechankSf Trustees ami minors, Labourers, Widows, Clerics, Tradesmen, Mis-- 
cellaneous. Farmers are one-fifth of the whole numerically, and own one-third 
of the entire deposits. 

The proportion of depositors to population is:— 

In Ontario 1 to 34; in Quebec 1 to 166. 

In measuring the success of the Post Office Savings Bank by that of its proto¬ 
type, the different conditions of the two peoples—the old nation and the young— 
must be borne in mind. In the older country social and class lines are strongly 
marked, and trades and callings are pursued in such fixed grooves as to narrow the 
outlet for individual energy. In the new dominion, on the other hand, there are a 
restlessness and a movement which are destructive of artificial barriers. There are 
openii^s which attract the energetic and ambitious, and to eveiy man are there 
possibilities in the acquisition of real property, sufficient to absorb all surplus 
wages. The wonder, on examination, is that the Canadian Postal Savings Banks 
have attained measurable success at all. 

In addition to the ^^13,000,000 accumulated in the Post Office Savings Bank, 
the Chartered Banks and their 222 agencies have deposits amounting to 8^87,000,000, 
although what proportion of this is in the Savings Bank departments of the Banks, 
does not appear. Then there are ninety-tliree Building and Loan Societies re¬ 
ceiving deposits at interest, whose liabilities to upwards of 30,000 depositors,, 
according to latest returns, were ;^15,000,000. The old-established Savings Banks 
in the cities of Montreal and Quebec have, in round figures, 89,250.000 in the 
names of 42,397 aepositors. 

The plan of collecting the minimum deposits (one dollar) by means of postao-e 
stamps affixed to a form provided for the purpose,'has not commended itself to the 
Canadian authorities. Neither in this w^y, nor in the issue of pamphlets on thrift, 
has the department attempted a paternal treatment of the people, which would 
hardly be understood in Canada. 

The Post Office Savings Banks .in Canada are maintained at a cost to the 
country of 4^ per cent, on the balance due to depositors. Of this charge the 
interest allowed to depositors represents about 3*85 per cent, and the expenses of 
management 0'25 per e^t. The declared rate of interest is 4 per cent, no interest 
being allowed for any period less than one calendar month. ^ ^ 

The absence of loss is noticeable. Fourteen out of the sixteen years of the 
' ^mgs Bank’s history have been absolutely firee from casualty. 

The mode of ecnnputmg interest, also the form of Depositor’s Ledger Account. 

in the Canadian ^tem. Interest m computed prospectively'' 
a4 per cent, rate rendering the computation of interest by 
mmmij simple. ;rhe plan of computing interest prospectively. 
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now followed in tlie Savings Bank departments of all Canadian Banks^ was '£rst 
introduced in Canada "by the Post Office Savings Bank. 

The form of Ledger Account is remarkable principally from its dispensing with 
tbe process of ruling offi, and adding the debtor and creditor sides at the* close 
of each ;;fear. The saving of labour effected permits tbe annual task of adding the 
interest in depositors’ accounts and of * balancing ’ the ledgers being carried on 
with extreme rapidity. The interest was added to the 66,682 accounts open on 
June 30, 1884, and the accounts themselves balanced in three daja—Le,, on the 
first three days in July—without interruption to the regular daily work on those 
days. 

In the Canadian system such is the daily proof upon the accuracy of the 
ledger entries, that no further or periodical check is employed, except that annual 
verification which the abstracts from the ledgers made in July of each year afford. 

The relation between labour and clerical force bears a striking analogy to the 
conditions in the British Savings Bank department. In Canada there is one 
clerk to each 3,200 depositors’ accounts; in England one to each 3,100. In Canada 
there is one clerk to each 7,900 transactions: in England one to each 8,770 
transactions. These figures hear perhaps the best testimony to the good organisa¬ 
tion of the Canadian service, the British Post Office Savings Bank being universally 
looked upon as a model of successful administration. 


3. Dominion Savings Banks, By T. D, Tims. 


4 Loans and Savings Companies, By W. A. Douglas. 

5. Irish Emigration, By S. Tuke. 

6 . The British Empire in North America and in Amirodasia* 

By W. Westgabth. 

The author, one of the earlier colonists of the still youthfizl Victoria, first 
Preadent of the Melbourne Chamber of Commerce, and the senior member for 
Melbourne in the first Legislature of the colony, clamed full acquaintance with 
one principal part of his subject, Australasia, and, with regard to Canada, he had 
visited it thirty years before, and has now returned to witness with due interest its 
great progress. JBEe opened his subject by pointing to three principal colonial terri¬ 
tories of the Empire; namely, British North America, Australasia, and South 
AMca. He was to deal only with the two first, which, however, were by far the 
more important, and gave promise of being, in tbe fiiture, even the greatest of the 
entire Empire. He had spent seventeen years of his earlier life in Australia, and 
was now, as he said, revisiting Canada. The Canadian Dominion included, in its 
recent auspicious federation, all of British America north of the Unit^ States, 
with the sole exception of the still separate colony of Newfoundland, which, ho'w- 
ever, it can hardly he imagined, is to continue permanently thus outside, Austra¬ 
lasia embraces, in the colonial sense, the Australian main, Tasmania, New Zealand, 
and Fiji. In the geographical sense it would include also New Caledonia, belonging 
to France, tbe Loyalties and New Hebrides groups, and, above all, the great terri¬ 
tory of New Guinea, with the smaller islands on its eastern fiank* South-Eastern 
New Guinea, unclaimed by tbe Dutch, is at length to he added to the British Em¬ 
pire, after some protracted discussion between 3ie Colonial Office and the Auste- 
lasian colonies. These colonies are not yet federated like the Domijiion, but action 
has already been taken in that direction. The author next alluded to the accelera¬ 
tive rate of all modem program, and forecasted the great advance and the vast and 
prosperous interests which the Dominion and Australasia would present even 
within fifty or a hundred years hence. He remarked, in favour of the Canadian 
future, that the cooler and more bracing climates brought eventually the highest 

3 H 2 
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and most vigorous civilisation. This had been the law of human progress in the 
past, as man, by his invention and adaptability had gradually altered and improved 
the original rudeness of nature. But Australasia, with her more genial clime, went 
the fastest ahead at first. Her progress had, in some respects, been even ^eater 
than that of Canada. Her commerce was 606,000,000 dollars yearly, against that 
of Oanada^s 321,000,000 dollars. Her public revenues were 110,000,000 dollars, 
against Canada’s 36,500,000 dollars. But he greatly qualified Australasia’s larger 
figures hy certain explanations. Her public debt, too, in^ her go-ahead way, was 
also very much greater. Although much younger, and with as yet a third less of 
population, her railways were already 7,000 miles, as against Canada’s 9,000. She 
had two cities, Sydney and Melbourne, already larger than Montreal, which had 
190,000, against 330,000 in Sydney and upwards of 300,000 in Melbourne. On the 
other hand, the Dominion was far ahead in her great shipping interest, and stood, 
in fact, fourth amongst the maritime states of the world. He instituted a special 
comparison in the respective products and exports. While those of Canada were 
chiefly timber, breadstufis, and animals, including large proceeds of the fisheries, 
those of Australasia were mainly wool and gold. The wool increased in an almost 
incredible proportion. The gold, owing to its large quantity at first—for some 
years ten to twelve millions sterling yearly in Victoria alone, besides substantial 
amounts in New South Wales, Queensland, and New Zealand—^produced extra¬ 
ordinary efiects upon the former colony’s process in commerce and population, and 
in the values of its properties. As the phrase was, the gold had precipitated 
Australia into a nation. But there were two serious drawbacks to the attractive¬ 
ness and prosperity of Australasia, namely, its convict origin, which had left to it 
an ungainly history, and the liability of , the vast interior of the Australian main- 
l^d to periodical and severe, drought. The convict’ system, although still linger¬ 
ing in west Australia, had happily ceased a generation ago in the more thickly- 
settled eastern section. The liability to drouAt might possibly be much mitigated 
by science and capital in the future; but probably it was more or less a permanent 
feature, due to the irremediable peculfety of physical constitution—a com¬ 
paratively flat and waterless interior, causing scant and irregular rainfall, and 
pervaded at times in summer by hot and desiccating winds. Some remarks 
followed on the physical features of both countries, on their respective aboriginal 
populations, and on their interesting natural history, with especial reference to the 
extreme peculiarities of that of Australasia. The author concluded by glancing at 
the question of the unity of the Empire, and the possibility, and even probabiSty, 
of its disintegration under the present system of conceding a practically free self- 
government to the Colonies, without any concurrent provision of a representative 
government for the whole Empire. The Colonies were consequently growing up 
into a separate political life, and even the most cordial and loyal feeling might be 
insufficient when the real strain came. Happily this danger now excited very 

f neral attention; the bundle of sticks is not so festened as to confer tipon the 
npire all its dues in permanency and power. What are our grandchildren to 
say ifj through our negligence and indifference, they are bom to a lost Empire, and 
above all, how will history judge us ? 
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FMIDAZ AUGUST 29. 

The following Papers were read:— 

1 Media of Exchange: some Notes on the Frecioxis Metals and their 
Egtiivalmts.'^ By John B. Maetin, fJs.S^ 

Gold, or the pursuit of gold, has from all times lain under a han, but the political 
economist recognises the fact that the pursuit is common to all time and e^ery race, 
and that, unless its distribution be altogether unjust, the prosperity of a country 
goes hand in hand with its increase of wealth. The present paper does not embrace 
so wide a scope as the nature and distribution of wealth, but deals with somo 
points concerning the nature of the substances to which the word * money ^ is more 
commonly applied, or their equivalents; and the phenomena which attend the use 
of them. The qualities inherent in gold and silver have caused them to be accepted 
from the earliest time in almost every quarter of the globe as a medium of exchange. 
The acquisition of gold and silver exercises an uncontrollable fascination; to 
acquire them appears synonymous with getting richer, to part with them seems a 
loss of wealth. Hence the ‘gold-fevers' of California and Australia, which have 
no doubt stimulated the development of the country; but, with tho exception of 
some luehy prize-winners, have not enriched the majority of the venturers. Hence, 
too, it has been an aim of statecraft to attract the import of bullion and to dis¬ 
courage its export; but the true nature and functions of gold and silver are now- 
better understood, and they are recognised to be merely commodities which, 
neither as regards each other nor in reference to other commodities, can be of 
fixed value. Their comparative steadiness in exchangeable power is mainly due to 
the small proportion which the annual increment bears to the total of the world's 
stock, and in this respect they differ in a marked degree from articles of food 
or manufacture; but at the same time the purchasing power of gold appears on the 
whole to have increased steadily. The oscillations of prices observable during 
brief cycles of jjears are the subject of great difference of opinion among experts, 
and their cause is only partially due to increase or decrease in the out-put of gold 
and sil^ver. 

The precious metals are of comparatively little service for the needs of home 
trade until they are converted into coin: in this latter condition the advantages are 
obvious, the disadvantages are less patent. The question as to the rights and respon¬ 
sibilities of the Executive power in the matter of coining are the subject of con- 
trover!^, especially in view of the fact that any excess over its bullion value that 
coin may possess necessarily disappears at the frontier. At the best a mint-charge 
is a tax on the mine. To make any charge beyond the cost of manufacture is a 
dangerous temptation that has before now often overcome rulers to the confusion 
of the trade of their country. The loss by wear and tear is another drawback to 
the -use of a metallic currency, for the loss is total and irreparable. 

The admitted advantages of a metallic currency do not prevent it from being 
inconvenient in the settlement of large transactions, or in transport in considerable 
bulk. Hence has arisen the widespread use of Bank-notes, originally certificates 
for bullion or coin deposited with a goldsmith of good credit. In many European 
countries State-banks were founded % the grant of issuing powei^ from the State 
to an association of indi-vdduals who had made advances to the public exchequer. 
The most complete State-bank is that of Bussia; England, France, and Germany 
have only quasi-State banks j Switzerland and Italy most closdy approximate to the 
National !&nk system of the United States. But paper money can never be, it can 
ordy represent, money; the absorption of paper money in any country depends on 
a variety of causes, such as wealth, habit, stability of government, and especially 
on the extent to which the banking system is developed, A companson of me gold 
value of the paper circulation per head in various countries shows some sin^ar 

* Printed in> esstejm for private circulation only, by Blades, East, & Blades, Ab- 
church Bane, E,0. 
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apparent anomaUes, whose explanation must he sought m the causes alluded to. 
To increase the volume of paper money when the point of satiuation has been 
reached is impossible, and its result can only he nominally to raise prices, and to 

expel bullion fi:om the country, ^ 

The development of a good banking system has the greatest ettect in economising 
the use of the precious metals; the use of the Post Office for transmitting small 
sums, and the growth of savings hanks, has the same tendency. On the other hand, 
an increase of population and wealth, and an accompanying tendency to a rise in 
wages, act in the opposite direction. It is extremely difficult, perhaps impossible, 
to say what is the effect of the sum of these forces. 

Many attempts have been made to improve on the existing system, and the 
decimal svstem and international coinage, closely allied topics, have a vast literature 
of their own. There is a gradual tendency to unification; for some time the 
United Kingdom and the United States, and far more recently Germany and Italy, 
have had a national currency; hut as long as in England alone we have almost as 
many measures of wheat as we have markets, it is at least sanguine to expect a 
change in our system of currency, or the adoption of an ideally perfect system, such 
as is attributed by Montesquieu to a tribe of Central Afcica. 


2. National Belts} By Michael Gt. Mtjlhall. 

Starting from the time of the Treaty of Utrecht (1713), we find the debts have 
risen thus;— 



Millions sterling 

1713 

1763 

1793 

1816 

1848 

1870 

1884 

Great Britain . 




54 

147 

370 

841 

773 

801 

756 

France 




48 

110 

32 

140 

182 

468 

995 

Germany . 



ft 

— 

— 

— 

53 

40 

148 

334 

Bussia 



• 

— 

— 

30 

50 

90 

280 

665 

Austria . 




10 

15 

20 

99 

125 I 340 

608 

Italy. 




— 

— 

— 

25 

36 

374 

438 

Spam 




7 

11 

20 

62 

113 

285 

330 

Portugal . 




— 

— 

1 

8 

17 

69 

107 

Holland . 



• 

— 

— 

70 

110 

114 

76 

84 

Belgium . 



* 

— 

— 

— 

— 

18 

28 

78 

Denmark , . 




_ 

_ 

— 

4 

12 

13 

12 

Sweden and Horway. 



_ 

_ 

— 

— 

1 

6 

20 

Greece ♦ 




— 

— 

— 

— 

10 

18 

18 

Turkey 




__ 

_ 

— 

— 

— 

92 

148 

Roumania. 




_ 

_ I 

— 

— , 

— 

—, 

27 

Serda 




— 

— 

— 

— 

— 

— 

1 ^ 

Europe 




119 

283 

543 

1,382 

1,531 

2,988 

4,414 

United States . 




— 

— 

17 

26 

48 

496 

305 

Spanish America 




— 

— 

— 

— 

17 

135 

196 

Canada 


• 


— 

— 

— 

— 

— 

17 

38 

Australia » , 




— 

— 

_ 

_ 

_ 

37 

116 

India * 


« 


—, 

— 

9 

29 

51 

108 

160 

Japan 




— 


— 

— 

2 

10 

67 

Egypt 




— 

—, 

— 

— 

— 

37 

113 

South Africa . 




— 

— 

: — 


— 

2 

23 

The World , 

• 

• 

• 

110 

283 







* Published in full by Messrs. Eoutledge, Ludgate Hill, London, 
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From the Treaty of IJtrecht till the French BeToluSoh—a period of 'eigh^ 
years—^the debts of nations rose 450 millions, that is, almost six millions a year. 
During the ensuing twenty-two years, down to the battle of Waterloo, there was 
a rise of 868 millions, or nearly forty millions per annum. From Waterloo 
down toithe present the increase has been 4,000 millions, or, almost sixty millions 
yearly. .From 1848 to 1884 the debts have risen almost 3,800 millions, or 105 
millions per annnm, and the money found employment as follows;— 



If we sum up all under four periods we fihd~the account stands thus 



Thus it may be said that 60 per cent, of the existing debts stand for war 
expenditure, and 40 per cent, for reproductive works, ^ 

The British National Debt was a great burthen sixty years ago, but now it is 
felt by no one. In 1817 it was equal to 35 per cent, of the national fortune; at 
present it is only 8 per cent. The following table shows its rise and decline:— 





Debt ratio 

Year 

Debt 

Wealth 

To Wealthpercent. 

Per Inhabitant 

1702 

16 

490 ! 

3’3 

£ 

3 

1763 

147 

1,100 

13*4 

16 

1797 I 

413 

1,800 

22-9 

40 

1817 

841 

2,400 

35*0 

42 

1 1860 i 

826 I 

5,560 

' 14^'9 

28 

1 1884 

_ 

756 ^ 1 

9,030 

8*4 

1 21 


’ The British debt is at present less than five years’ savings, for we find that the 
^cumulations of wealth between 1870 and 1880 averaged 164imlHons annum. 
An d if we compare the annual charge for service of the debt with the^ national 
eiunings, we find that the earnings of oight days cover the former, which is lea^ 
than in most countries, viz.:— , . 
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Millions sterling 

Days of 
earnings 
to cover 
debt 
charge 


Millions sterling 

Days of 
earnings 

Debt 

charge 

Annual 

earnings 

Debt 

charge 

Annual 

earnings 

to cover 
debt 
charge 

Great Britain 


29 

1,247 

8 

Greece.... 

1 

23 

15 

France. . . 


39 

965 

15 

Turkey.... 

5 

105 

IT 

Eussia . . . 


20 

760 

10 


— 


— 

Austria . . 


24 

602 

15 

Europe . , . 

ITO 

6,4S5 

11 

Germany . . 


13 

850 

6 

United States . 

12 

1,420 

3 

Italy . . . 


17 

292 

20 

Canada . . . 

2 

118 

6 

Spain . , . 

* 

9 

188 

18 

Spanish America 

10 

390 

9 

Portugal . . 


.3 

48 

21 

Australia . . , 

5 

133 

14 

Belgium . , 

«* 

3 

120 

9 

India . ^ . 

7 

440 

6 

Holland ^ . 


3 

104 

10 

Japan .... 

4 

290 

r> 

Denmark ^ . 


3 

47 

21 

1 Egypt .... 

6 

45 

40 

Sweden and Nor- 

1 

104 

3 

1 South Africa. . 

1 

22 

16 

way 





i - 









j TheWoild . . 

216 

8,313 

9 


The burthen of annual charge for the continent of Europe is 141 millions^ 
which is equal to twelve days’ earnings, against eight in the United Kingdom; 
therefore the debts of the Continent are relatively 60 per cent, heavier than in 
Great Britain. On the other hand, the United States require only three days’ 
earinngs for service of their debt, whereas in Australia the relative burthen is 
double what it is in Great Britain. 

The relative magnitude of debt appears in compaiing it with wealth as in the 
following table:— 


{ 

Millions sterling 

Debt ratio to 
Wealth 
per cent. 

I 

Debt 

lYealth 

United Kingdom . 




756 

9,030 

8-4 

France .... 


, 


995 

8,340 

11-9 

Germany 




334 

6,403 

6-2 

Eubsia .... 




555 

4,363 

12*7 

Austria .... 




508 

3,693 

13-8 

Italy .... 




438 

2,371 

18-5 

Spain .... 




330 

1,609 

20 6 

Portugal 




107 

375 

28*5 

Holland 




84 

1,005 

8-4 

Belgium 




78 

828 

9*4 

Danmark , , 




12 

372 

3-0 

Sweden and Norway . 




20 

991 

2'0 

Greece .... 



• 

18 

213 

8-5 

Europe . , . , 



1 

4,235 

39,693 i 

lO-G 

United States 




305 

10,335 i 

2*9 

Canada .... 




38 

680 

1 5-6 

Australia 




116 

C34 

[ 18^3 

Aacgentine Eepublic 




29 

368 

! 7-9 

Uruguay 




; 12 

81 

1 14-8 

Total 

• 



4,735 

51,691 ’ 

9'3 


HaAjad deto at© IMy to go on increasing fully 100 millions a year, but 
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)iiblic wefLltb in Europe increases four and a half times faster, as seen by comparing: 
.884 witb 1848, The increase of debt is not necessarily an etil. 


3. Canadian Finance. By J. McLennan. 


4. On tJie Froduction and Consumption of Meat in the United Kingdom^ 
By Major P. G. Ceaigie, F.S.S.^ Secretary of the Central Chamber 
of Agriciilhire of Great Britain. 

Few subjects come more legitimately witJiin the sphere of this Section of the 
British Association for the Advancement of Science than the food supplies of the 
people, and few subdivisions of the food question generally have at the present 
time a closer interest to consumers and producers alike, than attaches to an inquiry 
into the sources, the dimensions, and the future of our supplies of meat. Although 
the English people have ever been a meat-eating race, little statistical inquiry has 
been directed into the amount annually consumed in the United Kingdom, or into^ 
the conditions of the profitable production of meat. Attention has, however, beem 
recently fijrawn to these matters by the growing dependence of the British con¬ 
sumer on meat reared beyond the sea, and by the losses, direct and indirect, which 
have unfortunately attended the introduction of foreign contagious diseases along 
with the live-stock imported from abroad to supply our lack of native produce. 

Only for the past 16 years have we any accurate data for contrasting the- 
number of meat-producing animals with the growing voliune of our population. 

In 1868 the population of the United Kingdom was 30,618,000 souls, residing* 
on a superficial area of 78,00(i,00U acres, whereof 45,653,000 acres only were 
accounted for as ^ under cultivation.’ It would not he quite accurate, however, to* 
suppose that two-fifths of the surface of the countiy contributes nothing to the- 
meat supply. Animals are undduhtedly depastured on many of the mountainsj^ 
moors, and marsh lands, especially in Wales, in Scotland, and in Ireland, whicK 
are officially included in the ^ uncultivated ’ area. 

In 1883 the population had increased by 5,000,000 persons, or over 16 per cent.. 
in 16 years. Neither the so-called cultivated area of the kingdom, which appears* 
to have been augmented by 2,000,000 acres, or 4 per cent., in the same interval, nor 
the number of meat-yielding animals kept by our farmers, have kept pace with this^ 
growth of population. The cattle were more numerous in 18S3 than in 1868 by 
just a million head, or 11 per cent., and the pigs by 800,000, or 25 per cent.; but on 
the other hand the sheep stock of the country had become smaller by upwards*. 
of 7,000,000 animals, or a loss of more than 20 pr cent. 

No official data exist whereby to determine the average weight of meat 
yielded annually by our flocks and* herds at the two periods contrasted, but on the 
basis of an assumed or standard yield in pounds of dead meat for each class of 
stock, it is possible to present, as I have tried to do bj’ a diagram, the fluctuations^, 
in the supplies aimually produced at home. Adding to this estimate the known 
and officially recorded weijiht of foreign meat landed alive or dead on our shores^ 
in each ypr, it is clear we possess for the 16 years, 1868-83, inclusive data froim 
which it is easy to coutotruct a graphic representation of the changes which have- 
taken place in the consumptiun of animal food. We can thus compai‘e the gross 
increase with the increasing number of mouths to be fed, and by discriminating as* 
far as possible between the sorts of meat grown or imported, the relative consump¬ 
tion of beef, mutton, or pig-meat, may be observed. 

The diagram I have constructed represents in each of sixteen annual columns* 
placed side by side weight in tons of the year’s supply, divided into dx classes 
of meat. These are, reading upwards: (1) home-grown beef, including veal; (2> 
home-grown mutton and lamb; (3) home-grown pig-meat of all descriptions; 
the‘ aggregate of these three lower divisions showing, of course, the whole native 
production. The next Section (4) represents, equally in tons, the proportion, 
ammally supplied by our entire live imports whether of cattle, sheep, or pigs 
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(5) gives in tons eaclx yearns imports of beef and mutton, tbe official returns being 
too imperfect to allow of a separate classification of these items for the earlier 
years, while the last section (6) represents that part of our foreign supply^ which 
has most largely developed, namely, imported pig-meat such as bacon and pork. 


Meat Supply op the Uhitbd Kinodom 
IN Tons. 

Distingiiislimg Home Produce of Beef, Mutton, and Pig-meat and Poreign Live and Dead Jinporta. 
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Before drawing deductions from these figures, I should state that of'course 
more methods than one are possible in estimating the home produce. In default, 
of any officially accepted scale, I venture to adopt with but slight variation, as 
sufficient at all events for comparative investigation, the scale proposed 13 years ago 
by a well-known agriculturist, Sir H; M. Thompson, and corroborated in various 
particulars at later dates by the inquiries of Sir James Oaird and other statists. By 
that scale one-fourth of the cattle enumerated on each 4th of June, and two-fifths of 
the sheep are assumed as going annually to the butcher, while as far more pigs are 
slaughtered in a year than could be counted on any given day, 116 per cent, are 
taken as the proportion killed. The weight of meat is arrived at by adopting for 
the cattle of aU ages an average of 600 lb. per head, the sheep I have taken at 
70 lb. and the pigs at 134 lb. The equivalent weight representing the meat 
derived from imported five animals is arrived at by taking the average weights 
recorded for the first time by our Agricultural Department in their Report for 
1883. TiTbile of course the weight of all forms of imported dead meat is given in 
the records of our Custom House authorities. 

The selection of a fixed ratio of annual production depending solely on the 
numbers of our^ stock may of course be chafienged. Prices, competition. Climatic 
<5Cinditions, or disease, may make the home meat sent to market vary greatly from 
to year, and it may be urged that the imported supplies should be taken as 
the only absolutely known weights, that one invariable standard of 
inffivrdaa! consumption should then be assumed, and the total, which would then 
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rise regularly witli the growth of population, would leave a varying balance repre¬ 
senting the home produce to fluctuate accordingly* I am, however, disposed to 
think that there is quite as much to be said as to a probable fluctuation in the 
amount of meat consumed by our people one year with another, as may be urged 
for a fluctuation in the* ratio of production from the enumerated herds of any 
period, and at all events for comparative purposes I ofier the result of my own 
estimate, until hy closer inquiries something better and more definite is arrived at. 

The lessons of the diagram as it stands, taking first of all the various sections of the 
supply in detail, are these. The production of beef has been nearly uniform, a^r the 
first four years, 1868-71, of the period. In these years our herds averaged 9^ million 
head of cattle, yielding only 615,000 tens of meat a year. Since that time we have 
never raised less than651,000tons, or more than688,000tons per annum—that largest 
outturn occurring once only, in 1874, one of the proverbially ^ fat years ’ of British 
agriculture. Clearly, therefore, the native beef supply at all events has not kept 
pace with the popidation. The yearly ration of me British consumer, so far as 
home-produced beef is concerned, was 44.J lb. in 1868. It subsequently reached 
indeed 47 lb. in 1873-5, but speedily shrunk again to 42 lb. in 1882, and stood at 
42J lb. last year. Until 1876 the foreign supply of beef imported alive only once 
reached 4 lb. per head of our people; usuaUy the quota was nearer 3 lb. Since 
that date the transatlantic trade in live ainmals has added materially to that figure. 
In 1880, 7 lb. of beef per head was imported; in 1881 and 1882, owing to a smaller 
transatlantic supply, 6 lb. was about the total, while last year about 8 J lb, of 
beef per head was obtained by imported live cattle. The salt beef imported is 
quite an insignificant item* It furnished only ‘87 of a pound in 1868, and was just 
the same in 1883, and only once in sixteen years has it reached a pound per head. 
The growth of the trade in fresh beef is very different* This branch of the dead 
meat trade now supplies England with more tons of meat than we received from 
all the live cattle imported in 1868. The foreign fresh beef was then 227 tons 
only, whereas in 1883 it was over 40,000, and a 10 per cent, further increase is 
sho^ in the first half of 1884. From being but a fiftieth part of a pound per 
head, it has risen to 2| lb. per head. On the basis of these estimates it appears 
that we eat some 6 lb. more beef per head now than we did sixteen ye^ ago, the 
consumption having risen from about 48 lb. to 54 lb; per head, but notwithstanding 
tMs two pounds less of each person’s yearly ration is raised on our own soil. 

The state of the case as regards mutton cannot be determined with the same 
accuracy, owing to the failure of the customs returns to indicate separately the 
amount of our importations of fresh and preserved mutton. In this case, however, 
the reduction in home supplies is very remarkable. The year 1868 showed larger 
flocks in the United Kingdom than have ever been enumerated since, so that 445,000 
tons of mutton may be assumed to have been yielded from our pastures that year, 
enough to give each unit of the population an annual allowance of 32J lb. Only 
in one other year, 1874, did the home supply reach 30 lb. a head, and since then 
our flocks have been greatly reduced owing to the combined effect of losses from 
disease, especially that known as hver-fluke, the low value of wool, and the 
generally impoverished condition of our farmers, so that on the same scale! we 
produced only 354,000 tons of mutton in 1883, equal to a ration of 22lb. per 
head, Nor has the loss in this case been supplied from abroad. The live imports 
of sheep in 1868 were not quite equivalent to 10,000 tons of mutton or under 
three quarters of a pound per head. This rose indeed to 30,800 tons in 1876, or 
2 lb, a head, but the supply fell off again until 1882, when 31,000 tons were 
received, and 1883, when 30,812 ions were accounted for, This^ is equivalent to 
rather less than 2 lb* of foreign live mutton per head of our existing population. 
The dead meat imports of mutton have never till the last few years been con¬ 
siderable, and, as I have shown, they are not even now properly distinguished. The 
special trade in frozen carcases of mutton, for the most part though not exclnrively 
from" our Australasian colonies, largely as it has lately been developed, only 
furnished three quarters of a pound to each man, woman, and child in the year 
1883. 

. the supply of what I have called pig-meat—bacon, pork, and hams—has 
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varied much. The home produce of 1868 was 221,000 tons, equal to a little over 
16 lb. per head of the people; it rose as hip^h as 290,000 or 20 j lb. in 1872. In 
1880 it sank to 199,000 tons, or less than 13 lb. per head, and for 1883 it may be 
taken at 277,000 tons or 17J lb. per head. A great increase has taken place, 
however, in the foreign supplies of bacon, ham, and pork. There seems to have 
been but 39,460 tons received in 1868 as against 202,900 last year, and even that 
was bv no means up to the figures of 1878—81, when from 234,000 to 287,000 tons 
were imported, the year 1880 being remarkable for the consumption of over 18J lb. 
of foreign pig-meat against under 13 lb. of British and Irish growth. It is quite 
clear that, placing the home and foreign supply together, much more pig-meat is 
used by the population than formerly, the 19 lb. per head consumed in 1868 being 
now over 30 lb,; and the foreign portion, which sixteen years ago was less than 
3 lb. per person, has become virtually 13 lb. per person. 

Looking at the total supplies of all classes of meat, therefore, the aggregate is 
greater than in 1868 by something like 29 per cent., or 400,000 tons of meat. This 
is a larger increase than can be caused by the growth of population, for which 
217,000 additional tons would have sufficed; more meat we may safely conclude, 
therefore, is being eaten than was the case in 1868, and this agrees with our every¬ 
day experience. But it is almost wholly an increase met hy importation, not by 
home production, as the table I subjoin very clearly shows. 


AeoREOATE Meat Supplies. 


Year 

Home 

Foreign 

Total 

Home 
per Head 

Foreign 
per Head 

Total per 
Head 


tons 

tons 

tons 

lbs. 

lbs. 

lbs. 

1868 

1^74,000 

99,914 

1,373,914 

93*20 

7*31 

100-61 

18fi9 

1,246,000 

139,297 

1.386,297 

90*25 

10*13 

100*38 

1870 

1,281,000 

131,885 

1,412,885 

91*97 

9*45 

101*42 

1871 

1,305,000 

189,991 

1,494,991 

92*77 

13*50 

106*27 

1872 

1,344,000 

207,714 

1,561,714 

94-57 

14 61 

109*18 

1873 

1,362,000 

270,688 

1,622,688 

94*28 

18 87 

113*15 

1874 

1,369,000 

250,418 

1,619,418 

94*67 

17*30 

111*87 

1875 

1,342,000 

258,449 i 

1,600,449 

91*78 

17*68 

109*46 

1876 

1,327,000 

316,669 

1,643,669 

89*08 

21*44 

111*42 

1877 

1,330,000 

295,326 

1,625,326 

89*07 

19 78 

108*85 

1878 

1,322,000 

396,795 

1,718,793 

87*61 

2630 

U3'91 

1879 

1,292,000 

442,046 

1,734,046 

84*73 i 

28 99 

113*72 

1880 

, 1,238,000 

517,632 

1,755,632 

80 40 

33 69 

114*09 

1881 

1,230,0(»0 

469,218 

1,689,218 

78*88 

29*46 

108*33 

1882 

1,278,000 

353,532 

1,631,632 

80 84 

22*44 

103*28 

1883 

1,307,000 

467,482 

1,774,482 

82*17 

29*09 

111*56 


The head rate of consumption, which apparently stood at a little over 100 lb. 
per head at the beginning of the period, has risen to upwards of 111 lb. now, but 
whereas the British or Irish farmer supplied over 93 lb. out of the average indi^ 
vidual consumption of 100 lb., he now furnishes little over 82 lb. out of 111 lb. 
We rely on the colonist or the foreigner for 29*4 lb. per head now, whereas sixteen 
years ago we had to purchase from him 7*3 lb. only. These are great changes. 
The foreign supply has not only filled up the deficiencies of our produce so far as 
beef and mutton, taken collectively, is concerned, so that the head rate of con¬ 
sumption of these commodities remains almost exactly as it was before, at some¬ 
what over 81 lb. per person, but it has further enabled ua to indulge more liberally 
in the various forms of pig-meat by raising the head rate in this respect from 19 Ih. 
to over 30 lb. per person. 

It is not without interest to contrast the two forms in which these foreign 
si^plies have reached us. In the earlier years of the sixteen more than half of 
our foreign supply reached us alive. Now, vastly as the live importations have 
that of dead meat has much more rapidly developed. All the live 
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animals disembarked on our shores on the average of recent years do not furnish 
as much as one-third of the foreign meat supply. WhEe the advance in live 
importations is 270 per cent, that in dead meat is 450 per cent. 

If I had endeavoured to arrive at the total production of meat in the United 
Kingdom in an opposite manner to that adopted^ hy assuming that the con¬ 
sumption varied only with the population, and by a uniform rate per bead, and 
assuming as a standard the 100 lb. limit of consumption current in 1868, it would 
have seemed that the home produce had fallen off not only relatively but absolutely. 
But such a mode would have made it appear that equal stocks of aT>inifl.1a on our 
farms were not producing anything like the same amount of meat as before. No 
one conversant with the advance of agricultural practice, the growing weights of 
our fat stock, and their earlier maturity, will readily accept such a concluaon 
Indeed, but for the repeated invasions of disease, and especially the spread of 
foot-and-mouth disease, with its serious and lasting effects on the breeding powers, 
a marked increase in annual outturn might have been looked for. 

There is, however, another consideration which should not be overlooked. 
What I have called our home production is not, sti’ictly speaking, sustained solely 
by British acres. The soils of other lands are made tributary to our stock pro- 
duciaon. There is now a very large importation and use of foreign feeding stuffs 
linseed, cotton seed, and other cakes, maize, and so forth, which plays a considerable 
part in the fattening of native stock. Without these external helps we should not 
turn out the 1,300,000 tons yearly on which I have reckoned. Sir John Bennet 
Lawes, than whom no man is more fitted to pronounce an authoritative opinion, sets 
down from 40,000 to 50,000 tons of meat yearly as representing the annual result 
of imported feeding stuffs. Although not a very large share of the whole it would 
probably place the outturn of 1883 behind that of 1868, and the cost and sources 
of such additional food must necessarily he a consideration not to be left out of 
sight by those who are recommending the English farmer to undertake to fatten 
a vastly increased supply of lean store stock from the prairies of the far W^est, 
Nor is the addition to the productive capacity of our soil due to the use of foreign 
manures an unimportant consideralion in the production of meat. Upwards ot 
2 ,000,000^. are being now annually spent on guano and imported manures, and 
between 8,000,000^' and 9,000,000A are yearly paid for suA feeding stuffs as I 
have named, independent of the purchase of maize and other foreign grains for 
feeding purposes. It is hardly possible therefore to refuse to recognise in these 
considerations conditions which may seriously check the profitable fattening of an 
unlimited supply of butcher meat. 

Especial interest has attached of late to the sources of our foreign supplies so 
far as these are furnished in the shape of living animals. The risk of impoHing 
disease and the necessity for the most stringent precautions have, doubtless, in some 
degree restricted a still larger importation of foreign live stock, and possibly these 
very proper restrictions have given a fillip to what I must regard as the superior 
form of that dead meat trade which, as has been shown, has most remarkably 
increased of late. Still, however, as long as it remains profitable, we are likely 
to have live animals sent across the ocean, and the recent changes in the quarters 
whence we derive our main supplies are sufficiently striking to attract attention. 
In presenting these also in a graphic form a lesson may be taught to the exporters 
of cattle from the side of the Atlantic where this paper is read to the pre¬ 
eminent necessity of the most complete sanitaiy system of protectmg their own 
stocks if they mean to dispose of their surplus in Great Britain, and if their trade 
is to be a growing one. 

In the diagram subjoined I divide the imports of live catlle during the past decade 
into three classes, represented by three parallel columns in each annual division: 
(1) those coming from the American Continent, whether Canada or the United 
States; (2) those from the three Scandinavian countries, viz., I^mark, Sweden 
and Norway; and (3) the imports from all other European countries. 

The transatlantic trade in cattle only becomes appreciable in 1876. But since 
1877 the receipts of live cattle firom the United States have risen, though with 
some remarkable fluctuations, from 11,500 to 164,600, and the Canadian quota 
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fiom 7,600 to 63,200 head. The Scandinavian group of countries which sent us 
only 36,000 head in 1874 increased steadily till their supply is now close upon 
147,000 head. On the other hand, those older countiies, such as France, Belgium, 
Holland, Germany, Spain and Portugal, whence ten years since we drew 166,600head 
of stock out of 193,000, have, after a veiy slight increase m 1875 and 1876, dropped 
both absolutely and relatively to the whole ppply to a distmctly inferior position 
as a source ot beef provision to Great Britain, the total having fallen in 1879 to 
87,800 head, and standing in 1883 at 118,000 head out of a total of 473,000. 
From having sent us four-fifths of all our foreign cattle they are reduced to 
providers of less than a fourth of the imports. This change of trade is in a large 
measure due to the pievalenee of one form or another of contagious disease. The 
Scandinavian countries hy resolute efforts ffeed their territory from contagion and 
reaped the reward in a healthy export trade. The relative freedom from disease, 
which, except in a few districts of the United States, has distinguished the Ameiican 
continent, has up to this time enabled Great Britain to purchase largely of the 
surplus of the American and Canadian cattle men, but on the other hand those 
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districts of the world where disease is rife or imminent must be regarded by iho 
United Kingdom with more or less suspicion, and as the whole foreign supply 
is hut a fraction of the country’s food, the British Privy Council is bound most 
narrowly to watch and check importations even from suspected sources. The 
live stock trade must for the future he carried on, if it is not to give place wholly 
to one in dead meat, mainly with those countries who possess and cherish a clean 
bill of health, and show themselves alert in keepmg disease from their borders. 

I could show the same features in the case of our imports of sheep. Although 
there has been nothing like the same increase in the total receipts as in the case of 
cattle in the past ten years, the sheep supplies from all quarteis numbering 085,000 
head in 1876, and 1,113,000 in 1883, the transatlantic share has risen from zero to 
18,000 head, and the Scandinavian from 16,000 to 126,000, while the receipts 
from all other quarters which were not far from 800,000 head in 1874, are but a 
few thousands over that figure now. 

^ Of the whole live imports which Great Britain lecoives at the present time it 
is instructive to note that a yearly ration of something like 3^ lb, out of the whole 
comes from the United States, while Canada furnishes another 14 lb for 
^hm^ woman, and child in the United Kingdom. It cannot therefore be 
moippoitoie to impress on a Canadian audience the lesson which these figures 
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teach, and to ur^e them zealously to preserve their flocks and herds from disease, 
whether for their own safety or for the prospect of trading with the mother 
country in the matter of meat supply. 


5. British and Canadian Agriculture^ By Professor J. P. Sheldon, 

The competition of the old and new countries is growing keener, and contains 
certain elements which were never expected by our fathers. The volume of this 
competition will become much greater on the part of the new country, but we 
cannot foretell the lines on which it will be developed, or the surprises that may be 
in store. The transatlantic trade in fresh meat and in live animals, developed in 
these last ten years, is a striking instance in point, and may be supplemented by 
other unlooked-for surprises. The export of cheese from Canada has greatly in¬ 
creased, while that in butter has decreased, of late years; this is owing, as butter 
is now made and packed in Canada, to the superior advantages which cheese 
afibrds for transit purposes. By improved methods of packing butter, however, 
Canada ought to win over a good portion of the West Indian butter trade, which 
at present belongs almost entirely to Denmark. The competition of Canada with 
England in the future will be more in the form of animals and their products than 
in that of grain; her exports of wheat prove already that she is devoting herself 
more to live-stock and dairying. The competition of India in the domain of wheat¬ 
raising vdll he more serious to Canada than 'ever that of Canada was to England, 
and prices of hreadstuffs are destined to contract stiU more. India, with her suit¬ 
able climate and abundance of cheap labour, can produce wheat at a very low cost. 
While the eastern provinces of Canada are, in many parts of them, wkl adapted 
for live-stock farming, and for the production of dairy goods, which may also be 
said of the vast district comprised in what is termed the ^ foot-ldlls of the Rockies,’ 
the great plains of the North-West Territory, themselves also well suited to stock- 
raising in many parts, promise to become the chief granaiy of the American 
continent. The laying down of land to grass in England is still going on, and the 
number of live-stock is increaang. Wet seasons have impoverished British farmers, 
who, hcywever, are better shielded now by law against confiscation of improve¬ 
ments. Agricultural tuition is improving, and it is by improved practice and the 
help of an increasing population, that the English farmer may hope to meet foreign 
competition. The present position of the English labourer will not compaie un¬ 
favourably with that of the labourer in Canada, save that the Canadian has a 
better chance of raising himself to better things. But, in any case, the English 
labourers of to-day are better fed, better clothed, better boused, better paid, and 
better taught than their fathers were; and, with due sobriety* and economy, he 
can raise his family better than they coxild, and also lay by a store against a rainy 
day. _ 


6 . The Position and Prosj'iecis of British AgriculiuT-e} 

By Professor W. Eeeam, B,8c,, F,L.8,, F,G.8. 

The present critical position of British farming has been induced by a series of 
wet seasons, accompanied by the widespiead disease of live stock, and one of the 
chief results has been a lowering of farm rents. The acreage under corn crops, and 
particularly wheat, has continued to decrease, while that under permanent pa^ure 
has increased. During the six years 1878 to 1883, 340,659 acres have been 
brought into cultivation, but during the same period the increase in permanent 
pasture has been 1,223,126 acres, or nearlj four times as much, so that 882,467 acres 
which in 1878 were under other cropping are now in permanent pasture. Tho 
former number (1,223,126 acres)^ somewhat exceeds the area of Lancashire, the 
sixth in size of the English coimties, while the latter number (882,407 acres) repre¬ 
sents an aiea larger than that of Wilts, the thirteenth in size of the English 

^ Published cicfwa in the Agricultural XortJt Britlsli AgriCidtuTht^ 

Montreal Heraldt &c. 
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counties. In 1878 we ^rew 3,381,701 acres of wheat, and in 1883 only 2.713,282 
acres, the latter year showing a decrease of 20 per cent, on tlie former. 

Our import of wheat from all sources in 1870 was 60,368,140 cwt., and since 
then the average increase has been 1,000,000 cwt. per annum. But while the 
imports from the United States and Canada have diminished, those from India 
have undergone an enormous increase, British India having sent us loss than 
1,000,000 cwt. in 1879, and upwards of 11,000,000 cwt. in 1883. 

The principles involved in the laying down of land to permanent pasture are 
becoming better understood, the numto of species of grass employed is more 
restricted, and there is an increasing determination to employ nothing but clean, 
pure, and fertile grass-seeds, so that seed-adulteration is largely checked. Of 
plants new to agriculture, comfrey has secured a limited recognition, while the 
weed spurrey, now recommended to be grown for ensilage, has all its way yet to 
make. 

A determined crusade is being made against crop-destroying insects. The last 
serious attack of turnip-fly, in 1881, is estimated to have cost English and Scotch 
farmers as much as 671,930^; and in 1882 the English hop-growers lost through 
the ravages of the hop-aphis 1,300,000/., not less than 200,000/. of which represents 
wages lost to the hop-pickers. 

Ensilage is receiving a fair trial at the hands of British fanners, and is most 
likely to prove successful, if at all, on farms where a large number of stock have to 
be wintered. But silage can never become the marketable commodity that hay is, 
on account of its perishable nature, and from the fact that 80 per cent, of its 
weight is water. 

Foot-and-mouth disease has proved a dreadful scourge during recent years, hut 
the farmers’ demand that British ports should be closed against live stock from 
infected foreign countries was certainly not prompted by the desire, or rather the 
intention, of introducing the thin end of the wedge of Protection. The majority 
of our farmers are reconciled to Free Trade, because they regard it as the 
inevitable. 

The price of wool continues to decrease, and this article is now little more than an 
agricultural bye-product. Importations of colonial wool completely swamp the 
home growth. On the other hand, the price of pedigree live stock is well main¬ 
tained, and it is in supplying the markets of the world with the best slraius of 
bovine and ovine blood that one of the brightest outlooks of the future is to 
be sought. 

Dairy-farming is largely on the increase, and this, combined with breeding, is 
tbe most profitable^ development British agriculture is likely to see in the near 
future. Great and important improvements have been intinduced in the practice of 
dairying j the supply of milk to large towns is a rapidly-increasing industry, but 
our produce in cheese and butter still lacks that uniformity of character which it is 
desirable it should possess. 

Looking forward, it is probable that rents, except on first-class dairy-farms, will 
continue to decline, and the rent of land at home will approximate to that of land 
easy of access in the Colonies. ^ Farmers will possess a better technical education 
than heretofore, land owners will take a more direct interest in the cultivation oKhe 
soil, and land agents will, through the eiforts of the Surveyors' Institution be 
better qualified to discharge the imjportant duties that devolve upon them. Home 
railway-freights on home-grown agricultural produce will probably be modified to a 
sufficient extent to at least place our own farmers on a level with those in other 
comitries. ^ Permanent pasture will go on increasing, and the acreage under corn 
will diminish, though never become evanescent. Dairy-farming and stock-hreedin«- 
are the sheet anchors of the future. ® 


7. The Agricidtuml Eesources of Ontario, By John OASNEeiE. 

ljus paper does not, as its name implies, deal with the resources of the entire 
but only with the southern, and already moderately well-developed, por¬ 
tion Of It, Although the part dealt with contains only about one-fifth of its entire 
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area, or about 25,000,000'acres, yet it is claimed that; owing to favourable 
-climatic conditions, within this area a greater variety of crops can be grown with 
profit than in any other equal area of the American continent, thus rendering it 
peculiarly adapted to the pursuit of a mixed husbandry, which it is claimed is, in 
the long run, always the most profitable. In support of these claims, figures taken 
from the^ last census returns for Canada and the United States are cited, and by 
them it is shown that, even when placed in juxtaposition vdth the seven largest 
producing States, in each of seven cereals, Ontario, notwithstanding she is thus 
brought into competition with twenty-two States, succeeds in securing a first place 
.as a producer of barley, and peas, and beans; a third place as a producer of oafs and 
buck-wheat; a fifth for rye; and a sixth for yield per acre, and an eighth in quan- 
Idtjr, for wheat; thus obtaining an honourable posifion in six out of the seven—a 
position unattainable by any State in the Union—while the great State of Illinois 
only obtains three firsts and a second, and then disappears from the comparison 
altogether. Figures taken from the reports of the Ontario Bureau of Industries 
and the Illinois State Returns for the year 1882 are also given, showing that in the 
yield and value of yield per acre, the crop of wheat, barley, oats, rye, corn, buck¬ 
wheat, and potatoes in Ontario so largely exceeded that of Illinois in that year as 
to make an aggregate difference of over 5,000,000 in favour of the Ontario farmer, 
equal to per head of those engaged in, agricultural pursuits, while the 
Washington returns show a still larger b^an'ce in has favour. 

Figures are also submitted showing that during the ten years ending' with 1880 
the production of the. different fruits had increased from 100 to 250 per cent., and 
that the manufacture of wine firom the grape was rapidly increasing; while the 
opinions of eminent pomologists are cited to prove that Ontario's display of jEruit 
4a.t the centennial in 1876 1 was the most instructive and comprehensive exhibit of 
fruits ’ made at that exhibition. 

Stock-raising is then referred to, and it is claimed that the climate of Ontario 
bas proved itself favourable to the development of healthy and vigorous animals, 
while the awards'gained by Canadian stock-raisers at the great Christmas shows 
at Chicago prove that Ontario bred and fed cattle and sbeep can more than hold 
their own with those of the prairies and great corn-growing States. 

With regard to the future, it is pointed out that less than 11,000,000 of the 
25,000,000 acres imder consideration is returned as ^ cleared,^ wMe even in the 
county of York, in which the capital of the province is situated, 20 per cent, is 
-Still ^ uncleared.’ 

In conclusion, the writer calls attention to the statement of the Hon. D. A. 
Wells, that, ^ north of Lakes Eric and Ontario and the River St. Lawrence, east of 
Lake Huron, south of the forty-sixth parallel, and included within the Dominion 
of Canada, there is as fair a country as exists on the American continent—nearfy as 
large in area as New York, Pennsylvania, and Ohio combined, and equal if not 
superior as a whole to. those States in agriculturalcapacily. It is the natural 
habitat on this continent of the combing-wool sheep, without a, full, cheap, and 
reliable supply of the wool of which species, the great worsted manufacturing 
industries of the country cannot prosper, or, we should rather say, exist. It is the 
region where grows the finest barley, which the brewing interests of the United 
States must have if it ever expects to rival Great Britain in its present annual 
export of over eleven miUion dollars’ worth of malt products. It raises and grazes the 
finest cattle, vrith qualities especiaEy desirable to make good the deterioration of 
stock in other sections, and its climatic conditions, created by an almost encircle¬ 
ment of tbe Great Lakes, especiaEy fit it to grow men. Such a country is one of 
the greatest gifts of Providence to the human race, better than bonanzes of silver or 
•riyers whose sands run gold.’ . . - , , 

8, Oti the Agrimltuml Mesources of Nma Scotia* 

By Major-General Laueie, 

The first settlements in' Nova Scotia were estabEshed for miEtary reasons, and 
early settlers were mainly Loyalists from tbe United States—mostly professional 

1881 * 31 
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men, disbanded troops'—or crofters from the Highlands; none of whom had any 
knowledge of farming. Hence the little progress and low state of agriculture in the 
provinces, of which the agricultural capabilities are great. In 1818, Mr. John 
Young, under the title ^ Agricola,’ stirred up the farmers, but shipbuilding has so 
engrossed the attention of the people that more than half a million tons of wooden 
veiels are owned in the province; and mining, milling, and fishing draw the people 
from agriculture. But iNova Scotian produce is much larger than returns show, a® 
its fishermen, as well as those from the United States, provision for the season in 
its ports, and several hundred steamers calling for bunker coal lay in food-supplies. 
The western part of Nova Scotia largely feeds St. John, New Brunswick, whilst 
Cape Breton sends to Newfoimdland all it requires; and as Nova Scotia lies nearest 
to England, its especial products of cattle and fruit should and must command the 
best prices. 

Taking the census of 1881, the yield of wheat has almost doubled since 1851, 
rising to half a million bushels; oats to nearly two million bushels; potatoes 
from two million bushels to seven-and-a-balf million; turnips to one million 
from less than one third; other roots 336,000 bushels, an increase of 1,000 per 
cent. Hay has doubled, and now yields 600,000 tons. Butter from 3,500,000 to 
7,500,000 lbs. Cheese shows 1,000,000 lbs. In 1851 apples were imported, but in 
1881, 9,000,000 bushels were raised; other fruits increased very largely. Hops grow 
splendidly, but costly labour checks the cultivation. Grapes only appear in 1871 as 
8,000 lbs., but in 1881,35,000 lbs. are returned, the climate being found well suited for 
them. 300,000 cattle and 400,000 sheep were owned in 1881; 63,000 cattle and 
151,000 sheep were sold for consumption in that year. The area, 13,000,000 acres, 
has a large proportion of lake, and the south-coast is rocky; but most of the land 
is cultivated with very gooA returns, and 2,000,000 acres have been improved, 
1,000,000 being under crop, an increase of above 100 per cent, since 1861. The 
many thousand acres of dyke lands at the mouths of the rivers and heads of bays 
are most productive, and never i-equire manure. 

After eighteen years’ experience on a new farm, I can testify to the productive¬ 
ness of the soil and climate of Nova Scotia. Cattle live well at pasture from June 1 
to October 15, and will hold their own a month longer. Oats and wheat usually 
mature in 100 days, and last year 25 acres of spimg wheat gave me 26 bushels to 
the acre. Barley about 40 bushels, oats about 45 bushels, potatoes about 275 
bushels; swedes from 500 to 800 bushels; but not on a southern slope, so I consider 
we are near the limits of turnip cultivation. Green corn as a fodder crop does 
wonderfully well, and in storing some as ensilage last ;^ear, I weighed out the crop 
at 20 tons to the acre. On 170 acres of land I raise food for 100 fatting cattl^ 
Ijesides 10 horses; but I buy oil-cake. Permanent grass-fields becoming choked 
with moss, dyke-land farmers depend on hay as the principal crop, the dyke pro*- 
duce maintaining the upland parts; but upland farmers who have copied this plais 
cannot maintain the farms in heart; crops fail, farms and farmers grow poorer. 

Rotation is necessaiy. This means implements and teams; it means capital in¬ 
vested ; but capital sees the farmer unprosperous, and is frightened away. Tech¬ 
nical training is a necessity, not merely from books, hut combined with practice 
and the Government must earlier or later furnish this—an agricultural school and 
a model farm. 

Ontario has a college where working farmers are taught science, and educated 
men are taught mpual labour; but it is important to have an establisixment im 
each province, as climate and conditions vary. 

There is ample room for men of small capital in Nova Scotia; young men, withs 
from .500/. to 5,000/., may in farming establish a comfortable home, and good 
returns for their time and means. I consider that, with capital invested ani 
knowledge applied, a very bright future lies before the agriculture of Nova Scotia. 


SATURDAY, AUGUST 30. 

TkB Section did not meet 
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MONDAY, SEPTEMBER 1. 

The following Reports and Papers were read:— 

1. Heport of the Committee for defraying the expenses of compleii^ig the 

final Report of the Anthropometric Gommitiee .—See Reports, p. 279. 

2. Report of the Committee for continuing the inquiries relating to the 
teaching of Science in JSlementary Schools .—See Reports, p. 283. 

3. The Interdependence of the several portions of the British Umpire, 

By Stephen Bouene, F.S.S. 

The growing importance of the Colonial dependencies of the British Crown 
entitle them to the foremost consideration of every assembly occupying itself with 
economic and statistical questions. Especially is this the case on the present occasion 
with everything which concerns the welfare of Canada; and if in this paper these 
are put prominently forward, it is because the subject is too wide for treating of 
other colonies with the same fulness. Althoi^h not amongst the earliest settlements 
brought under the Grown, it is the one in closest proximity to the mother country, 
and, if we except India, that containing the largest population and covering the 
greatest area; the one, too, possessing probably the best capability of ministering to 
the wants of England, particularly in the way of food. Eor these reasons it may 
be deemed more or less representative of others. It is propsed therefore to 
inquire what the trade is between the two, to conceive what it might become, and 
to see what proportion that hears to the Dominion traffic with the whole world. 

Successive tablcsset forth (a) the imports and exports of the United Kingdom since 
1871, specifying the total from and to the Colonies, and those firom and to Canada; 
{h) the trade of the United Kingdom for 1883 compared with populalaon in groups 
of countries a;nd colonies; (e) the trade of the Dominion since 1873; (d) the v^uesr 
fdr 1883 of Canadian produce exported and (e) imported, classified as to orig^ or 
uses. 

These several tables show (a) that, adding imports and exports together, 
England’s colonial trade has averaged 160,000,000?. per annum, and is 24 per 
cent, of the whole 660,000,000?.; and that of the colonial portion 12J per cent.— 
20,000,000?.—has been with British North America; (5) that in 1883, out of 
427,000,000?. of imports, 328,000,000?. were from foreign countries and 99,000,000?, 
from colonies, of which 12,000,000?. came from North America ; the export figures 
beii^ in like manner 240,000,000?., 166,000,000?., 84,000,000?., and 9,000,000?, 
respectively; (c) that of all the articles of Canadian produce exported in 1883, 
nearly one-hdf—10,000,000?.—^finds its way to the United Kingdom, which in return 
sends back two-fiffchs—11,000,000?.—of all the goods Cana& draws from beyond 
her own ^ores, those she imports being slightly more than^ she exports; (e?) 
that the Canadian produce exported in 1883, and (e) the foreign goods she im-^ 
ported, may be thus classified:— 

Exports Imports 

Produce of the Mine , . . , . ^^620,000 £1,570,000 

. „ „ Fisheries . . . . . 1,720,000 190,000 

„ „ Forest . ... . . 5,140,000 350,000 

j Animals and their Products . ,. . . 4,250,000 1,850,000 

Agricultural ]^oduce . , • . . 6,610,000 1,840,000 

Manufactures 710,000 18,020,000 

Miscellaneous * • * - • . 880,000 1,830,000 

£18,930,000 £26,650,000 

EuHy one-half of the supplies Canada rendem to Great Bniain consists of food; 
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tim'ber, furs, and oils making up four-fifths of the remainder. Of her imports, one- 
fourth may be classed as raw material, for the support of textile and other indus¬ 
tries ; another fomth, manufactured iron; a third fourth, articles of food; and the 
remaining foiuth, manufactured articles of sundry descriptions. 

With these figures, it is easy to see what are the clnef articles of interchange. 
But when once the railway across the continent is completed, there will he facilities 
for bringing more of the land under cultivation, and for sending its produce away. 
The mining output, especially in coal to the Pacific, is likely to he great, and it is 
quite impossible to conceive to what an extent the whole may grow. 

On the other hand, the United Kingdom will need increasing supplies of food, 
and though her Southern and Eastern possessions may have the same capacity for 
producing these, the contiguity of North America, and its geographical position in 
the same zone, make it pecuLiarly appropiiate for the feeding-ground of England. 

But beyond England’s need for importing, she has other wants—that of the lands 
to receive her growing population which she may find in her colonies; and the 
occupation for her accumulated manufacturing power which she may expect to 
create through those whom she sends forth. Thus the increase of the specie^ may 
be rendered a blessing rather than a curse. 

For both to fully benefit by this mutual dependence, there ought to he the 
most unfettered interchange of the commodities which each grows or makes, and 
whatever may be said as to protection against foreigners, nothing in the shape 
of protective duties ought to impede or divert commerce between portions of the 
same Empire. Revenue duties stand upon a dififerent footing; hut they should he 
raised upon imported and home products alike. It would he a great step if in all 
the coloni^ and the mother country the same articles were subjected to customs and 
excise duties at dmilar rates, and the whole money so raised were appropriated 
to defiraying the cost of defence. 

It is scarcely to be questioned that absolute free trade, at least between all parts 
of the Empire, must ultimately exist, although it is possible that special circum¬ 
stances may for a limited period require or justify that general economic principles 
should give way to particular necessities. 

As regards foreign countries, the selfishness which induces them, whilst avail¬ 
ing themselves of au the advantages of free trade with us, to withhold from us the 
corresponding benefit, should be met, not by protective duties, but by an absolute 
refusal on our part to trade with them at il. Figures prove that they really 
depend more upon us than we on them, and due notice to this effect, so given as to 
afford no hope of reversal, would m all probability bring about the result without 
any actual stoppage. England might depend upon the resources, and rely upon 
the loyalty, of her colonies to sustain her m this conflict. 

The consideration of these questions leads up to the far greater one which is 
now attracting, and may soon absorb, the attention of statesmen, both home and 
colonial. This is the absolute necessity for some form of federation which may 
bind together more closely the various portions of the Empire, and so counteract 
any tendency towards disintegration. 

^ But whatever may be the result of deliberation on this proposition, or the form 
xt might ultimately assume, why should not the Dominion at once seek for an actual 
incorporation into the United Kii^dom ? In point of distance, when measured in 
time, she is scarcely farther off than was Ireland when she became a part of the 
Kin^om. By means of the electric telegraph, instantaneous communication with 
the Pacific will very shortly be established. With trains crossing the land from 
shore to shore, and the magnificent floating islands which our steamers will shortly. 
31 they have not already, become, the Continent and Atlantic will be bridged over 
more e^ctnaHy than the Irish Sea was at the beginning of the century. Our 
Eastern possessions are so different in race, climate, and position, that they must, 
tor a lengthened period at lea§t, constitute a different empire though under the 
same sovereign. Our Southern settlements are more remote, though perhaps not 
so much eo as to necessitate their remaimng in a different categ6ry. But the 
r American continent has so many points in conxmon 

wixn the wtish Ides that it would be easy to weld, them into one body. It is 
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already, evident at home that local governing bodies must assume, somewhat of the 
rule which is now exercised hy the Imperial Parliament; and much existing 
organisation in Canada need not he destroyed. It would, be a grand day should 
she^ become as much an integral pail as Scotland and Ireland now are, by the 
Umted Kingdom becoming that not of Great Britain and Ireland, but of Great^ 
Britain, Ireland, and^ North America, Canada seems already ripe for the discus¬ 
sion of such a question. Australasia may ripen whilst it proceeds, and, together 
with the smaller dependencies, he included in the scheme before final efiect is given 
to the decision. 

4. The Factory Acts, By R. Whatelt Cooke-Tatlob. 

The object of the pa]^r is to discuss both, the proper sanctions for factory legislation 
and the means of making it most efficient and useful. Many of the advocates of 
Factory Acts have never comprehended, still less formally annoimced, the sound 
basis, both economic and historic, on which such legislation reposes. Much of this 
misunderstanding has arisen from a double interpretation of the word Gabour/ 
which at one time was used as a mere abstract term, implying a purely impersonal 
force, and at another time as the embodied effort of sentient beings. It is in this 
latter sense, as Ghe human element in industrial production,^ that poEtieal economy 
is concerned with the Factory Acts; and one object in studying that- science is 
to obviate whatever—like the unimpeded force of competition—is harmjftd to 
humanity in economic tendencies. Hence the scientific basis for Factory Actsi 
There is equally an historic basis, inasmuch as industrial production has from time 
immemorial been under some exterior control—^whether of the State, of some 
industrial labour corporation, or of eustom. 

^ With respect to the question how they can be made most operative and useful, 
this matter is considered under three heads. First, the objects of factory legisla¬ 
tion ; second, the subjects of it; third, the methods of enforcing its decrees. The 
objects are properly women, children, and young persons, but circumstances are 
conceivable winch would make men proper objects too. Under tbe second head is 
considered the range which factory laws should take, the industries and occupations 
with which th% should interfere. A very wide latitude is advocated for them 
to the extent of including legislation for shops, and even for some kinds of 
services, as railways and the Post Office. It is ar^ed that having departed so far 
already from their original intentions, no logical resting-places short of those 
mentioned can be found. On the other hand, the proposal for interfering specially 
with the employment of married women in mills is condemned. On the subject of 
the proper method of inspection, the paper advocates a combination of local and 
cential supervision. The result to aim at is aggregate justice, not absolute uni^ 
formity. localities can best decide on the precise requirements of the several 
industries located there, and officers from the central authority' should see that on 
’ the whole the law was fairly observed; The sanitary and educational authorifi^ 
of the district should furnish the means for putting the sanitary and educational 
portions of the law into effect in the first instance, and what little supervision would 
still remain unprovided for could be furnished between them, or would result 
spontaneously from the impulse of other enactments relating to industry. ' 

5. The Fhosphate Industry of Canada. By Bobebi? C. Adams. * 

Mineral manures were suggested by Liebig in ,1840, he having observed the 
effect of sulphuric acid in making minerals soluble, ^ ^ ^ , 

Asa ton of wheat takes sixteen pounds of phosphoric acid from thejsc&j this 
must be replaced to ensure future production., Phosphates are obtmed .from 
Spain, England, Norway, France, West Indies, South O;^olina, and Canada. 

OanadSin apatite was mentioned in 1827- In 1847 Br. Hunt reported.^ it in 
...New Bui^ess, Ctatario. About 1860-3 miping was begun there, and continued 
^^Intermittently. In 1875 mining was b^fun in Ottawa County, and work has in^ 
* creased constantly, large deposits beii^ discovered- » \ , 
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Prices Hare fluctuated 60s. per ton, from 116s. to 60s. per ton of 80 per cent, 
quality. 

Pure specimens of apatite contain about 92 per cent, of pbospbate of lime; 
cargo lots usually average 75 to SO per cent. 

Low freights are obtained by ships taking phosphate for ballast under deal 
cargoes at from 2s, 6d, to 10^, per ton. 

The use of phosphates finely ground, without acid, is being considered, and 
efforts are being made to concentrate the phosphate from low-grade ores. Factories 
are to be started near Montreal to make superphosphates. Phosphate lands have 
sold as high as $1,260 per acre. 

Experiments made by Lawes showed that the use of superphosphates increased 
the yield of an acre from two tons of turnips to eight tons. The use of this article 
as a fertiliser increases constantly as knowledge increases and soil becomes 
exhausted. 

The exports of phosphate increased from 5,462 tons in 1877 to 17,000 in 1883, 


6. TJie Fisheries of Ganiada, Bjj L. Z. JONOAS. 

The principal points referred to in this paper were:— 

1. Extent of the Canadian fisheries; their importance as a source of maritime 
wealth and commerce; and as keeping in active training an independent and 
spirited class of sea-faring men. 

2. Extent of the Canadian maritime coasts and of numerous inland seas of the 
Dominion. Varieties of fishes found in them. Immense field for industry and 
enterprise. 

8. Value of the Canadian fisheries both commercially and economically. 
Statistics, Number of men they employ. Their rapid growth. The amount of 
their annual products. Compaxison between them and the Great Britain and 
Umted States fisheries. Canadian mode of fishing compared with that of other 
countries, \\liat the Government of Canada has done to further develope its 
fisheries. Fishery hnremix, societies, and commissions. 

4. Answer to the question, would not the Canadian fisheries soon be exhausted 
if they w^ere carried on more extensively ? Fishing in the Canadian waters by 
foreigners and by native fishermen for the last thiee hundred years. Abundance 
of fish. Natural history of the commercial fishes of Canada. The arctic current 
washing the Canadian coasts and bringing food for the commercial fishes. Opinion 
of scientists on the matter. Area of the Dominion coasts washed by the arctic 
current. Theory regarding migrations of fish. 

6. The most important fishmg-gi’ounds and different fisheries in Canada. 

6. Cod-fishery: its importance, its ^aiiie. Habits of the cod. Cod-fishing 
season in the Canadian waters. Bait for cod. Mode of cod-fishing. Encourage¬ 
ments given. Markets for the cod will never fail; and why. Statistics. 

7. Industries inherent to the cod-fishery. Guano. Cod-roes: what quantity 
Canada could furnish; markets for this article. Manufactures of ropes, Imes, nets, 
hoops, &c. Cooperage. 

8. Herring-fishery. Appearance of the herring on the Canadian coasts. 
Abundance of this fish. English herring-fishery compared with Canadian. Modes 
of preparing herring for market. 

9. Mackerel-fishery: its value: fleet of vessels engaged in it. Improvement in 
the buOding of vessels. Modes of preparing the mackerel for market. Markets 
where Canadian mackerel are sent. 

10. Lobster-fishery. Enormous catch. Danger of over-production. Regula¬ 
tions. How hard it is to revive a shell-fishery. 

11. Oyster-beds, Oyster-fishery. 

12. Seal-fishery, 

IS. Salmon-fishery, Reasons of its decrease. More protection wanted. Fly- 
" season too long. Pisciculture. Annual yield of Canadian salmon-fishery. 
Btmfiit Columbia salmon-fishery. Fresh-Salmon trade. Statistics, 
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14. Lakes fiskeriea. Trout, wLite-tfisk, sturgeon, bass, pike, maskinonge, &c. 
How carried on. Steamers employed in the lakes fisberies. Annual value, v^eije 
the fishes are sent to, and how sent. 

15. Canadian fisheries a great inducement for emigrants to come in this 
country. 

16. Commercial and economical considerations relating to the Canadian 
fisberies. 

7. On the A;pj^l{cation of ScienUfio and Fractieal ArhoriouUure m Canada. 

By Professor Beoto. 

B. The Bistributmi of Canadian Forest Trees. By A. T. Deummond. 

The author pointed out that there are ninety-five species of forest trees in 
Canada. The Province of Ontario has sixty-five species, of which sixty-one are 
found in the districts bordering Lake Erie. Of these sixty-five species fifty-two 
extend eastward to the Province of Quebec, thirty-five are found on the easterly 
and. westerly sides of Lake Superior, whilst only fourteen range westerly into the 
prairie country at and beyond the Eed River. Again, in British Columbia there are 
thirty-five species, of which only seven extend eastward beyond theinfiuence of the 
Roc% Mountains, and with one exception those seven are well distributed over 
the whole Dominion, Only three of the Canadian trees are identical with European 
species,—the chestnut, white birch, and yew. Canada may he divided into four 
great forest areas or zones, which may for convenience be termed the zones of the 
{1) Douglas fir, occupying central and southern British Columbia; (2) poplars, 
covering the whole cojmtry from the most northern limit of the growth of trees 
southward, east of the Rocky Mountains, to the South Saskatchewan, Qu’Appelle 
and Winnipeg rivers, Lake Nepigon and Anticosti, in the Gulf of St. Lawrence f 

(3) white and I’ed pine, extending from Lake of the Woods and Lake Nepigon 
to Anticosti, thence to the Georgian Bay, Lower Ottawa River, and Nova Scotia j 

(4) beech and maple, occupying those parts of Ontario and Quebec^lying south of 
the zone of the pines. Along the shores of Lake Erie is what might lb almost 
regarded as a fifth zone, very circumscribed in area, but havmg within it several 
outliers of the forests of the Middle States. The frrequent peculiarities in range of 
forest trees in Canada are due to physicial conditions and differences in climate, 
resulting from differences in these conditions. The northern half of the American 
continent consists, on the one side, of enormous stretches of continuous land, and 
has, on the other, in its midst, immense areas of water and widely and deeply in¬ 
dented shores, Labrador and the great section of country ly^ between Hudson 
Bay and the Great Lakes and tiie Gulf of St. Lawrence being virtually one immense 
peninsula. The double effect of a northern latitude and the presence of these great 
bodies of water is very marked in the lower general temperature, the shorter 
summers and more severe winteis. These influences check the northern range of 
forest ti’ees beyond the outlet of Lake Superior, and, with the aid of the branch 
Labrador current, prevent their extension down the St. Lawrence below Quebec. 
The great chain of lakes from Superior to Ontario have not only their effect on 
temperature, but, by tbeir great width, create a barrier to tbe northward extension 
into Canada of many Dnited States forest trees. A remarkable feature in forest 
distribution is the fact that immediately west of Lake Superior many of the most 
important trees, as white pine, bass wo”od, red oak, and sugar maple are no longer 
found. The prairie appears to form a harrier to westward distribution. The 
^prairies were probably at onetime covered with trees which have been destroyed by 
fire. The effect of this has been to create a less rainfell, a quicker drainage from 
the soil, a dry atmosphere, and constant exposure to high prairie winds, all of which 
appear to be mimical to many forest trees. British Oolumhia. has a distinctive 
forest area of its own. The trees are largely of the pine family, and, with seven 
.exceptions, do not range east of the Rocky Mountains. They^are siimlar to those 
•4jf Oregon and Washington, and the direction of the mountain ranges and simflar 
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moist climate lias favoured this. The white pice, yellow pine, and Bouglas spruce 
are more or less known to commerce, hub there aie several other British i''olumll) 2 a 
trees which are as yet comparatively untried. In the near future tlie lumber trade 
there is likely to attain large proportions. Eeferring to the North-west prairies, the 
future cities and towns could exist only where abundant water was present, and 
thus the supply of water in the rivers was of vast importance. To preserve a 
constant and uniform supply it was absolutely necessary to have the sources of each 
important stream examined. If forests already exist there, then reserve a large 
2 ^,rea of them from public sale; if they do not, then the Government should at once 
promote the planting of forests or institution of national parks at such points. 
There are numerous rivers requiring such attention. 

The paper was illustrated by a large map showing the forest areas and northern 
range of leading trees. 


9. The Forests of Canada. By Bobert Bell, 3I.D , LL.l). 

The writer, who has had extensive opportunities during the last thirty years of 
becoming personally acquainted with the forests of the Dominion east of the Booliy 
Mountains, endeavoured to give an account of their extent, general characters, 
peculiaiities, value, means of preservation, &c. Viewing the forests of the continent 
as a whole, only the northern portions come within the Dominion, a large part of 
which lies beyond the limit of trees of any kind. The central and eastern forest 
region of Canada and the United States presents the greatest variety of species. 
In the north a wide border of coniferous trees, which becomes constantly smaller 
and more limited in species as we approach the verge of the forests, stretches across 
the continent; while toward the south deciduous forests prevail, but are inter¬ 
spersed with large areas of pines of vanous kinds. The sombre coniferous forests 
of the north are continuous over vast regions, which from their high latitudes and 
the poverty of their soil will never be cultivated to any great extent. This great 
coniferous belt has a crescentic form, curving southward from Labrador to the far 
north-west, keeping Hudson’s Bay on its northern side. The distribution of our 
forests appears to be governed almost entirely by existing climatic conditions, 
although it may be modified to some extent by the geological character of difierent 
districts; and some of the peculiarities of their present distribution may be due to 
former conditions^ afiecting their diversion. Beyond the northern limit of the 
forests on the mainland of the continent there is a large triangular area to the 
north-west and another to the north-east of Hudson's Bay, called the barren 
grounds, which are destitute of trees solely on account of the se% eritj of the climate, 
as the other conditions do not appear to differ from those of the adjacent wooded 
regions to the southward. The treeless re^ons of the Western States and the 
south-western part of the north-west territories of Canada are called plains as dis¬ 
tinguished from the prairies, which often are partially wooded. The latter occupy 
an immense space between the plains and the forest regions to the east and north¬ 
east. The plain and ptairie conditions are also due to climate, and not, as some 
have supposed, to fires having swept away formerly-existing forests. This is shown 
by the contours of the lines marking the western limits of the various kinds of trees 
which prevail in the east, as well as Scorn the absence of w^ater-courses, wliich would 
exist if sufficient rain had fallen in comparatively recent times to have maintained 
forest growth. 

Although the Bominiou embraces about half of the continent, only some ninety 
out of the S40 species of the forest trees of North America were found within her 
borders, including the Pacific slope. Yet the area under timber in Canada was 
^rhaps as great as that in the United States. It is, therefore, evident that the 
fbjrests are less diversified in the north than in the south. This is in accordance 
-of the greater richness of the fiora of warm countries; but it 
the fact that in the north we have greater uniformity 
m climatic Oonditibns over wide areas than in the south*. For example, 

we bwf lir hi theie fidn^tioas tom Nevtfoundltnd to Alaska, and hence 
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tlirougbout the great^ distance of 4.000 miles we find the same group of trees. 
Again in the great triangular area of the North-west, between the United States 
boundary, the Eocky Mountains, and the Laiirentian region, embracing over 600,000 
square miles, very little difference could be obser\ed in the climate, the soil, or the 
general level of the country, and hence the same group of trees—only about half a 
dozen in all—are found throughout tliis immense tract. In striking contrast with 
this is the fact that on the same farm lot in the south-western pait of the province 
of Ontario one maj^ often count as many as fifty different trees. The richness In 
variety of the native trees of Ontario and the adjacent States is owing to the 
fertile soil and the favourable conditions as to summer temperature, constant mois^ 
ture, and the absence of intense cold in the winter. The writer exhibited a map 
showing the northern and western limits of the principal forest trees of the Do¬ 
minion east of the Eocky Mountains. From this it appears that the range of species 
is not according to the mean annual temperature or precipitation, but rather to fje 
absence of extremes of heat and cold, and great dryness. For these reasons a 
number of the trees of the province of Quebec and northern Ontario do not range 
west into Manitoba, although the annual means of temperature and precipitation 
are nearly the same in both. This map also shows in a striking manner that the 
northern limits of our various forest trees are by no means parallel to one anothtiy 
although locally some groups may be nearly &o for a certain distance. Some of 
them pursue extraordinary or eccentric courses, which are difficult to account for* 
The most remarkable of these is the white cedar, which in the central part of its 
trend reaches James’ Bay, but drops suddenly to the south at the Gulf of St. Law¬ 
rence in the east, and on reaching the longitude of the head of Lake Superior in the 
west. Yet the climate and other conditaons appear to be the same for some distance 
both east and west of these lateral boundaries. An outlying colony of the white 
cedar is found at Cedar Lake near the north-western part of Lake Winnipeg. 
Colonies or outlying patches of other trees have been noted in different localities, 
such as of the basswood and sugar-maple at Lake St. John, north of Quebec, of the 
grey elm on the Missinaibi Biver, near James’ Bay, and of tbe hemlock spruce at 
Thompson, near the west end of Lake Superior. Eivers and lakes, by supplying heat 
and moisture and warding off summer fiosts, often promote the growth of trees on 
their immediate banks which are not found elsewhere in the surrounding country. 
Instances of this may be seen along the North Saskatchewan, where the negundo,. 
green ash, grey elm, white birch, alder, &c., thrive only on the river ban&. In 
the cold regions, the white spruce grows to a much larger me on the shores and 
islands of rivers flowing north than elsewhere. It has been found that exotic trait 
trees and other introduced plants can be successfully cultivated aroimd the shores 
of the larger lakes, especially on their southern sides, which will not grow at a short 
distance inland. On the other hand the immediate proximity of the sea, with a 
lower summer temperature than the land, is unfavourable to the arowth of timber 
in the north. The habits of some trees are much modified in different latitudes. 
Species which grow in warm dry soil in the north may be found in cold, heavy, or 
wet land in the south. The larch, balsam, white cedar, white pine, white birch, 
&e., are examples of this tendency. Some species extend far to the south of their 
general home along mountain ridges, while others seem to refuse to follow such 
lines. The existence of extensive swamps, the shelter of hills, or the devatione 
which they afford, are therefore to be regarded among the minor elements govern¬ 
ing the distribution of trees. 

The peculiarities in the outline of the northward limit of the white cedar and 
other species of trees may throw some light on questions as to the direction firom 
which they have migrated or been dispersed. In some cases which the ^thor has 
studied, the trees appear to have reached the most northern limit possible. For 
example, in its most northern range, the first tender leaves and shoots of the black 
ash are blighted almost every year by the spring frosts; the trees are of snail size 
or stunted in height, and only oceasiondly bear seed. Sir John Eichardson 
mentions that on the barr^ grounds, outlying patches of dying spruces were some¬ 
times met with far out from the verge of the main forest, and that he saw no 
evidence of young trees springing up beyondthe general line of trees ^ from which 
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lie infers that the latter is retreating southward. A similar condition is said to 
exist in Siberia. 

In tracing the northern limits of several of the trees as laid down on the author’s 
map, it would be observed that the northward variations from the general direction 
usually corresponded with depressions in the country, while the southward curves 
occurred where the elevations were greatest. The height of land dividing the waters 
of the St. Lawrence from those of Hudson’s Bay had a general parallelism with the 
northern limits of many of the species; hut as the watershed is not marked by any 
great elevation or by a ridge, the chcumstance referred to may be owing simply to 
the accident of its trend coinciding with the average course or the isothermal lines. 

The author divides the trees of the Dominion east of the Rocky Mountains into 
four gi'oups in regard to geographical distribution, namely: (1) A northern group, 
including the white and black spruces, larch, Banksian pine, balsam-fir, aspen, 
balsam-poplar, canoe-birch, willows, and alder,—^these cover the vast territory 
from the northern edge of the forests down to about the line at which the white 
pine begins j (2) a central group of about forty species, occupying the belt of 
country from the white-pine line to that of the button-wood; * (3) a southern 
group, embracing the button-wood, black walnut, the hickories, chestnut, tulip- 
tree, prickly ash, sour-gum, sassafras, and fiowering dog-wood, which are found 
only in a small area in the southern part of Ontario; (4) a western group, con¬ 
sisting of the ash-leaved maple, bur-oak, cotton-wood, and green ash, which are 
scatteied sparingly over the prairie and partially-wooded regions west of the Eed 
River and Lake Winnipeg. 

The distribution of our forest trees afibrds us one of the most ob-sdous tests of 
climate, and although it may not be more reliable than that of the smaller plants, 
it is more noticeable by the common observer. In the older provinces of Canada 
the settlers are often guided to a great extent in their selection of land by the 
kinds of trees it supports, a thrifty growth of beech and sugar-maple, for instance, 
being generally considered a good sign; but such tests must necessarily be only of 
local application. In the prairie region timber may be entirely absent from the 
finest soil, while the least hardy trees of the west fiourish in the stifi’ clay-banks 
or among the stones along the rivers. 

The map which has been referred to is useful in defining the extent of country 
over which each kind of timber was to be found. But in estimating the quantities 
which may be yet available for commercial purposes in the regions still untouched 
by man, various circumstances require to be considered, such as the favouiable or 
umavourable conditions of soil, &c., the proportion which has been destroyed by 
lire, and other causes. The amount of timber which has been destroyed by forest 
fires in Canada^ is almost incredible, and can only be appreciated by those who 
have travelled in our northern districts. The proportion of white and red pine 
which has been thus swept away in the Ottawa Talley and in the iSl. Maurice and 
Georgian Bay regions is estimated by the lumbermen as many times gieater than 
all that has been cut by the axe. Yet all this is insignificant in quantity com¬ 
pared with the pine spruce, cedar, larch, balsam, &c., which has been destx'oyed by 
this means in the more northern latitude all the way from the Gulf of St. Lawrence 
to the Nelson River, and thence north-westward. It is true that the commercial 
value of this timber was not so great as that of the more southern pine regions 
which have also been partially destroyed. The total quantities destroyed are 
almost mcalculahle, but even a roughebtimate for each hundred or thousand square 
miles shows it to have been enormous, and of serious national consequence. The 
writer had traversed these great regions in many directions, and could testify to 
the widespread devastation which had taken place. Nearly every district was 
more or less burnt, the portions which had been overrun by fire usually exceeding 
those which remained green. These northern coniferous forests were more liable 
than others to be thus destroyed. In the summer weather, when their gummy 
luossy ground were alike dry, they burn with almost explosive 
Small trees were thickly mingled with the larger ones, and they all 
so together that their thick branches touch each other so that they 
wwn a sttinQiiently dense fuel to support a continuous sheet of fiame on a grand 
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scale* - Before a liigli -^ind tlie fire S'W’eeps on tvith a roaring noise, and at a rate 
NvUiclx prevents the birds and beasts from escaping. After a time the burnt 
district^ becomes overgrown, first with shrubs and bushes, then with aspens and 
white birches, among which coniferous trees by-and-by appear ; but finally, at the 
end of a hundred and fifty years or more, they regain possession of the burnt tract. 
This process of alternation 5f crops of timber appears to have been going on for 
centuries, but in modern times the fires must have been more numerous and frequent 
than formerly. These fires are undoubtedly due occasionally to lightning, but most 
of them are traceable to the carelessness of white men and demoralised Indians. 
Ill the partially-inhabited regions, most of the forest fires originate by the settlers 
burning brush and log-heaps in clearing the land. It may be asked if we have no 
means of stopping this fearful destruction of the timber of the country. Laws * on 
the subject do exist, but no means appear to be provided for enforcing them. The 
author recommended a reform in this respect, before it be too late. Crown lands of 
real value for agriculture should be separated for the pui’pose of administration from 
those which are acknowledged to he useful only or principally for their timber, and 
settlement should be prohibited within the latter. Heretofore, the gi'eat considera¬ 
tion of Government was the peopling of the country, the timber being looked upon 
as of secondary importance, and it was willingly sacrificed in the interests of the 
settler, who came to regard it as his natural enemy. The time has come when we 
must change all this. In the absence of forest guardians and proper regulations, 
lumbermen have often to submit to a species of blackmail from discharged employes 
and pretending settlers in order to keep them off their limits. Indians sometimes 
bum the forests off* each other^s hunting-^ounds from motives of revenge, but as a 
rule the fires which they start are from carelessness or indifference. When 
cautioned in a friendly way, they are willing to exercise greater care, and the 
beneficial effects of this course are already manifest in the region between Lake 
Winnipeg and Hudson^s Bay where the author had remonstrated with them on the 
sulject. He suggests that the annuities which they receive from Government be 
withheld as a punishment for burning the woods, or that a bounty be paid each 
year that no fires occur. In this way the Indian chiefs and headmen may be 
made the most efficient and earnest forest guardians we could possibly have. 

Fires are not so liable to run in forests of full-grown white and red pines, and such 
as those of southern Ontario, which have suffered comparatively little from this 
cause, but have now been mostly cut down and utilised by the lumbermen* Hard' 
wood forests are seldom burnt to any great extent, except when the soil is sliallow 
and becomes parched in summer, as, for instance, on the fiat limestone rocks of 
Grand Manitonlin Island azid the Indian Peninsula, through much of which fires 
have run, huriiing the vegetable mould and killing the roots, thus causing the^ trees 
to fall over even before they have decayed. Hence the term * fire-falls ^ applied in 
such cases. 

In regard to the future supplies of timber which may be available in Canada, 
the greater part of the white oak and rock elm had been already exported. 
The cherry, black walnut, red cedar, and hickory had likewise been practically 
exhausted. Eed oak, basswood, white ash, red cedar, hemlock, butternut, hard 
maple, &c., as well as many inferior woods, were still to be found in sufficient 
quaxitity for home consumption. A considerable supply of yellow birch still exists, 
and in some regions it is yet almosc untouched. Until recently there was an indis¬ 
tinct popular notion that the white pine, our great timber tree, extended, through¬ 
out a vast area in the northern parts of the Dominion, from which we might draw 
a supply for almost all time. The author’s map showed, however, that its rmge 
was comparatively limited. Although it was found over an extensive area to the 
north-westward of Lake Superior, it was very sparsely distributed, of smaller size, 
and poorer quality than further south. Our principal reserves of white pine, as 
yet almost untouched, are to be found in the region around Lake Tenniseoming, 
and thence westward to the eastern shores of Lake Superior. This region lies 
partly to the northward of the height of land. There is also more or less red pine 
in the district referred to. When the exportable white and red pine shall have 
become exhausted, as it must before many more years, we have stiH vast quantities 
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of spruce and larcli, which may even now he regarded as the principal timber 
available for this purpose in the future. But our stock of these woods is to be 
found mostly in the great country which drains into James’ Bay, whose numerous 
large rivers afford facilities for floating timber to the sea, and in the country 
thence westward to Lake ’Winnipeg. Fine white spruce is likewise found in some 
localities in the Nortli-west Territories between the prairie regions and the country 
of small timber to the north-east. The Banksian pine, which ranges all the way 
from New Biunswick to the Mackenzie Eiver, is often large enough for sawing 
into deals, and will afford large quantities of good railway ties. 

If the vast northern forests can be preserved from fire in the future our supply 
of small timber is practicably inexhaustible. When larger trees elsewhere shall 
have become scarce, much of it may some day he sawn into hoards, scantling, 
joists, rafters, flooring, &c. Supplies of timber for railway-ties, telegraph-poles, 
mines, fencing, piling, small spars, cordwood, charcoal, papei>making, &c., may he 
drawn from these immense districts for all time, since the greater part of the 
regions referred to are not likely to he required for agricultural purposes, and by a 
proper system of cutting a new giowth will spring up to leplace the timber 
removed, and in its turn become available to keep up the supply. The practically 
interminable extent of these forests will allow ample time for the smaller trees 
which may be left on any ground cut over to come to maturity before it is again 
called upon to furnish its quota. Some of the w oods of the more southern districts 
of Canada, which have had but little value hitheito, except for fuel, only require ti> 
be better known to be utilised for many purposes. 

The people of Canada have heretofore been accustomed to such an abundance 
of wood, and to the idea that trees stood in the way of the progress of tlie country, 
that tree-planiing has as yet made but little progress among us. A beginning has, 
however^ been made in the last two years in the provinces of New Brunswick and 
Quebec, where * Arbor Bays ’ have been proclaimed. In Ontario an Act was passed 
in 1888, and a fund set apait, for the encouragement of tree-planting along high¬ 
ways. The time has arrived for more vigorous action by the general Government 
and the local Legislatives looking to the improvement and preseivation of the 
forests which still remain in Canada, and for the partial restoration of those which 
have been destroyed. 


10. ForesU—tJieir Yalue Meieorologically and as Naiioml Beserves 
By G. P. Hughes. 

The author taking a retrospect of the Primeval Forest, and regarding it geo¬ 
logically, pointed out that civilisation and the arts must ever remain indebted to 
the vast embedded forests of pre-glacial times. He referred to some of the instances 
we have in Great Britain and America of forests perpendicularly fossilised by sub¬ 
sidence into tranquil waters, thereby furnishing a means by which the age of the 
formation may be calculated, and the stnicture of the trees he observed. lie referred 
to the dependence of man in all ages of his history upon the forest for material for 
houses, ships, implements, and the production of heat, calling attention to the de¬ 
nudation of most eastern countries once famous for civilisation and the arts, and to 
the wasteM destruction of valuable timber even in our day. The result has been 
greater climatic changes, and in the tropics a barren wilderness, where once great 
States held swayHe advocated planting the creek and reservoir margins in 
Northern Australia and tropical India, and quoted authors to hack up his own 
opinion, that among improvements to landed property, planting offers the most 
certain returns in material, shelter, and ornament. 

He gave sketch of a couise of study for a school of forestry, and advocated 
State aid or privileges to such institutions, in order that our national forests may be 
sup;|^ied with scientific heads of departments. 

He made an appeal to British America to set aside forest reserves adequate for 
all future requirements. 
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II; The Future FoUcy of Forest Management in the United Stated, 
By F* B. Hough. 


TUESDAY, SEPTEMBER 2. 

The following Papers were read:— 

; , 1. Internal Communicatim hy Land and Water. 

By CoRNEUius Walfobb, F.8.8. 

- The paper set forth that, from the earliest dawn of commerce, the sea had been 
the great highway of nations, while rivers had constituted the means of internal 
communication.' Steam had during the present century alike facilitated maritime 
locomotion on the ocean and on rivers. 

All countries were not equally circumstanced with respect to rivei’s. Economy 
of water-carriage would always commend its use as to certain classes of goods. 
England^had spent very large Sums during the last and early part of the present 
&ntj.|^ in perfecting her means of internal water communication, in improving 
the negation of rivers and constructing canals j and her manufacturing indusMes 
had greatly benefited thereby. Amongst the nations of the earth who owed most 
to th^m rivers were China, India, and Egypt ; amongst the Eui-opean nations, 
Kussia and “France. 

But some pf the nations of the world, having no facilities of water-carriage, 
had become g^eat in commerce, ' Pemia was an instance. She had indeed on her 
two extremes' the Indus and the Euphrates, with the Tigris as an affluent of the 
latter. In the’Euphrates valley was located Babylon and Bagdad, famous in 
the annals of commerce. But in the interior had been many flomrishing cities. 
How had they become so ? By the agency of mercantile caravans. These had 
played a.great part in the history of commerce. 

^ Egypt, we know from Scripture history and other sources, occupied at a 
very early period a front rank in commerce and civilisation. She was the centre of 
the early trading nations, as geographically she was, in a certain sense, the centre 
of the earth. The .seas of the world met at her shores; and hy land caravans 
travelleft^td all the more important‘parts of Europe, Asia, and AMca. Cairo 
thousands of years ago was the centre of the caravan routes, as she is to-day in a 
more limited degree. From ^ Grand Cairo* caravans traded with Persia, India, 
and China, with the important cities of northern Africa, with Palestine, Asia 
!Minor, Turkey, and Bussia, as far as the Baltic. It was not known in the then 
state of geographical, knowledge that navigation (by way of the Cape of Good 
Bope) %vas possihl0 .between the Eastern and the Western Oceans. Hence, in 
B.c. 1600, Sisostrus (better known as Bameses III., builder of the Pyramids) 
caused the first Suez Canal to he cut—3,470 years before the opening of the 
present canal. Egypt thus commanded the known water-ways of the world. 
She jmonopolised the trade of India for thousands of years, until the discovery 
of the Cape route by Yasca da Gama, the Portugue^ nav^ator, in 1497. Even 
imperial Borne had to obtain her silks and Oriental luxuries from the Egyptian 
caravans, tra^g through Persia to India and China. 

l^ext in order of history came the road-makers and bridge-huilders—^the ancient 
Homans. They constructed roads and bridges for,, the purposes of conquest, as 
Napoleon I. made fine roads over the Alps for like purposes in mpdern times. 
The conditions of transport in Bussia, in India, and the United States, were next 
Reviewed in some detail. Everywhere railw^s were more or less rapdly usurping 
the functions of intemd. communication. In Busaa,* indeed, railways had been 
apd were being constructed, largely from military motives; but they were, none 
Ihe less,‘facQitating'commerce. In Bidia the rivers were being devoted tp 
irrigation,* main trunk lines of railway had become an admitted necessity, partly 
fdr military purposes, but greatly in view of transporting food-supplies, and so of 
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averting famines* TEe food-supply of India was always adequate to tlie wants 
of tte aggregate population if proper fadlities of transport existed. The railways 
of India were being carried forward with great practical sagacity,—were in fact 
being made to pay; and the water-ways were also being carefully tended lor 
irrigation and local transport* 

The question of transit in tbe United States was next considered. Formerly 
the rivers—and no country was so favourably placed with regard to these—had all 
the interior carrying trade. Railways had grown from 23 miles in 1830 to 9,021 
in 1850. In the next decade (1860) they stood at 30,635 miles, against 10,433 in 
the United Kingdom. In 1870 they had reached a total of 62,914 miles; by 1880, 
bad increased to 93,671; and at the present moment reached somewhere about 
120,000 miles. They had, however, been overdone; during the first half of tbe 
present year no less than twenty-one lines had passed into the hands of official 
recehers, and others were approaching the same unfortunate goal. These railways 
had been constructed largely upon borrowed capital. The foreign creditor suffered; 
the commerce of the country had benefited; hut the system could not go on. 
The land grants which had led to the construction of many of the lines had 
greatly aided settlement; but they too would come to an end. 

What was the practical lesson Canada might learn from all this? Her 
facilities of water-carriage were good on the eastern side of the Dominion; had in 
the central provinces and territories, except for purposes of internal navigation; 
very fair on the west. But political necessities had rendered a trunk line across 
the continent imperative, and the arrangements had been carried out with 
wonderful sagacity and enterprise. The Canadian Pacific Railwajr might be 
regarded as of vast importance with respect to the integrity of the United British 
Empire. It affords direct communication on British territory from the Atlantic to 
the Pacific. Other railways coidd not he made under like conditions; hut if lines 
were laid out Judidously, in regard to the wants of the country, local capital 
might he available. The author thought the water-ways of the country ought to 
be utilised largeljr in the matter of grain exports, in view of cost and competition 
with other countries. 

On a general survey of the entire question the author was of opinion that there 
was already some tendency to reaction, and that railways would not continue to 
monopolise transit as they had of late been doing. The question of cost would 
intervene. The cheapest mode of tran^ort, other things being equal, would 
triumph. The projection of the Manchester Ship Canal might be regarded as a 
case m point. This argument only applied to articles of merchandise. For 
personal tranrit, as also for the mails, fadlities of transport would go on increasing 
indefinitely. Some of the Atlantic steamers were now hdng adapted almost 
exelusi\ ely for the conveyance of passengers and mails. General cargo might be 
carried much more economically at less speed. Overland transit to India was now 
coming to the front in a more practical shape than it had heretofore assumed. 
Faster trains and slower steamboats would then he possible. The telegraph 
would r^ulate the commerce of the world in articles of produce, and render more 
economic modes of transit possible. Narrow-gauge railways, tramways for 
commercial purposes, and electric motors, were all tending in the same Erection. 
The paper contained a good deal of statistical detail in support of some of these 
conclusions. 


2, Transport hj Lai^ and Water. 

By E. Weagoe and Alexatoee McDougall. 


3. On Land Laws. By Emile de Laveleye. 

Among the laws which regulate the social organisation of a country, there are 
nqi^emore important than those which relate to real property. It is on these that 
depends, firs%, to a great extent, the more or less abundant yield of food products, 
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'which, determm^s the number and well-being of „the population; secondly, the dis« 
tribution of wealth, the equality or inequality of conditions j thirdly, political 
institutions and the forms of government; the diffusion of landed property being 
favourable to tbe establishment and maintenance of a democratic 7 ' 4 gmie^ as in 
Switzerland, Norway, and the United States, the concenti'ation of property lead¬ 
ing, on the other hand, to the aristocratic 7'effinie, as was the case almost everywhere 
under the old regime of France and is still to-day in England. There can, then, 
scarcely he a subject more d^erving of tbe attention of the economist and the 
legislator. 

What end ought legislation to have in view in regulating property in land P 
The same end at which the whole organisation of society should aim, viz., to enable 
the largest possible number of persons to share in the benefits of civilisation— 
morality, education, freedom, and well-being—these benefits being raised to their 
maximum. 

In order that land laws conduce to tliis result, they must be such as to 
cause the maximum quantity of produce to be obtained hrom the soil, and to ensure 
that this produce shall be shared amongst the largest number of persons in propor¬ 
tion to the useful labour of each, as equity prescribes. 

. It is clear that this result will only be attained when the land is cultivated by 
the owner. 

If a landowner possesses a vast extent of land worked by tenants, whatever 
may be the form of tenure—^whether slavery as in antiquity, metayer cultivation 
and forced labour as in the middle ages, or farming competition rents as at the 
present day, the distribution of the produce will always take place in much tbe 
same way; he who works and produces will first retain what is necessary to enable 
him to maintain life and to bring up children to take his place; what remains, that 
is to say, the net produce^ will go to the landowner in the shape of rent. This 
system, then, is in conflict with what we have laid down as our dmderatmn^ in two 
ways. In the first place, it does not instigate to the greatest possible production, 
since, it does not give to the producer the entirety of his product; secondly, it re¬ 
serves the principal advantages of civilisation for a single privilege person, whilst 
it ^uts, them out firom the greater number. 

Under the system of small properties, cultivated by tbe owners, this stimulus 
to strenuous and intelligent industry winch, according to Arthur Young, ^ turns 
sands into gold ^ is brought out to its fullest extent, for those who make improve¬ 
ments have the full profit of them; and, moreover, the net produce, instead oi being 
monopolised by the few, is distributed amongst a large number of families* 

On behalf of large properties many considerations are urged. In the fii*st place, 
we are told the working expenses are relatively smaller on a large farm. That 
is true, but on small properties the gross produce is greater* Now, as Adam Smith 
has shown, a nation lives on the gross produce, not on the net produce. 

In the second place it is asserted that the employment of daborate and costly 
machinery, such as steam ploughs and threshing machines, is impossible under the 
system of small properties* This is a mistake. In Flanders, where the ownerships 
of holdings are of very small extent, expensive machinery is bought, either by a 
society of cultivators, or by an individual who lets it out to the small farmers in 
turn. 

It is further urged that the great proprietors will set an example of good farm¬ 
ing. In England, it is true, it has often been so; but on the Continent agricultural 
progress has been principally due to the small proprietors. And, moreover, good 
methods of culture might easily be disseminated by scbopls of agriculture, as has 
been done in Wurtemberg and! in Denmark, for instance. 

After all, the verdict of experience is immistakable. Eveiywhere, except 
perhaps in England, where the conditions are quite exceptional, districts where large 
property prevails are inferior from aveay point of view to those where small property 
18 the rule: in quantity of live stock, gross produce, income, multipHcltj of roads, 
density of population, condition and v^ue of the farms. To be convinced of this, 
it is enough to compare in France, the Centre with French Flanders; in Italy, the 
States and all the south of the kingdom of Naples and Sicily, with Tuscany 
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and tlie Emilia; in Spain, Castille and even Andalusia, with the suburbs of Valentia 
and Barcelona; in Portugal, the Alemtezo with the northern provinces; in 
An&tria, all the west with Hungary; in Germany, Eastern Prussia with Saxony 
and Wurtemberg ; in Belgium, the eastern district with Flanders. 

But it is to be observed that small ownership is only advantageous to the culti¬ 
vator when he is himself the owner. A tenant will be much more ground down by 
a small than by a large proprietor, because the former, in order to live, is obliged 
to raise the rent as high as he can. 

If it has been shown that small properties cultivated by the proprietors them¬ 
selves is the system most favourable to good agriculture, and to an equitable distri¬ 
bution of wealth, it remains to inquire what are the laws which can found and 
maintain such a system. 

It is obvious at the very outset that perpetual and limited entail, and also the 
law of primogeniture, seeming all the real property to the eldest son, ought to be 
pr«-)scribed. 

The French CivU Code seems to have in part attained the end aimed at, 
^Nevertheless it has been found to involve certain disadvantages. In the first place, 
it has sometimes brought about an excessive subdivision {morcdlement), hut to a 
much smaller extent than is generally thought. And then it lias not prevented 
the existence of a rural proletariat—^that is to say, of a large number of landless 
folk. To remedy these evils, the greater part of the United States of North 
America have adopted an excellent measure, the Homestead Law, by virtue of 
which the farm buildings and an area of land sufEcient to support a family are 
secured against distraint and forced sale, and constitute, as it were, the inalienable 
property upon which the family can be perpetuated. In Bosnia and Servia a 
similar law has existed from the remotest times. Six acres of land, the house of 
the cultivator and its out-huildings, and in addition the animals, stores, and seeds 
necessary to cany on the cultivation, are exempt from seizure. (For details, see 
the voluminous and instructive work of H. Rudolf Meyer-IIeimstaten.) I consider 
that this measure ought to he adopted in all civilised countries. 

The nationalisation of the land, as urged recently by Mr. Henry George, would 
not bring us any nearer to the desideratum, indicated above; since, far from aug¬ 
menting tbe niimber of owners, it would suppress them all, converting them into 
tenants of the State* No doubt there would result this advantage, that the State, 
receiving the whole rent of the land, would be able to abolish the other taxes; at 
all events, in England, where the rent of land is estimated at 1,800,000,000 fr, 
< 72,000,000?.), equal to the amount of the public expenditure; but not in France, 
where the net revenue from land is estimated at two milliards, and where the expendi¬ 
ture exceeds three milliards. This system, however, which was ad-vocated by the 
Physiocrats, who would have had a single tax {impot unique) on land, would meet 
with an in\incible oppe^sition in every country where property is owned by a large 
number of families. It would only be applicable in a country where the soil is in the 
hands of a small number of persons, as in Scotland. There the nationalisation of the 
land would be easily carried out, without any change being made in tbe economical 
life of the population. The agents of the landlords would pay in their net receipts 
to the treasury of the State, and everything would go on as before. The principle 
of property is'evidently endangered by its excessive concentration, and all the more 
so because it appears to be contrary to the ideas of right and equity that a single 
individual should be able to dispose of the fortunes of the inhabitants of a whole 
district. 

Without having recourse to spoliation, and without effecting a repurchase in 
the interests of the State, as has been proposed in the case of Ireland, an operation 
whicli would be financially ruinons, the land might be brought back into the 
possession of the communes or the nation, by means of a special tax on successions, 
the produce of which should be employed" in buying estates offered for sale or 
expropriated. 

In any ease^ countries which are fortunate enough to possess public lands, in- 
titead of selling them or handing them over to railway companies, ought only to let 
them on lease fi)r long terms, ninety years say. They womd thus lay up for fhture 
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generations a treasure wLicli would enable them to abolish taxes or to 'paj oiT 
debts so soon as the leased lands should fall into the possession of the IState, 
together with such buildings and improvements as might be found on them. 
Absolute alienation is a robbery (f posterity. Look at the prodigious fortxmes 
which this system has accumulated in the hands of the families who own land in 
the West End of London, Why did not the State do as wtdl for itself So far as 
the stimulus to all kinds of improvements and buildings is concerned, a lease of 100 
years with a new estate would be just as effective as the fee simple of it. Here is 
an unanswerable proof of the fact:—^During the last forty years, more than fifty 
milliards of francs have been invested in the construction of railways on the Conti¬ 
nent under concessions of from seventy to eighty years. When the French State 
resumes possession of the railways created hy the companies, it will he able to pay 
off one-half of its debts. In Java the Dutch Government no longer grants public 
lands in perpetuity, but only for a long term of years. I venture to refer for the 
fuller treatment of this subject to my work on ^ Primitive Property ’—preface and 
chap. xxiv. 

The problem (how to secure to each family a share of the land) had every¬ 
where found its solution, in primitive times, in the village communities, of which 
the Kussian still furnishes us with an example. The territory of the 

commune in this case is collective property, divided at periodical intervals between 
all the families. This system is a penect ^arantee of equality of conditions, and 
prevents pauperism on the one hand, plutocracy {dimtmne) on the other. Oavour 
was a great admirer of it. It has disappeared, nevertheless, because it did not offer 
an adequate return to anyone who was willing to make costly improvements. Just 
in proportion as farming has become ^ higher/ has private taken the place of 
collective property, , We have here an historic evolution of which we should take 
very careful account. , At the same time the Swiss Allmend is also a collective 
property, subject to periodic redivisions between all the inhabitants of a village, and 
yet it is perfectly cultivated, as anyone can see by visiting, for instance, the 
AUmmd of Bonigen, near Interlaken. This is due to the arrangement that each 
obtains his share for his lifetime. Now the man who is’certain to retain possession 
of his land as long as he lives has a stronger inducement to cultivate it well than a 
tenant at will, or even than a farmer with a lease of nine or eighteen years. In 
the greater number of the Swiss villages the inhabitants find on the communal 
meadows enough to keep several head of stock, and in the communal forest wood 
for firing and buildinjg purposes. What makes bad husbandry is not collective 
ownership, hut collective enjoyment or cultivation, because under this latter system 
he who improves or produces does not enjoy the fruit of his labour. The Alimend 
is an excellent institution. It dispenses with the workhouse. It prevents extreme 
poverty. By attaching a man to his native soil it prevents him migrating to the 
towns. The commune is thus an economic no less than a political institution. It 
becomes the organic cell pa/' excellmee of the social body (or body politic). 

I think that there is so much truth in the opinion of Stuart Mill on the question 
of the ^unearned increment’ as to warrant us in concluding that the land tax 
ought to he raised whenever the income from an estate increases independently of 
any exertion on the part of the owner. The State makes a road, the municipality 
opens up a new street, population becomes denser, new suburbs are built j is it 
right that the owners of the neighbouring properties should retain all the profit of 
these works, and make them an excuse for levying an ever-growing tax on the 
labour of others ? It is contrary to the very theory of property itself, which bases 
property on labour. 

Here, then, are the conclusions arrived at in this short summary:— 

1. That the diffusion of property (amongst the largest possible number of 
families) should be encouraged, first by the division of inueritanees, then by 
giving every facility and every security for the sale of real property. 

2. That we should borrow from the United States and Servia the Homestead 
Law, which guarantees to families the retention of a small property sufficient to 
maintain them. 

3. That communal property should be reconstituted bv means of a tax on 

1884 ‘ . 3 E 
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successions, and tliat countries have public lands should grant them on lease 
instead of ahenating them in perpetuity. , . v i. ^ An 7 

4. That the economic commune should be re-established with the AUmend, as it 
has continued to exist in Switzerland from the earliest times. 

5. That a land tax should be imposed and revised from time to time, in such a 
way that the increase of income which is the result of the energies and progress 
of the whole society should go, at least in part, to the profit of the State. 

6 . That compensation should be given by law to the tenant for all unexhausted * 

improvements. _ 


4. Female Fmigmtion, By Miss Maeia E.te. 


5. Female Fmitjration. By Mrs. Buet, 


6. Female Fmigration, By Mrs. Jotce. 


7. Pojpulation, Immigration, and Pauperism in the Dominion of Canada, 

By J. Lowe. 


8. On the Prohahility that a Marriage entered into at any Age will he 
Fruitful, and that a Marriage which has been Childless for several years 
will sulseguently become Fruitful, By T. B. Speague, M,A. 

The author stated that this subject is of great practical importance in connection 
vdth disentail proceedings in Scotland, Any entail can now be cut off by paying 
to certain of the expectant heirs the calculated values of their expectations of 
succeeding to the estate. "Vilien the proprietor is a bachelor, or a married man 
without children, and the expectant heir is a brother, nephew, or remoter relation, 
the expectant interest of the latter is liable to be defeated by the birth of issue, 
and the probability of this has to be taken into account in calculating the value of 
the expectant interest. Scarcely any statistical information bearing on this point 
seems ever to have been published, and the author therefore found it necessary to 
compile statistics from the records of the British peerage. He extracted particulars 
of the marriages of 1522 men who were either peers at the close of the year 
1870, or their near relatives—^brothers, sons, uncles—the fathers being excluded for 
the obvious reason that, as they all left at least one son, the inclusion of them in 
the observations would give too large a proportion of fruitful marriages. Other 
precautions were taken, which are fully described in the authors papers on the 
subject, about to he published in the * Journal of the Institute of Actuaries.’ 

The general results obtained from an examination of the circumstances of the 
1522 marriages are shown in the foUowing table; 


Hushauds age at 
marriage 

If amber of marriages 

Of which became fruitful 

Kumber 

Percentage 

16-20 

806 

678 

84 

30-39 

457 

363 

79 

40-49 

161 

101 

67 

60-59 

65 

33 

51 

60 and upwards 

43 

7 

16 

1 

411 ages . . . 

1,522 

1,182 

78 


In only about one-third of the cases could the wife’s age . at marriage he 
asq^itaii^d. these the results were as follows: 
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j Wife’s age at 

j marriage 

I. 

Number of marriages 

Of which became fruitful 

Number 

Percentage » 

15,16 

6 

6 

100 ‘ 

17-19 

103 

99 

87 ^ 

20-22 

151 

131 

86 j 

23-25 

107 

91 

85 I 

26-28 

57 

47 

82 1 

29-32 

11 

32 

78 ? 

33-37 

16 1 

8 

50 

38-42 

6 1 

2 

33 : 

43 and upwards 

11 

0 

. 1 

0 j 

All ages ... 

498 

407 i 

82 1 


In "botli taHes the percentages run with ^eat regularity, and the results are 
Tery similar in the two; so that, notwithstanding the comparative smallness of the 
numbers involved, the results appear entitled to great confidence. 

In order to solve the second question proposed, and obtain the probability that 
a marriage which has been childless for several years will subsequently become 
fruitful, it is necessary to tabulate the marriages according to the year in which 
the first child was horn. This is done in the ibllowing table, which relates to the 
806 marriages of men under thirty. It shows that 292 of these became fruitful in 
the first year after marriage, 256 in the second, 72 in the third, and so on, until we 
come to a single marriage which became fruitful in the seventeenth year, after 
which none became fruitful. Deducting from the total of 806 the 292"marriages 
which became fruitful in the first year, and the 4 which were dissolved by the 
death of either husband or wife, we have 510 unfruitful marriages subsisting at 
the beginning of the second ^Fear, of which 386 (or 76 per cent.) subsequently 
became fruitful. The figures in the last column are obtained by division from 
those in the two previous ones, and give the probability retjuired, which, we see, 
steadily diminishes to 20 per cent, at the beginning of the sixth year, 10 per cent, 
at the beginning of the eleventh, and 1 per cent, at the beginning of the seven¬ 
teenth, after which it vanishes. 


Tear 

after 

marriage 

Became 

fruitful 

Unfruitful marriages dissolved by 

Existing 

at 

beginning 
of year 

Of 

which 

became 

fruitful 

Proba¬ 
bility of 
marriage 
being 
fruitful 

Deal 

Husband 

hof 

Wife 

Divorce 

All 

Causes 

1 

292 


2 

_ 

4 

806 

678 

•84 

2 

250 

1 

— 

— 

1 

510 

386 

•76 

3 

72 

3 

2 

— 

5 

253 

130 

•51 

4 

16 

1 

— 

— 

1 

176 

58 

'33 

5 

13 

— 

2 

— 

2 

159 

42 

'26 

6 

5 

2 

2 

— 

4 

144 

29 

•20 

7 

5 

1 

2 

— 

3 

135 

24 

•18 

8 

4 

1 

1 

2 

4 

127 

19 

•15 

9 

1 

— 

— 

— 

— 

119 

15 

•13 

10 

3 

— 

— 

1 

1 

118 

14 

I -12 

11 

5 


1 

— 

1 

114 

11 

i -10 

12 

1 

1 

2 

— 

3 1 

108 , 

6 

•06 

13 

,2 

— 

— 

— 

— 

1 104 

5 

‘05 

14 

— 

2 

— 

1 

3 

102 

3 

'03 

15 

— 

1 ' 

1 

— 

2 

99 

3 

•03 

16 

2 

2 

4 

— 

6 

, 97 ! 

i ^ 

•03 

17 

1 i 

2 ' 

— 

— 

2 

89 I 

j 1 

'01 

18 

— i 

2 

1 

— 

i i 

' 86 i 


•00 

19 

— i 

2 

1 

— 

3 

' S3 

I _ 

•00 

20 

— 

1 

1 2 

i " 1 

— 

3 

5 80 

j — 

•00 

Total . 

678 

i 

! 23 i 

\ 

4 1 

51 
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9. On the relative Dangers of Goal and Metal Mining in the United 
Kingdom, Bg 0. Lb Neve Foster, B.A,, D,So., F,G.S- 

Eeferiing to a statistical table published in the reports of the inspectors of 
mines for the year 1883, the author pointed out that the figures given for the 
annual death-rates from accidents at mines under the C^oal IMines EeguJation Act 
and 3Ietalliferous Mines Eegulatiou Act, viz., 2*23 and 1’64 per 1,000 respectively, 
do not convey a correct idea of the relative dangers of the two classes of mines, 
because the proportion of the surface workers with a small risk is twice as great in 
the metalliferous mines as in the coal mines. A true estimate can only be formed 
by comparing the deaths from accidents among the underground workers. The 
average annual mortality from accidents for the ten years 1874 to 1883 then be¬ 
comes 2*55 per 1,000 at mines under the Coal Mines Act and 2*38 at mines under 
the Metalliferous Mines Act; consequently the relative dangers are expressed by 
the ratio 51 to 47, instead of 3 to 2, as appears to be the case when the surface 
hands and accidents are included. 

The author also showed that though the Coal Mines Eegulation Act includes 
mines worked for ironstone, slate, and fireclay, the general conclusion would not 
be vitiated because the largest ironstone mines, those in the Cleveland district, ha\e 
a death-rate which is higher than the average of the mines under this Act. His 
general conclusions were that an average coal mine is very little more dangerous 
than an average metal mine, and that certain mines worked for metals, such as 
those in the Cleveland district, and the tin and copper mines of Cornwall, are com¬ 
paratively more destructive of life than collieries. 


WUJDyBSJDSY, SBJPTBVBBB 3. 

The following Papers were read:— 

1, The Banhing System of Canada, By H. J. Hague. 


2. Bros^ective Brices in JEJurope, America, and Asia, 

By Hyde Clarke, V.B.S.S. 

The author objected to artificial averages of prices as calculated to mislead, and 
stated that the effect of prices was rather to be giuged by great and governing 
commodities, such as corn, which supplies the food of labour, and steel (iron), 
which furnishes its instruments and machines. With regard to vegetable and 
animal commodities, and even to man, the primary influence was due to the 
physical phenomena of the universe, and their cycles and fluctuations. lie was 
the first to point out, in 1847, the periodical laws affecting natural production, and 
thereby, as the consequences, panics and crises. This, now dealt with as the sun¬ 
spot period, had been worked out by Professor Jevons, but Mr, Clarke still advo¬ 
cated the terms of his original propositions as most practically meeting the 
requirements of economical science. Steel, reduced hy the improvements of 
Heath, Bessemer, and Siemens, and not hy currency variations, from 60/. a ton, 
and so to 40/., and now to 41. or 5/. a ton for rails, had become a factor of prices 
under new conditions. Corn raised on prairie lands of uncropped fertility, and 
moved by cheap transport on land and sea, must also be regarded as produced 
under another economical standard. Therefore, so far as these elements were con¬ 
cerned, in their vast field of influence they contributed to the fall in prices and 
depression now witnessed. There was, however, a great economical event in 
progress, and needful for contemplation, and that is the change of condition and 
prices now going on^ in India, China, and Indo-Ohina, embracing populations of 
500,000,000. In India within our own time prices and wages had enhanced double, 
trelie, and fourfold under the operation of railways, and tkis must go on. If the 
United States w'ith 50,000,000 bad Indian prices, her tiade would 1^ a few millions 
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of pounds a year. If India, instead of daily wages of twopence-halfpenny, were 
at the United States rates, the population could abundantly consume imported 
manufactures. It was, therefore, to the progress of the world they chiefly had to 
look forward with hope. _ 

3. IFarmonies and Antagonisms in the Social Forces^ 

Bfj W. H. Douglass, 

Many writers on economies have taught that all the social forces are harmonious. 
The intention of the writer is to show that in the social forces there are certain 
antagonisms. 

Most text-books teach that exchange value is an essential characteristic of 
wealth. But wealth is directly proportionate to satisfaction and inversely to toil. 

We measure wealth by the increase of the ratio As the numerator in* 

toil 

creases or the denominator diminishes, wealth increases and poverty diminishes. 
When toil =* 0, then poverty disappears, value disappears; but according to the 
above definition wealth disappears. The definition is therefore illogical. 

Haymonies. —^The carpenter by attending to one pursuit produces more than he 
otherwise could. The blacksmith does the same. Therefore, when they exchange, 
each receives more, and each is therefore enriched. If one is rewarded better than 
the other, this attracts competition. If one is more burdened than the other, this 
repels competition. There are therefore three harmonies—mutual enrichment, 
equable reward, equable burden. 

In general, the methods of production as to time, place, implement, and other 
agents, are all harmonious, tending to the public weal, 

Antagonisyyis. —(1) Fuel on the American continent was not long ago very 
abundant. Consumption has been rapid, population has increased, the ratio of 
supply to demand has diminished. Hence the community is poorer in this com¬ 
modity. The value has increased: therefore the holders of the stores of fuel are 
richer. Here is emdehment on one side, Impoverishment on the other. 

What is true of fuel is true of minerals and land. 

(2) The methods of producing many commodities have been much improved, so 
that labour produces in much greater abundance. This induces intensified compe¬ 
tition in selling. The natural products, nunerals and land, cannot be increased; 
hence as demand increases with increased population there is diminished competi¬ 
tion. Here is a second antagonism—diminished competition against intensified 
competition. 

The product of the poorest land in cultivation marks the limit of the wages of 
unskilled labour. The surplus over the wage fund (without taking into considera¬ 
tion the modifying force of capital) goes to rent. After population attains a 
certain degree of density, any increase of population compels resort to inferior 
sources of supply. This tends to diminish production. But poorer land being 
cultivated marks a decrease in the wage-fund, leaving more to rent, a third 
antagonism. 

These examples show that exchanges are of two kinds: 1st, harmonious; 2nd, 
antagonistic. 

They show to some extent why the producers are not the possessors of wealth. 

They teach two important lessons:— 

1st. Incidence of taxation.—Avoid imposing taxes that will counteract the 
harmonies. Impose taxes in such a way that they may tend to correct the 
antagonisms. 

2nd. In disposing of the public lands such conditions should be imposed that 
these antagonisms may be prevented. 

4. Notes on Friendly Societies^ with special reference to Lapses and Malinger^ 
ing. By the Eev. 6r. Cecil White, M.A. 

The development and stability of friendly societies is a matter of general interest 
and has recently engaged the attention of the Convocation of Canterbury, who 
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have reported in favotir of the more general establishment of deposit friendly 
societies. They were led to this by certain defects of the more common system. 
One of the chief of these relates to lapses, by which a member wlio thus withdraws 
forfeits the whole balance of his previous contributions as well as future benefits. 
The percentage of members lapsing varies between 3 and 50 per cent, of the total 
number. In one society, however, which has a deposit as well as a benefit branch, 
the percentage of secessions in the fomer is only half that in the latter; yet were it 
otherwise the loss to those withdrawing would be comparatively slight, as the chief 
part of their deposit balance would be recoverable. Some steps in the direction of 
making allowance for paid premiums will have to be made sooner or later to give 
this form of thrift fair play, and those societies will be the wisest which do not 
hesitate to increase their contributions with the view of doing full justice to their 
members. 

The average duration of sick pay in deposit and friendly societies also presents 
a marked contrast. In the society on the dual basis already alluded to, the average 
sickness in the deposit branch, which admits female and even unhealthy members, 
was less than one-half of that at the benefit branch, wliich is confined more ex¬ 
clusively to healthy members. This, which tallies with more general experience, 
shows that the deposit system practically discomages malingering, and so protects, 
a man against the imscrupulous action of others in this respect. 

It does not, however, protect him against himself. Members have occasionally 
exhausted their deposits, and consequently been unable to claim sick pay when 
they have required it, while the fact that a large number withdraw even from 
deposit societies proves that a man’s fund in them is insecure against himself. 

This, though a comparatively slight evil, makes one hesitate to press the general 
establishment of deposit societies, and to some extent accounts for the slow progress 
they have hitherto made. Other causes also have contributed to this result, among 
which may he noted the necessary complication of the rules, the absence of the social 
element in most of those at present existing, and the slight interest which the 
members have been led to take in their management. 

It seems therefore desirable that instead of establishing new deposit clubs in 
competition with existing benefit societies, endeavours should be made to induce 
the latter to adopt the dual basis, if proper saf^uards can be provided, and to learn 
from experience the respective merits of the two systems. 


0. T/ie Oo?nmeretal IBtelations of Canada tvWi Spain and lie? Colonies^ 

By Don Arturo de Marcoartu. 

The following statement of the imports and exports between the Dominion 
■with Spam pd her colonies in America (Cuba and Porto Piico) and in the Pacific 
Ocean (Philippine Islands) shows the increase of this international trade in spite 
of very heavy tarifis on both sides— 


Imposts op the Dominion of Canada peoji the pollowing- Counteies. 



isrr 

' 1878 

1879 

1880 

1881 

1882 

1883 

Spain ....... 

Spamsli Antilles . , . 

6 

278,0.93 

ot)3,45l 

8 

277,429 

417,173 

$ 

343,849 

675,989 

$ 

236,538 

1,711,462 

$ 

399,684 

1,899,813 

462,219 

2,136,168 

$ 

584,072 

1,856,897 

Total . . , , . 

841,544 

634,602 

919,818 

1,947,980 

2,299,497 


— 

Spanish Provinces in) 
Pacific Ocean . . ) 

- i 

- 

210 

31,648 

221,956 

5,675 

136,347 

Total. 

841,544 

i 694,602 

920,028 

1,979,628 

2,621,453 

2,604,062 

3,578,116 

were , ' 

96,300,483 

91,199,577 

30,341,608 

71,782,349 

91,611,604 

113,648,937 

, - 
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Decrease of tlie total imports from j?96,000,000 (rougli figures) to )$72,000,000 
in 1880, and increase to ^8^112,000,000 in 1882. 

Increase of imports at the Spanish Peninsula from ^8^278,093 to 1^584,972 in 1883. 

Increase of the Spanish Antilles from ^563,451 in 1877 to .^2,136,168 in 1882, 
and to ^1,856,897 in 1883 (in the same period of time from 1877 to 1881). 

Increase.—^The imports from the United Kingdom, from jS^39,000,000 to 

j?43,000,000. 

Decrease.—^The imports fi:om the United States, from ^51,000,000 to 
3^36,000,000. About the same amount of imports, in the years between 1877 and 
1881—from France 3^1,410,772 in 1877 and j-?!,663,266 in 1881; and from Holland 
,?202,o77 in 1877 and ^225,190 in 1881. 

Increase of imports from Germany and Belgium more than 160 per cent. 


Exports from C ax aba to the following- Countries. 



1 1877 j 

1878 1 

! 

1879 ! 

ISSO 

1881 

1882 ! 

1883 ' 


1 ! 

1 ! 

$ ! 

! 

$ 

$ ' 

$ i 

1 a : 

Spain. 

1 62,^0 ' 

47,81G : 

50,596 1 

66,726 

46,653 ' 

108,072 

164,82.5 ' 

Spanish Antilles ... 

1,284,375 i 

1,089,807 ; 

1,237,528 1 

1,319,588 

1,167,612' 

1,078,273 

932.222 ' 

; Total. 

1,347,03 41 

1,137,623 ! 

1,288,094 1 

1,370,315 

1,214,265 : 

1,186,355: 

1,097,147 ' 

' Total exports from) 
Canada . . . . j 

; 75,875,383! 

1 

79,323,667 1 71,491,255 87,911,458 98,290,823 

1 '■ I 

102,137,503 1 

- ; 


During this period of time we find— 

Decrease of the exports to the Spanish Peninsula from ^62.652 to 3^46,653 in 
1881, and increase to 3^164,979 in 1888. 

From 1877 to 1882— 

Increase of the exports to the United Kingdom j5rom 3541,000,000 in 1877 to 
,553,000,000 in 1881. 

Increase with the United States fi'om .525,000,000 in 1877 to 536,000,000 in 1881, 

Increase about 100 per cent, with France, and more than 100 per cent, with 
Germany and Holland, and near 300 per cent, with Belgium. 

Since the great trade made by the Dominion with the United States and the 
United Kingdom and her colonies, Spain with her colonies came in order of impor¬ 
tance before France, Germany, and other nations. 


The Total of Imports and Exports of Canada with the Hpantsh 
Peninsula and her Colonies are as follows. 


! 

1 

1877 

1878 

1879 

1880 

1881 

lSb2 

1S8S 1 

t 

i Imports of Canada , . 

I Exports from Canada , 

$ 

841,649 
1,347,034 j 

§ 

894,607 

1,137,623 

919,818 
1,288,094 1 

8 

1,947,880 

1 1,370,315 

$ 

2,299,497 

1,214,265 

2,tU)4,U62 

1 1,186,355 

i 

S ! 
2,578,116 i 
1,097,147 j 

j Total. 

2,188,583 j 

1,832,230 

2,207,912 

1 2,318,295 

3,513,762 

1 3,790,417 

1 

3,675,263 | 


This statement shows an increase from 52,183,583 in 1877 to 53,513,762 in 
1881,—that is to say over 60 per cent.,—and 53,675,263 in 1883, or over 68 per 
cent, in 1883. 

At the same years were the— 


1 

1 1 

1877 

ISSl ! 

1882 j 

i 

! Total of imports on Canada. 

Total of exports from Canada .... 

.... 

$ 

n6.3m%4S7 

75,875,303 

$ 

91,811,604 

98,290,827 

1 

$ ^ 
119,412,500 
102,137403 

1 Total. 

.... 

lr2 175.376 

189,9112,027 

' 221.556,703 
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Oranmcrease of ^172,000,000 to i^l90,000fi00 in 1881,—an increase of 10 
per cent.; and to ;jS‘221,000,000 in 1882, or an increase of 20 per cent. 

So in the very years (from 1877 to 1881) that the total commerce (imports 
and exports) of Canada has increased 10 per cent., the commerce of imports and 
exports of Canada with Spain and her colonies has increased 60 per cent, j and 
between 1877 and 1883, that the total commerce of Canada has increased 29 per 
cent., the imports and exports of Canada with Spain and her colonies have increased 
over 68 per cent. 

As the result of studying the condition of trade between Canada and Spain 
and her colonies, the author comes to the following conclusions:— 

1. That the commerce between Canada and Spain and her colonies is less than 
it ought to be, tairing into consideration the wants of the two countries, the diver¬ 
sity of their productions, and the short distance the}' are apart. 

2. That a great deal of the trade is done indirectly through other countries, 
especially England and France in Europe, and the United States in America. 

3. That the Spanish-Oanadian commerce has been increasing from 1877 more 
rapidly than the total trade of the Dominion. In the meantime, from 1877 to 
1883, that the total commerce of the Dominion has increased about 29 per cent,, 
the commerce of Canada with Spain and her colonies has increased 68 per cent. 

4. That the Spanish Government has not a single prohibition in ber tariffs, 
and that Canada has maintained for many year's prohibitionist duties upon the 
Spanish wines, as some of these commodities are charged with 129 per cent, of 
their value. 

5. That the alcoholic scale is antagonistic to the national development of the 
commerce of Canada with Spain; it is contrary to the sound and practical prin¬ 
ciple of political economy for the revenue of the Dominion; is prohibitive for the 
consumption of the labouring classes in this country, and antagonistic to their 
temperance, their comfort, and their health; is itself unequitable within its degrees 
and duties, and is iniquitous in regard to the other spirit duties. 

6. That the heavy customs’ duties of Canada upon the molasses, juicy cane, 
and sugar are against the industry of the sugar-refineries in Canada, are against 
the employment of the workmen in this country, and against the health and comfort 
of all classes—especially against the labouring people. 

7. That the duties on the tobacco are against the development of another 
important industry in this country. 

8. That Spain must diminish her tariff upon some products from Canada, and 
give more facilities to exportation all over the Spanish tei*ritory for the grains, 
fishes, fruits, cattle, meats, coals, butter, cheese, w'oods, leather products and 
machinery ; at the same time that Canada must give facilities to import into this 
country the wanes, spirits, molasses, juice of cane, sugar, fruits, oil, coffee, tobacco, 
salt, and other products from Spain and her colonies. 

9. That as has been proposed by the Canadian Government, and already asked 
for, some association of this country is necessary to establish at once a regular line 
of steamers between Canada, Cuba, and Porto Rico, and to improve tbe telegraph 
and postal communications between the Dominion and West Indies. 

The author has no doubt that this line of steamers, the improvement of tele¬ 
graph and postal communication, and a liberal treaty of commerce between Canada 
and Spain, will open, with great i‘esults to over 4,500,000 inhabitants of this 
country, a market for the consumption of 25,000,000 Spaniards, or five times 
the population of the Dominion. He is quite certain that the commerce will be 
tripled in a very short time. 


6. Forestry. By J. Bbaufost HunLBERT, M.D., LL.B. 


?. The Forests of Canada. By J. Beatoobt Hoelbeet, If.D., LL.B. 

, feesm of Canada extend from the Atlantic to the Pacific. The mixed 
of, ^k^duous and coniferous trees cover the southern parts the Dominion, 
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and go as liigh as latitude 50® and 55®, in longitude 80° and 90° west, and to north 
of 60°, in longitude 120°, in the ralley of the Mackenzie Kiver. These forests 
probably cover two millions of square miles; and the conifers to the north an 
additional million. The cone-bearing trees are found in a broad belt west of the 
Eocky Mountains, sweeping around the shores of the Nortli Pacific and Ai’ctic 
seas, down the coasts of Hudson Bay and Labrador, and across the lower St. 
Lawrence, keeping in the cooler and more humid climates of the Pacific, Arctic, 
and xAtlantie oceans. Among these forests are also found white birch and poplar. 

The deciduous trees cover the parts of the continent having high temperatures 
and more or less copious rains in the summer months. The maple, beech, bass¬ 
wood {lmde7i\f elm, oak (^Querais alba), ash, and some others, require a summer 
of from 63° to 65°: and the white wood (Lmodendron tidipifera), buttonwood 
{Flatanus pepperidge {Xyssa midtiflora), sassafi^as {Sassafras o£icimU), 

and others, are found only in the south of Canada, where the siunmers are higher 
than 65°. 

The conifers are also found among the deciduous forests, and in some places 
predominate; but w’-here they are burned down or die, their place is almost exclu¬ 
sively taken by deciduous trees. About 1850 a very extensive forest of pines 
{Finns Strobus), covering many million acres in the south-west of Ontario, died. 
When the writer passed through that region in 18G2, not one live pine could be 
found, but poplars, oaks, and other deciduous trees had sprung up in the dead 
forest. 

The uniform rainfall during the summer months in Canada and the eastern half 
of the United States, with summer temperatures varying from 50° to 80°, are 
conditions favourable to the growth of forest trees. The absence of rain in the 
western half of the Eepublic is a sufficient cause for the absence over extensive 
regions of all vegetation.except the cactus and artemesia, or sage of the desert— 
emblems of an arid region. Much of this part of the continent is, like the 
desert of Sahara, rainless, treeless, and desolate. 

Between this arid region and that of the regular summer rains to the north and 
east—^the areas of the 'woodlands—^lie the prairies. In these grass zones there is 
not rain enough for forest trees, but enough to keep alive the wild grasses. The 
tops of these die during the droughts of summer, but the roots have vitality 
enough to germinate under the rains of autumn and spring. Trees, how’ever, 
which may have been killed by droughts have no such vitality. North of the 
parallel of 49°, east of the Rocky Mountains, there are about 120,000 square miles 
of ]3rairie land. Between this and the north Saskatchewan, to latitude 53° and 54°, 
fairies predominate; north of that river tn^q-thirds of the land is covered with 
forests. Along the eastern base of the Rocky Mountains, and extending up into 
their recesses, is a belt of conifers, the principal tree being the Douglas pine 
(this tree is, however, an Abies), and the white and black spruce. East of the 
mountains the watersheds are mostly covered wdth heavy forests of spruce, hut 
the dry ground, where there are trees, with poplars {Fopulus trnnnloides). The 
balsam poplar (P. baUamifera) grows to an enormous size on the Atbabaska 
(latitude 55° to 58°) and Mackenzie rivers (north of 60°), often from seven to ten 
feet in diameter, and one hundred feet in height. 

The forests of British Columbia west of the Cascade Mountains are very fine, 
and here the Douglas pine or spruce {Abies Dmiglasii) and giant cedar attain 
their greatest dimensions. On the western slopes of the Rocky Mountains are 
many species of pine and fir, which in the near future can supply the eastern 
plains with enormous quantities of timber. 

The comparative value of prairie and woodland for agricultural purposes is a 
question often discussed. The absence of trees is undoubtedly caused by a 
climatic defect, and that defect is manifestly the deficiency of moisture. The 
areas of summer droughts in the Old and New Worlds, in Australia and South 
America, are identical with the treeless regions. This climatic defect must operate 
permanently and with increasing intensity upon plants 'where such lands are 
Drought under cultui-e. A climate destructive to trees could not be propitious to 
fruit-trees, and certainly not to any of the grains, grasses, and root crops. Tern- 
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perature and rainfall during tlie summer months are the conditions of climate 
most favourahle to the productions of the earth. The absence or deficiency of one 
of these elements must necessarily render climates less propitious to plants. 
Forest lands are permanently the most profitable, and produce more abundant and 
more unifoim crops. Prairies, in high latitudes, as in Minnesota and especially in 
Manitoba, have a greater rainfall and more humidity than the regions to the south 
and south-vrest, and sufficient to produce -fine crops. But these are on the northern 
limits of the prairie lands. No doubt the preference is given to prairies from the 
greater facility in bringing them under culture, but the chief consideration should 
he the permanent quality of the soil and especially of the climate, and not the 
facility of beginning. 

The conditions in Canada in connection mth forests are very different from 
those in old countries where, through centuries of hewing and hacking, forests 
have heen destroyed, and especially different from regions to the parts of the 
western prairies o"f America, and the desert areas of the Old and New Worlds, 
where,^ from the severe summer droughts, it is difficult, and in many parts 
impossible, to get trees to grow. 

The most pressing want throughout the Dominion is the reservation of a 
certain percentage of the pristine forests. Many efforts have been made, for a 
quarter of a century or more, to induce the Governments of the provinces to require 
from the pm’chasers the reservation in forests of from one quarter to one half of 
every farm of 200 acres. So favourahle is the climate in Canada to the growth of 
trees that when a field has been left untilled for a few years it is covered by many 
varieties of native woods. 
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Section G.—MECHAKICAL SCIENCE. 

President op the Section —Sir P. J. LL.B., F.P.S., V.P.Inst.O.E, 


TRUI18BA r, .4 VGmi 28. 

The President delivered the following Address:— 

In a family of seven children there are two who are of paramount importance: 
the eldest, at the one end of the scale, important, because he is the heir, the first¬ 
born ; and at the other end of the scale, the little Benjamin, important because he 
is the last, the youngest, and the dearest. The position of little J^njamin is not, 
perhaps, quite as honourable as that of the heir, and not, when the family bresdss 
up, by any means as good; but while the family holds together, Benjamin receives 
an amount of attention and consideration that does not fall to the lot of any one of 
the intermediates, not even to the heir himself. But there is one risk about Benja¬ 
min’s position, a risk that cannot appertain to the post of the first-bom-, little 
Benjamin maybe deposed by the advent of a lesser Benjamin than himself, whereas 
the first-born becomes (if possible) still more the first-born for each addition to the 
family. Perhaps some of you may say, Be it so; but what has this to do with the 
address of the President of Section G ? Those who make this inquiry, however, 
certainly have not present to their minds the change that has this year taken place. 
Up to and including the Southport meeting. Section G was the little Benjamin 
among the seven sons of the B.A. (I will not waste your time by giving the name 
of the Association in full, nor will I affront you by using an abbreviation which 
is occasionally improperly applied), but at Montreal appears Section H, and G 
becomes relegated among those uninteresting members of the family who are 
neither the important head nor the cherished tail. I grieve for Benjamin, and I 
think the present occasion an apt one for magnifying Section G. Apt for two 
reasons: the foregoing one, that H has deposed it from its position; the other, that 
we are meeting in Montreal—and in reference to tins latter reason, let me ask, Is 
it not the fact that to the labours of the men who have been, or are (or ought to 
be) members of Section G is due the possibility of the meeting taking place on this 
side of the Atlantic ? 

At our jubilee meeting at Tork, I called the attention of the Section to the 
fact that in 1831, when the Association first met in that city, they arrived there 
laboriously Tjy the stage-coach, and that practically the Manchester and Liverpool, 
the Stocklon and Barlington, and some few others, were the only railways then in 
existence. I also called their attention to the fact that in 1831 there were but 
very few steamers. I find the total number registered in the United Kingdom in 
that year was only 447. If under this condition of things, the proposition had 
been made in 1832 at Oxford, as it was made in 1882 at Southampton, that the next 
meeting but one of the Association should take place in Montreal, the extreme 
probabHity is that the proposer would have been safely lodged in a lunatic asylum, 
for suggesting that that which might have involved a six-weeks’ voyage out, and a 
four-weeks’ voyage back, could ever be seriously entertained. Further, to give 
once more the hackneyed quotation, some few years after tMs, «>., in 1836, Dr. 
Lardner established to his own satisfaction conclusively, that no vessel could ever 
steam across the Atlantic the whole way. A striking instance of the mistakes 
made by scientific speculation; a branch of science widely dififering in the value of 
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its results from those branches which deal with absolute demonstration. Un¬ 
deterred, howeyer, by such adverse opinion, the engineers ^ kept on peg;ging away,* 
experimenting, improving, and progressing, until the scientific speculation was met 
with the hard fact of the Atlantic voyage steamed the whole way by the ‘ Sirius * 
a-nd by the ‘ Great Western* in 1838. The impossible was proved to be the pos¬ 
sible, and from that day to this the advancement of steam ocean navigation has 
•continued. The six-weeks’ voyage, sailing westward of the year 1831, has become 
converted into but little over six days. And thus it is that that which would have 
been a mad proposition in the year 1832, became a perfectly rational one in 1882; 
and the deliberations of the "General Committee on the proposition were^ not 
directed as to w’-hether it would be possible to convey the members with certainty, 
expedition, and economy across the Atlantic, hut as to whether it was expedient or 
not on general grounds to hold for the first time a meeting of the British Associa¬ 
tion elsewhere than in some city of the United Kingdom. I say again that the 
possibility of such a meeting is absolutely due to the engineer, and that therefore, 
on this gi’ound, the present is an appropriate occasion to magnify G, the Mechanical 
Section of this Association. 

It is true that the man who looks only at that which is on the surface may say, 

^ You arrogate too much to yourselves. You ignore (to which 1 say Heaven for¬ 
bid !) the skill and daring of your sailors. You ignore commercial enterprise, 
You ignore the development of iron and steel manufacture, which have enabled 
you to build the steamers of the present day. You ignore the increased output 
of the best steam coal in the world, and you attribute the whole result to the 
engineer.* Such an objector would be in the condition of that man who, in answer 
to George Stephenson’s question, ^ What is causing that railway train to move ? * 
said, ‘ Why, I suppose the coal that is burning in the locomotive; * and who was met 
by that grand and comprehensive answer, that it was the ‘ Sun,* for the coals were 
& consequence, and not a first cause. Similarly I venture to say that the mechanical 
engineer may lay claim to be the central source which has vivified and given rise 
to the improvements in the manufacture of iron and steel, in the construction of 
engines, and in the development of our collieries. 

There are those I know who object that Section G deals too little with pure 
science, too much with its applications. It may he as the members of Section G 
might retort, that it is possible to attend so much to pure science as to get into 
the unchecked region of scientific speculation, and that had the members of Section 
G been debarred from the application of science, the speculation of Ur. Lardner 
might to the present day have been accepted as fact. 

I have quoted it before, but it has so important a hearing on this point, and 
comes from a man of such high authority, that I cannot refrain from once more 
giving you Dr. Tyndall’s views on this question. 

‘ The knowledge of nature, and the progressive mastery over the powers of 

* nature, imply the interaction of two things—namely, thought conceived and 
^ thought executed; the conceptions of the brain, and the realisation of those coii- 

* ceptions by the hand. The history of the human intellect hardly furnishes a more 
^striking illustration of this interaction of thought and fact than that furnished Ky 
‘ the Association of Physics and Engineering. Take for instance the case of steam. 

* Without knowing its properties, the thought of applying steam could not have 
^ari^n, hence the first step was physical examination. But that examination 

* suggMted practice, and the steam-engine at last saw the light; thus experimental 
^ physics was the seedling from which the steam-engine S 2 >rang. But the matter did 

* not end here; the positions of debtor and creditor were soon reversed, for the 

* stupendous operations of the steam-engine forced men of thoughtful philosophic 
^ minds to inquire into the oiigin of the power of steam. Guess succeeded guess, 

* inspiration succeeded inspiration; the ever present fact of our railways, and our 

* power-looms, and our steamships gave the mind no rest until it had answered the 
/^estion, How are heat and steam, its instruments, related to mechanical power ? 

the works of the engineer not preceded the work of the natural philosopher, 
would never have been asked with the emphasis, nor pursued with 
nor answered with the success, which have attended it. It was the 
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‘ mtellectual activity excited bv tbe work wbicb the civil engineers of England had 

* accomplished that gave to philosophy the theory of the conservation of energy 

* inclnding the dynamical theory of heat. . . . The engineering genius of the future 
^ is certain to derive from this theory strength and guidance. Thus necessarily has- 
^ thought originated fact, and fact originated^ thought. In the development of 
‘ science these two powem are coequal; each in tuin ceasing to he a consequence,. 

< and becoming a creative cause. The Atlantic cable also had its small beginnings- 
^ in the laboratory of the physical inquirer. ^ Here, as before, experimental physics 
^ led the way to engineering facts of astounding magnitude and skilL But here also 
^the positions of debtor and creditor have been reversed, for the work of the 
^engineer has caused the physical inquirer to pursue his investigations with a 
‘ thoroughness and vigour, and'has given to those investigations a scope and magni- 
^ tude which, without the practical stimulus, would have been impossible. The 
^ consequence is that the practical realisation of sending electric messages along the 
‘ bottom of the Atlantic has been an immense augmentation of our Imowledge 
' regarding electricity itself. Thus does the human intelligence oscillate between 
‘ sound theorv and sound practice, gaining by every contact with each an accession 
^ of strength.* These two things are the soul and body of science. Sever sound 
‘ theory from sound practice, and both die of atrophy. The one becomes a ghost 
‘ and the other becomes a corpse.’ 

I think all men, even although they be followers of science in its purest and 
most abstract form, must agree that these words are words of sound sense, well 
worthy of being borne in mind and of bang acted on, and will, therefore, concur 
in the propriety of Section G dealing with engineering subjects generally as well 
as with abstract mechanical science. Once admitting this, I may ask—certain what 
the answer must he—whether there is any body of men who more appreciate and 
make greater use of the applications of pure science than do the members of this 
Section. Surely eveiy one must agfree that we engineers are those who make the 
greatest practical use not only of the science of Mechanics hut of the researches 
and iscoveries of the members of the other sections of this Association. 

Section A, Mathematical and Physical Science. The connection between this 
Section and Section G is most intimate. With any ordinary man I should have 
referred, in proof of this intimate connection, to the fact that the President of A 
this year is a member of the Council of the Institution of Civil Engineers, bat when 
I remind you that it is Sir William Thomson who fills this double office, you will 
see that no deduction such as I have hinted at can be drawn from his dual functions, 
because the remarkable extent and versatility oirhis attainments qualify him for so 
many offices, that the mere fact of his holding some one double position is no certain 
evidence of the intimate connection between the two. But setting aside this fact 
of the occupancy of the chair of A by a civil engineer, let us remember that tbe 
accompli^ed engineer of the present day must be one weE grounded in thermal 
science, in electrical science, and for some branches of the profesdon in the sciences 
relating to the production of light, in optical science and in acoustics; while, an 
other branches, meteorological science, photometrical science, and tidal laws ate all 
important. Without a knowledge of thermal laws, the engineer engaged in the 
coitruetion of heat motors, whether they he the steam engine, the gas pgine, or 
the hot-air engine, or engines depending upon the expansion and contraction under 
changes of temperature of fluids or of solids, will find himself groping in the dark •, 
he will not even understand the value of his own experiments, and therefore will 
be unable to deduce laws from them; and if he' make any progress at ah, it w^ 
not guide him with certainty to further development, and it niay be that he will 
waste time and money in tbe endeavour to obtain results whiea a knowledge of 
thermal science would have shown him were impossible. Fumi^ed, however, 
with this knowledge, the engineer starting with the mechanical equivalent of heat, 
knowing the utmost that is to be attained, and starting with the knowledge of 
the calorific effect of different fuels, is enabled to compare the results that he 
obtains with the maximum, and to ascertain how far the one falls short of the 
other 5 he sees even at the present day that the difference is deplorably large, 
but he further sees in the case of the steam engine, that which the pure scientist 
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would uot so readily appreciate, and tliat is, how a great part of this loss is due to 
the inahility of materials to resist temperature and pressure beyond certain com¬ 
paratively low limits; and he thus perceives that unless some hitherto wholly 
unsuspected, and apparently impossible, improvement in these respects should 
be made, practically speaking the maximum of useful effect must be far below 
that which pure science would say was possible. Nevertheless, he knows that 
within the practical limits great improvements can be made, he can draw up a 
debtor and creditor account, as Dr* Bussell and myself have done, and as has been 
done by Mr. William Anderson, the engineer, in the admirable lecture he gave at 
the Institution of Cml Engineers in December last on The Generation of Steam 
and the Thermo-dynamic principles involved. Furnished with such an account, 
the engineer is able to say, in the language of commerce, I am debtor to the 
fuel for so many heat units, how, on the credit side of my account, do I discharge 
that debt ? Usefully I have done so much work, converted that much heat into 
energy. Uselessly I have raised the air needed for combustion from the tem¬ 
perature of the atmosphere to that of the gases escaping by the chimney; and 
he sets himself to consider whether some portion of the heat cannot he abstracted 
from these gases and be transmitted to me incoming air. As was first pointed 
out by Mr. Anderson, he will have to say a portion of the heat has been con¬ 
verted into energy in displacing the atmosphere, and that, so far as the gaseous 
products of the coal are concerned, must, I fear, be put up with. He will say, 
I have allowed more air than was needed for combustion to pass through the 
fuel, and I did it to prevent another source of loss—the waste which occurs when 
the combustion is imperfect; and he will begin to direct his attention to the use 
of gaseous or of liquid fuel, or of solid fuel reduced to fine dust, as by Cramp- 
ton’s process, as in these conditions the supply may be made continuous and 
uniform, and the introduction of air may be easily regulated with the greatest 
nicety. He will say, I am obliged to put among my credits—loss of heat by con¬ 
vection and radiation, loss by carrying particles of water over with the steam, loss 
by condensation within the cylinder, loss by strangulation in valves and passages, 
loss by excessive friction or by leakage; and he will as steadily apply himself to the 
extinction or the diminution 'of all such causes of loss, as a prudent Chancellor of 
the Exchequer would watch and cut down every unproductive and unnecessary 
expenditure. It is due to the guidance of such considerations as these that the 
scientific engineer has been enabled to bring down the consumption of fuel in the 
steam engine, even in marine engines such as those which propelled the ship that 
brought us here, to less than one-half of that which it was but a few years back. 
It is true that the daily consumption may not have been reduced, that it may he 
even greater, but if so it arises from this, that the travelling public will have high 
speed, and at present the engineer, in his capacity of naval architect, has not seen 
how—^notwithstanding the great improvements that have been made in the forms 
of vessels—^to obtain high speed without a large expenditure of power. I antici¬ 
pate from the application of thermal science to practical engineering, that great 
results are before us in those heat motors, such as the gas engine, where the heat is 
de^ebped in the engine itself. Passing away from heat motors, and considering 
heat as applied to metallurgy; From the time of the hot blast to the regenerative 
furnace, it is due to the application of science by the engineer that the economy of 
the hot blast was originated and that it has been developed by the labours of 
Lowthian Bell, Cowper, and Cochrane. Equally due to this application are the 
results obtained in the regenerative furnace, in the dust furnace of Crampton, and 
in the employment of liquid fuel, and also in operations connected with the rarer 
metals, the oxygen furnace and the atmospheric gas furnace, and, in its incipient 
stage, the electrical furnace. To a right knowledge of the laws of heat and to 
their application by the engineer, must he attributed the success that has attended 
the aii^refidgerating machines, by the aid of which fresh meat is at the end of a 
h^ng voyage delivered in a perfect condition; and to this application we owe the 
economic distillataon of sea water by repeated ebullitions and condensations at 
euoees^ely decieamng temperatures, thus converting the brine that caused the 
Anment Mbiner to exclaim, * Water, water everywhere, nor any drop to drink/into 
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tlie purest of potable waters, and tliereby rendering* tbe sailor independent of ixesb- 
water storage. 

With respect to the application by the engineer of electi-ical science, it is within 
the present generation that eleetiicity has passed from the state of a somewhat 
neglected scientific abstraction into practical use: first, by the establishment of the 
land telegraph, then by the development into the submarine cable, by means of 
which any one of us visitors here in Canada may be in instant communication with 
his own country, and may be so without a selfish exclusive occupation of the eahie, 
for once more the application of science has solved that apparently impossible pro¬ 
blem of employing a single wh*e to be at one and the same time the transmitter 
of multiple electric messages, and messages in opposite directions. Then, thanhs to 
the application of Faraday’s great discovery of induced electricity, there has been, 
during tbe last quarter of a century, the progressive development of the dynamo- 
machine, whereby the energy of ordinary motors, such as steam engines, is converted 
into electrical energy, competent to deposit metals, to (as has already been said) fuse 
them, to light not only isolated buildings, hut extensive areas of towns and 
cities, and to transmit powder to a distance, whether for manufacturing purposes 
or for the railway or tramcar; and thus the miracle is performed of converting a 
waterfall into a source of light, as at Sir William Armstrong’s house, or into the 
origin of power for a railway, as at the Giant's Causeway. To the application of 
electrical science is due the self-exciting of the dynamos and the construction of 
secondary batteries, enabling a development of electricity to he continued for many 
hours. In the Umted Kingdom, general electric-lighting, that is to say, the light¬ 
ing of large sections of a town from a central station, has been stopped by the 
most unwise, because most unjust, conditions imposed by the Government General 
Electiic Lighting Act of A new and meritorious industry, which should 

have been gnmted the same privileges as are accorded to other industrial under¬ 
takings needing Parliamentary powers, was subjected to this most unjust condition: 
that at the eud of twenty-one years the public authority of the to^m or place 
lighted should have the option of huymg the undertaking for the then value of the 
mere materials, and that if the authority did not choose to purchase (for it was not 
bound to buy), at every subsequent five-year period this option should re-arise 5 
that is to say, that a new undertaking, which would require years for its general 
acceptance (for the public is slow to take up a novelty), was, after the experimental 
and non-paying stage had been passed, to be practically forthwith taken away for 
a mere fraction of the capital that had been outlaid if the undeitaking paid, hut 
was not to he taken away if it did not pay. Such, in spite of the teaching of 
Section F, is the condition to which our Government has arrived in respect of 
economic science. The next electrical matter I have to touch upon, that of the 
telephone and microphone, with which will for ever be associated the names of 
Graham-Bell, Edison and Hughes, has, as I’egards the public use of the telephone, 
been aU but similarljr treated in the United Kingdom. It has been declared to be 
%vitHn the telegraphic monopoly given by Parliament to the Post Office nine years 
before the telephone was invented, and the power to use it depends entirely upon 
the grace and favour of the Post Office, a grace and favour not always accorded; 
and even when accorded, coupled with limitations as to distance, and coupled with 
a condition of payment of 10 per cent, of the gross receipts by the companies to 
the Post Office as a royalty; and all this because Government has become a trader in 
electrical intelligence, and fears the competition of , the telephone with its telegraphs. 

No one in the ship-loving countries of England, Canada, and the United States 
can refrain from feeling the warmest interest in all connected with navigation, and 
we know how frequently, alas! the prosperous voyage across the wide and fathom¬ 
less ocean ends in shipwreck and dieter when the wished-for shore is approached, 
and when the sea is comparatively shallow. Except for the chance of collision, 
there is in a staunch ship little toger in the open ocean, but on nearing the shore, 
not only is the liability to collision increased, but shoals and sunken rocks render 
navigation perilous, and it is on the excellence of the lighthouses and lightships 
that (coupled with soundings) the sailor relies. These structures and appliances 
are confided to the engineer, and to be efficient they require him to be able to 
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apply tlie teacliing^s of Section A in optical science, and in the case of or os 
regards buoys at night-time, the science of sound. I parenthetically alluded to 
soundings as one (indeed a principal one) of the safeguards of ships whm ap¬ 
proaching shore. It is important in these days of high speeds that thefeQ ^ould 
be made with ease and without the necessity of stopping: the ship, or even of 
diminishing its velocity. Sir William Thomson, by the application of the S‘cience 
of pneumatics, has enabled this to he done. Again, most important is that 
the compass, midst all the difficulties attendant upon its be ins; situated ou ai iron 
or steel structure, should be trustworthy. And here Sir Williain has appliei the 
science of magnetism in his improved compass to the practical purposes of navi¬ 
gation. 

To go to another important branch of engineering—water supply. Tke engineer 
dealing with a district to be fed from the surface will find bim&elf very desfieunt if 
he have not the power of applying the science of meteorology to the woilc he 
has in hand; he must know, not the average rainfall, for that is of but little nse to 
him, but the maximum, and most important of all, the minimum rainfa.ll ow a 
consecutive period of years: the maximum so that he may provide suHicieiit chan¬ 
nels and hy-washes for floods; the minimum so as to provide suffieieat sioiage. 
He must know what are the losses by evaporation, what are the chances of frost 
interfering with his filters and with his distributive plant. 

Coming to the mathematical side of Section A—whether we consider tL&mval 
architect preparing his design of a vessel to cleave the waves with the least resist¬ 
ance at the highest speed, or whether we consider the unparalleled scics of 
experiments of that most able Associate of Hava! Architects, the late William 
Troude, carried out as they were by means of models which were adniiraHe jxi their 
material, their mode of manufacture with absolute accuracy to the desiwd shape, 
and their mode of traction and of record, we must see that both architect ancl 6K|eri- 
meuter should be able to apply mathematical science to their work, afid t hat it is 
in the highest degree desirable that they should possess, as Froude did, those Mst 
excellent gifts, science and practical knowledge. 

Again, the mathematical side of Section A has to be applied by engineers when 
eonsidering the strength and proportion of boilers, ships, bridges, ghdeis^vijaditfets, 
retaining walls, and^ in short the whole of the work with which an engineen is 
intrusted. Notable^ instances of great bridge^? will occur to all our minds, espedally 
meeting ^ we are in this Continent of giaud streams, Stephenson’s Tubular 3ri ige 
in this city, Eads’ St. Louis Bridge, Hoeblings’ Niagara Bridge, and his bis 
sons’ East Eiver Bridge, Hannaford and G 2 owski’s International Bridge, and ^o^iQg 
back to our own land, Fowler and Baker’s Bridge over the Forth. 

Passing from Section A to Section B, there is evidently so much oveilappiog 
of these sections that a good deal that I have said in reference to Section A mght 
properly have been reserved for Section B. The preparation from the oie of Iro 
vauous metals is in truth a branch of engineering; but to enable this to be 
iOccompIisbed with certainty, with economy, involving the not throwing of 
that which is called the waste product, but which is frequently a valuable material ,lt 
is essential that the engineer and the chemist should either be combined inoneand 
the same person, or should go hand in hand. In the manufacture of pig iron 
absolutely necessary that the chemical constituents of the ore, the fuel, and 
flux should be thoroughly understood, and that the excellence of the process foll^wd 
should be tested by au analysis of the slag. For want of this chemical knowledge 
thousands upon thousands of tons of bad pig iron have been made, and tbtt- 
sands upon thousands of tons were formerly left in the issuing slag. Sitnilssr 
remarks apply to the production of lead and of copper from the ores, and still 
more do they apply to that great metallurgical manufacture of the last few yems— 

* st^U In the outset^ steel was distrusted because of the uncertainty of its 
haviour, but the application of chemical science now enables the manufactiir^sr 
to produce with precision the material required to fulfil the physical tests imwM 
bytheeu^er. / 

^ ItoveKW^ to tbe water en^eer, the chemist and the microscopist have th^ 
sciences applied to ascertmn the purity of the intended source, and, m in tha 
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of Clarke’s beautiful process, hy the application of ohemistiy, TV'ater, owin^ its hard¬ 
ness to that common cause, carbonate of lime, is rendered as soft as the \rater from 
the mountain lake. Taldng that other branch of engineering commonly coupled 
with water, ^iz., the supply of gas, the engineer is helpless without the application 
of chemistry. From the examination of the coal to be used, to the testing of the 
gas to be supplied, there is not one stage where chemical science is not necessary'. 
The consumer requires gas which shall be as nearly as possible a pure hydro¬ 
carbon of high iiluminating power, and it might well have been that a person to 
whom was delivered the crude gas as it issued from the retort would have said, 
^ Certain things may be separated out more or less, but to practise on a whole¬ 
sale scale the delicate operations which will be needed to cleanse the illuminating 
gas from its multifarious accompanying impurities is a hopeless undertaking, 
and must be so if for no other reason than this—^the excessive cost that would be 
entailed.’ But what are the facts? Although I for one do not like to sit in a room 
where gas is burnt, unless special provision is made for taking away the products 
of combustion, the engineer of the present day, thanks to the application of 
ohemical science, delivers gas to the consumer in a state of comparative purity 
(although it may have been made from impure coal) which but a few years ago 
would have been deemed impossible; and so far is this improvement from being 
attended with extra cost, that the residual products not now uncommonly all but 
pay the whole cost of the coal, and in some rare instances even leave a slight profit 
to go towards the ch^ge for labour. Again, it is by the application of chemical 
science in the dynamite and the gun-cotton of the present day that the engineer is 
enabled to prepare submarine foundations, to blast away shoals, and to drive tunnels 
through rock of a character that cannot be dealt with by mere cutting-machines. 
Equally to the application of chemistry is it due that there are hopes, by the em¬ 
ployment of lime cartridges, of breaking^down coal without that risk of igniting fire¬ 
damp which is attendant upon the use of gunpowder, I need hardly observe that 
much more might most pertinently be said on the way in which the engineer 
.applies chemical science. In fact, those ways are so multifarious, that a volume 
might be written upon them, but I must pass on and ask you to consider how the 
•engineer applies geological science, the science treated by Section 0. 

"l have already spoken of the engineer supplying towns by water collected from 
the surface j even he, however, must have a knowledge of geology, for without it 
he will not know what places are apt for the huge reservoirs he constructs, nor 
where he can in safety make his enormous embankments. In this continent of 
Tast lakes one feels it must excite a sensation of the ridiculous when a ‘Welsh lake ’ 
is spoken of, but I must ask you to believe you are in Lilliput, and to imagine that 
the ^ Bala Pond ’ of eleven hundred acres in extent is really ‘ Bala Lake/ as it is 
’Called. Within a few imiles of that, our friends at the other end of the Atlantic 
steam ferry, the inhabitants of Liverpool, are now constructing, under the engineer¬ 
ing and aivice of Mr. Hawksley, waterworks which will involve the formation, 
I believe one may safely say the re-formation, of a lake, practically the same area as 
that of Bala, of some SO feet in depth, and containing between the overflow and 
the point of lowest discharge nearly twelve thousand million gallons. This lake 
will be made by the throwing from side to side of the valley of a solid stone bank, 
100 feet above the ground, 146 feet above the deepest part of the foundations, and 
113 feet thick at its thickest part. Contrasted with Lake Superior this new 
lake will be small, a thing even demanding a microscope, but the bursting 
of the wall would liberate a body of water sufficient to carry death and ruin 
throughout a considerable district. It is, therefore, in the highest degree im¬ 
portant that whether he be constructii^ the solid stone wall, or the more 
common earthen embankment with a puddle trench,^ the engineer should so 
apply geological science as to ensure the safety of his work. But in those 
cases where the waterworks engineer has to "derive the supply from under¬ 
ground sources, the application of this lienee is still more necessary; he must 
know whether he is likely to find a water-bearing stratum at all—^if so, where 
it receives the rain from heaven, and the extent oi the area which receives it in 
what direction the water travels through it, what is the varying height of water 
1884 3 L 
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in the different parts of the stratum giving the ‘head’ to produce that travel; 
how far this height is likely to he affected by the pumping of the desired quantity; 
whether, if near the outflow into the sea, ‘the pumping is likely to reverse the 
direction of the current, and to bring hack brackish water, and whether the rocks 
are of such a character as to he liable to yield a water impregnated with iron or 
with lime, and whether these water-bearing rocks are accessible from the surface 
without the execution of costly and laborious work in passing through overlying 
strata of an unfit or it may be even of a dangerous character. It need hardly be 
said that the engineer when engaged in metalliferous mining, or in the extraction 
of coal or of petroleum, unless he applies the science of Section 0, is but a haphazard 
explorer whose work is more likely to end in disaster than in success. Again, 
the engineer, when laying out a railway, has to consider the geological features 
of the country in fixing the angles of his cuttings, and in determining where it 
becomes more economical to tunnel than to cut. Indeed, without the appli¬ 
cation of that science to engineering there are some enterprises on the feasi¬ 
bility of which the engineer would not be able to pronounce an opinion—a 
notable instance, the Channel Tunnel. The engineers, of whom I am one, 
said there is a material, the compact non-water-bearing grey challt, which 
we have at a convenient depth on the English side, and is of all materials 
the most suitable; if that exist the whole way across, success is certain. Then 
came geological science, and that told the engineer that in France the same 
material existed; that it existed in the same position in relation to other forma¬ 
tions as it existed in England; that the line of outcrop of the gault lying below it 
had been checked across; and that taken together, these indications enabled a 
confident opinion to be expressed that it was all but certain this bed of grey chalk 
prevail &om side to side. The engineers believed it, an intelligent section of the 
public believed it, and came forward with their money; large sums were expended in 
jEngland and in France on the faith of the repeated declaration of the English 
Government (of both sides of politics), that so long as the nation was not called 
on to contribute towards the cost of the work, it would hail with satisfaction the 
improved means of communication between England and the Continent; the experi¬ 
mental works were carried on from both sides with the happiest results, and then^ 
when success appeared certain, the whole work was stopped by the incredible 
suggestion that in the event of a war the soldiers of England, and the science 
of England, could not defend a couple of rat-holes, holes 14 feet in diameter and 
20 nules long, situated far below the surface of the sea, having a rapid dip from 
the shore to a low point, gradually rising from there to the centre of the length 
of the tunnel, so that the English end could be flooded with sea-water in twenty- 
five minutes up to the soffit of the arch at the dip; ard in consequence of this in¬ 
credible and most-to-be-ashamed-of scare a stop has been put not only to one 
of the finest instances of civil engineering work in connection with the science 
of geology, but also as I believe to one of the most useful works that has ever 
been proposed* 

To come to Section B, the botanical side of it is interesting to the en¬ 
gineer as instructing him in the locality and quality of the various woods that 
he occasionally uses in his work. ’With regard to that most important part of 
the work of D, which relates to ‘germs’ and their influence upon health, the 
engineer deals with it thus far: he bears in mind that the water supply must be 
pure, and that the building must be ventilated, and that excreta must he removed 
without causing contamination; thus the waterworks engineer, the warming and 
ventilating engineer, and the sewage engineer can (and do) all of them profit 
by the labours of Section B, and can by their works assist in giving practical 
value to the pure science of that section. 

. Section E, Geography^ Probably in these days, when onr kingdom at home 
’ and the old. countries near us are all hut full of the works of the engineer, there 
lew who take a greater interest in geography than he does, and I am quite sure 
aire none who make a more useful application of geographical knowledge for 
of mankind at laige^ than does the engineer. Almost at the outset of 
I (dalmed to magnify Section G, on the ground that without the aid of 
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its members we should not have had that practical lesson in geography winch we 
have^ received by our visit here, a lesson that no doubt will be continued and 
amplified by many of us before we return to our homes. Whether it be by the ocean 
steamer or by tbe railway train, the enterprising geographical explorer is carried 
to or through countries which uow, thanks to the engineer, are well known and 
settled, up to the beginning of the unknovra and not settled; and thus his labours are 
lightened, he consumes his energies only upon his true work, brings back Ms report, 
wMch is, as I have said, studied by "the eugineer with a view to still further 
development, and thus turn by turn the geographer and the engineer caiiy civilisa¬ 
tion over the face of the world. 

Now to come to Section F, which treats of Economic Science. The matters 
with which this section deals—birth-rate, death-rate, the increase or the diminution 
of populations, the development of particular industries in different localities, the 
varying rates of wages, the extent and nature of taxation, the cost of production, 
the cost of transport, the statistics of railway and of marine disasters, the con¬ 
sumption of fuel, and many matters wMch come within the purview of Section F, 
are of importance to the engineer. Guided by the information given him by the 
labours of this section, be comes to tbe conclusion that a work having a particular 
object in view should or should not he undertaken. With the information derived 
ft’om the past he judges of the future; he sees what provision should be made for 
prospective increase of population or of industries; he sees the chances of the com¬ 
mercial success of an undertaking or of its failure, and he advises accordingly. 

I do not propose to say anything about Section H, for I have dealt vdth it as 
being still included within B. ^ 

1 trust I have now established the proposition with which I set out, viz., that 
not only is Section G the section of Mechanical Science, but it is emphatically 
the section of all others that applies in engineering to the uses of man the several 
sciences appertaining to the other sections: an application most important in the 
progress of the world, and an application not to be lightly regarded, even by^ the 
strictest votaries of pure science, for it would he vain to hope that pure science 
would continue to he pursued if from time to time its discoveries were not brought 
into practical use. 

Under ordinary circumstances I should have closed my address at this point, but 
there is a subject which at this, the first meeting of Section G after the meeting at 
Southport, must be touched upon. It is one of so sad a character that I have 
avoided all allusion to it until this the very last moment, but now I am compelled 
to grapple with it. 

In the course of this address I have had occasion to mention several names of 
eminent men, many of them happily still with us, some of them passed away: but 
1 doubt not you have been struck by the absence of one name, wMch of all others 
demands mention when considering physical science, and still more does it come 
vividly before us when considering the application of science to industrial purposes. 
I am sure I need not tell you that this name, which I can harifiy trust myself to 
speak, is that of our dear friend 'William Siemens, whose contributions to science, 
and whose ability in the application of science, have for years enriched the trans¬ 
actions of this section, and of Sections A and B, for in him were combined 
tbe mecbanic, the physicist, and the chemist. 

But a brief year has elapsed since he quitted the Presidential chair of the 
Association, and, with us at Southport, was taking his accustomed part in the 
work of this and of other sections, apparently in good health, and with a reasonable 
prospect of being further useful to science for many valuable years to come. But 
it was not to be; he is lost to us, and in losing "him we are deprived of a man 
whose electrical work bas been second to none, whose thermic work has been 
second to none, and whose enlarged views justifi^ him in embarking in scientific 
speculations of the grandest and most profound character. Whether or not his 
theory of the conservation of the energy of the sun shall prove to be correct, it 
cannot be demed that it was a bold and orkjnal conception, and one thoroughly 
wdH reasoned out from first to last^ 

Ifeei that were I to attempt anything like the barest summary of his diseovefies 

3 X. 2 
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and inTentions, I should set myself a task which could not have keen fulfilled had 
I devoted the whole of the time I had at my command to the purpose. I had, 
indeed, thought of making his work the subject of my address, but I felt that his 
loss was so recent that I could not trust myself to attempt it. There is no need 
for me to dwell further upon this most painful topic. lie w'as Imown to you all, 
he was honoured and loved by you all, and by every member of this Association 
he had so faithfully served, and over which he had so ahly presided; and he enjoyed 
the respect and esteem of the best intelligence of England, the land of his adoption; 
of the Continent, his birthplace; and of Canada, and of the United Slates, whose 
populations are always ready to appreciate scientific talent and the resulting in¬ 
dustrial progress. It is not too much to say that few more gifted men have ever 
lived, and that with all his ability and talent he combined a simplicity, a modesty, 
and an affectionate disposition that endeared him to all. 

I am soiry to conclude my address to you in this mournful strain. I have 
endeavoured to confine my allusions to our dear friend within the narrowest 
limits, but if I have overstepped these I trust you will forgive me, remembering 
that' out of the fulness of the heart the mouth speaketh.’ 


The following Papers were read:— 

1. The Forth Bridge, By Benjamin Baeee, IIInst.O,F, 


2. The Severn Tminel Bailway. By J. Clarke Hawkshaw, M.Inst.O.B. 

This paper described the Severn Tunnel Bailway works, begun in 1873, and 
now approaching completion. The railway is being made to shorten the direct 
railway route between the South of England and South Wales. It passes under 
the Eiver Severn about half a mile below the present steam ferry, which connects 
the South Wales and Bristol and New Passage lines. The river, or estuary, is 
about 24 miles vide. The length of the line is 7^ miles, of which 44 miles is 
in the tunnel which passes under the Severn. The bed of the river is formed 
principally of Trias rucks (marls, sandstones, and conglomerates), in nearly hori¬ 
zontal strata. These overlie highly inclined coal measure shales and sandstones, 
which are also exposed in the river bed. The tunnel is made almost wholly in 
rocks of the Trias and Coal-measure formation, the exception being a little gravel 
passed through near the English end. 

The lowest part of the line is below the shoots, the deepest part of the river, where 
there is a depth of 60 feet of water at the time of low water, and 100 feet at the time 
of high water. Below the shoots the line is level for 13 chains, rising 1 in 100 to the 
English end, and 1 in 90 to the Welsh end. Below the shoots there is a thickness 
of 45 feet of rock (Pennant sandstone) o\er the brickwork of the tunnel. Under 
the Salmon Pool there is less cover, only 30 feet of Trias marl. Much water has 
been met with iliroughout the works, which have been flooded on seveial occasions. 
In 1879, the works under the Severn were drowned for some months by the 
eruption of a large land spring into one of the driftways under land on the Welsh 
side of the river. On another occasion, a cavity was formed from the driftway 
under the Salmon Pool to the bed of the river, when a hole, 10 feet by 10 feet, was 
found in the marl. The works were flooded by the water which found an entry 
through^ this hole. It was filled with clay, and the tunnel is now finished 
beneath it. 

The (quantity of water now being pumped is about 19,000 gallons per minute. 
Additional pumps have been erectM, as the large land spring, which has been 
penned back by a brick wall, still remains to be dealt with. When all the pumps 
are avmlable, the total power will be equal to 41,000 gallons a minute. 

The tunnel is for a double line of way, and will be lined throughout with 
vitrified bricks set in Portland cement mortar. 

It is being made by the Great Westeni Eailway (Company. Sir John Ilawk- 
fihaw is engineer in chief; Mr. C. Bichardson, engineer; and Mr. T. A, Walker, 
the a>ntractar. 



TRANSACTIONS OF SECTION G. 


885 


3. Oil Single-Track Bailicays. By W. K. Muir. 


4. On American Bermanent Way, 

By Joseph Wilson, A.M., M,Insf.G.B ,— See Keports, p. 593. 


6. On the Canadian Pacific Railway. By Yerxon Smith. 

The construction of the Canadian Pacific Eailwav "v^as the outcome of an agree¬ 
ment entered into by the Dominion of Canada with the province of British Columbia, 
under which on July 20, 1871, the latter became one of the confederated provinces 
of Canada. By this agreement the Dominion guaranteed the completion within 
ten years of a trans-continental railway from the Pacific to the Atlantic. No great 
progress was made, however, in the carrying out of the works until the incorpora¬ 
tion of the present Company on February 1,1881, when it was found necessary to 
further extend the time for its completion to 1891. When the Company took 
possession of the road in 1881, only 176 miles of the railway were in a position to hand 
over to them; but by the end of the year 599 miles were in complete working order, 
to which 783 miles were added in 1882, and 1,581 in 1883; making a total of 
2,963 miles of railway in operation, as the result of three years' work of the Com¬ 
pany, a record that so far has not been approached by any existing corporation. The 
important part of this system, and the section, the rapid construction of which made 
the whole possible, was the prairie portion between Winnipeg and Calgary at the 
foot of the Bocky Mountains, 677 miles of which were completed by Messrs. Lang- 
don & Shephard in a little over fifteen months, which included a winter, when 
nearly all the work was necessarily suspended for over four months. Most of the 
work was completed at the rate of about three miles per day during the year 1882, 
and a still greater average was reached in 1883, the maximum daily allowance being 
six miles. It is believed that this rapidity of construction is unparalleled, and the 
details of the arrangements by which it was effected possess, therefore, unusual 
interest. 

A comparison of the alignment and geographical and engineering features of the 
Canadian Pacific Bailway as compared with the American trans-continental lines 
is in every respect in favour of the former, and taking the ocean and railway speeds 
respectively at 15 knots and 30 miles per hour, the advantage in distance and time 
by the Canadian route over its rivals amounts, in a journey from England to Japan, 
to a saving of fully three days. The paper concludes by pointing out the fact that 
between England and her Pacific antipodes, at either end of the railway and in 
Austialia are immense deposits of coal in the most favourable position for the 
supply of the steam marine that must eventually work in connection vrith this line, 
and that both on the Atlantic and Pacific oceans these vessels may be coaled at the 
minimum of expense, whilst by the eastern passage from England there is no inter¬ 
mediate supply, excepting from depots furnished at great expense from the English or 
Australian mines. This Canadian line, therefore, ha^ the great advantage not only 
of being nearer and quicker than rival routes, but also of being able to offer cheap 
fuel to the ocean steamers working from either end over the two great oceans be¬ 
tween England and the Pacific dependencies of Great Britain., 


PMIjDA Y, a m UST 29. 

The following Fa^rs were read:— 

1. On the Theory of the Sieam^Mngme, 

By Professor Egbert H. Thurston. —See Eeports, p. 569. 
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2. StGCLm-JEJiigine practice in ilie United Stcites in 1884. Sy J. C. Hoadluy. 

The subject of this paper was not selected by the writer, who is well aware 
that it is too vaht for adequate treatment within admissible limits, but was assigned 
him by an eminent professor, whose eng^agements forbade him complying with a 
request which he had received to prepare a paper on this subject. 

It seemed to the writer that the most feasible mode of condensation would be 
found in a succinct account of a few conspicuous examples of the leading types of 
each class of steam-engines actually in use, both as to construction and perform¬ 
ance. The pumping-engine of the Lowell water-works gave, in July 1873, a duty 
of 93,002,272 foot-pounds per 100 pounds of coal burned, the contract duty, based 
on previous experience, being 75,000,000. The mean duty in practice during ten 
years has been more than 08,000,000. 

The Lynn pumping-engine gave, in December 1873, a duty of 103,923,215 foot¬ 
pounds per 100 poun<& of coal, and for six years, 1877-82, has given, iii actual use, 
a duty of 115,888,990 foot-pounds per 100 pounds of coal binned while pumping. 
The Lawrence pumping-engine gave, in May 187C, a duty of 98,261,700 foot¬ 
pounds ; in July 1879,111,548,925; and during five years, 1879-1883,102,120,127 
foot-pounds, the latter being calculated on all the coal burned except for warming 
the engine-house when the engine was not running. The pumping-engine at Paw¬ 
tucket, 11.1., gave in August 1878 a duty during the working days oi two w’-eeks, 
based on all the coal burned, of 104,357,654 foot-pounds per 100 pounds of coal 
and 133,522,060 foot-pounds during 24 hours’ continuous run, based on all the coal 
burned during the test. This is a compound receiver engine, cylinders 15 and 30 
inches diameter and 30 inches stroke, 52 revolutions per minuute. 

The Pettaconset Station pumping-engine, Providence, gave in May 1882 a 
duty of 113,271,000 foot-pounds, and during the year 1883, with inferior coal, 
106,048,000. With coal equal to that used at the test, the duty during the year 
would have exceeded 114,000,000. 

A Corliss engine at the Hourse Mill, Woonsocket, P.I., of 500 horse-power, 
running at 400 i.h.p., is warranted to run through the year with not exceeding 1*75 
pounds of coal per i.h.p. per hour, and is coming within the guaranty. It uses 
only 11*5 pounds of visible steam per ih.p. and per hour, and not more than 16*5 
pounds in all, including that leturned from the steam-jackets. 

Engines of the leading manufacturers are passed in rapid review: The Corliss 
Steam Engine Company, the Putnam Machine Company, Charles H. Brown & Co., 
Fitchbung Steam Engine Company, Wm, A. Harris, E. P. Allis & Co., Jerome 
Wlieelock, Buekey Steam Engine Company, and the Hartford Engineering Com¬ 
pany, the *Vtlas Engine Company, the Southwark Foundry- and Machine Com¬ 
pany (makers of the Porter-AIlen engine), Geo, T. McLauthlin & Co. (makers of 
the Hoadley engine), the Cummer Engine Company, A. L. Ide, B. F. Sturtevant, 
the Bali Engine Company, the Lambertville En^ne Company-, the Providence 
Steam Engine Company (makers of Koble T. Greens engine). 

Steam pumps are only mentioned in passing, as are also steamboat engines on 
western livers, portable and semi-portable engines, threshing-engines, traction- 
engines, an<l plougbing-engines, and marine engines. Ileri'eshoff's launch and 
torpedo-boat engine is briefly noticed. Curious engines are merely alluded to. 

The Ameiican locomotive receives moie full notice. Gradually developed 
from the germ duiing fitty- years, this grand machine had assumed a few ^stiiict 
tvpes which seemed weil-nigli incapable of radical improv ement, save in tbe area 
of fire-grate, w^hich, always too small, had become relatively more inadequate by 
reason of the rapidly inci’casing size and w-eight of engines, while there seemed to 
be no room for enlarging the fire-grate. The Wootten engine, by placing the grate 
above the drivers, has removed that difficulty, apparently with good results, so far 
as ^e limited number of engines in use—only a few himdred—and the brief ex- 
|)6ri^ce with the first of them, only seven or eight years, afibrd the means of 
judging. This appears to be one of America’s most important contributions to the 
loiocmotive of the luture. 

An express passenger locomotive, No, 109, on the Central Ilailroad of New 
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J exsey, makes regularly the rim between Jersey Ciiw and Bound Brook, tbirty-two 
miles, in tbirty-seven minutes, at the rate of 52*16 miles per hour, and has made it in 
33 minutes, 58*2 miles ]^er hour; and has run three miles of the route in 2 minutes 
24'5 seconds—^74*74 miles per hour. She has run a single mile in 45 seconds—80 
miles per hour, A test of a locomotive by John W. Hill is given in a manner 
which hardly admits of condensation. The train resistance, on a level, appears 

to be about 6*7 pounds per ton J • Feed-water evaporated per indicated 

horse-power, per hour, 32*28, 33*40, and 31*96 pounds—mean, 32*55—^which, with 
the reasonable evaporative duty of nine pounds of water per poimd of coal, should 
have been done with 3*62 pounds of coal per i.h.p. per hour. In fact, the coal 
was 4*24, 7*03, and 5*36 poimds—mean, 5*54 poimds—per i.h.p. per hour, and the 
evaporation during the middle run fell as low as 4*51 pounds of water per pound 
of coal. This shows clearly the deficient fire-grate area already noticed. The 
water ^iven above includes all that was blown off at tbe safety-valve, and used at 
the whistle and gauge-cocks, and in experiments with a calorimeter. Allowing 
for this, the consumption of water was 30*26 pounds per i.h.p. per hour. The fire¬ 
grate-area was but 15*09 square feet, and the rate of combustion was at times as 
high as 172 pounds per hour on each square foot of grate-area. 'SYith a grate 
four-and-a-half times* as large, such as might be obtained in a Wootten 
engine, this rate would be reduced to 38*2 pounds, and might be still further 
reduced, by increased economy, to as little as 20 poimds per square foot and per 
hour. 

Some points of locomotive practice are then given. Locomotive No. 137, on 
the Boston and Albany Bailroad, ran 486 days out of 438 (with the loss of only 
two days by some slight accident), 198*11 miles per day of actual service, 87,190 
miles in all, at the rate of 72,192 miles per annum, and was then repaired, 
including painting and varnishing, in four days, and resumed her regular 
service. 

The locomotive ^ Pacific,’ built by tbe shop of which the writer was superin¬ 
tendent, was placed in service on the Boston and Maine Eaiboad, March 16,1855, 
and ran regularly in passenger service to the close of 1883, 28 years 9k months, 
and has since run 60 miles per day on gravel trains, making an aggre^te mileage 
of 904,255 miles—an average, for 29f years, of 30,650 miles per annum. More 
than one-half of the material originally put into her is in her still, and she is in 
good working order. 

Three engines on the Hudson Eiver Division of the New York Central and 
Hudson Eiver Eailroad, have made a record of which the following table contains 
the mean results. Mean weight of trains, 294 tons:— 


Mean op Ale. 

Peefoemance : No. 10, No. 33, & No. 34. 

Mean mileage in 6 years. 

498,489 

Number of days in service 

1,777 

Number of days idle 

399.67 

Mean number of months 

TO 

in service 


Mean number of miles per 

277.63 

day 


Mean number of miles per 

7,049 

month 


Mean number of miles per 

82,248.11 

annum 


Mean number of gallons 

3,607 

of oil used 


Mean number of miles per 
gallon 

Mean total cost of oil . 

134.81 

il,491.67 

Mean total cost of waste. 

286.67 


Meak Cost op Eepaies. 
Laboue: No. 10, No. 33^ and No. 34. 


i Items 

On Engine 

On Tender 

1 

$ 

$ 

' MacMnist , 

3,614.41 

76,92 

' Blacksmith , 

4S3.S5 

86.47 

1 Boiler-maker 

1,260.57 

70.86 

1 Coppersmith 

65.98 

— 

1 Hnsmith ' . 

37.45 


, Carpenter . 

188,95 

69.71 

Painter * . 

321.35 

64.22 


5,972.26 

398.18 


t 
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Meak Cost of Materials. 
No. 10, No. 33, and No. 34. 


Items 

Engine 

Items 

Tender 

Machinery . . , 

S 

1,369.60 

Iron .... 

ioa.44 

Drivers .... 

33.00 

Trucks .... 

733.18 

Tire. 

230.67 

Lumber . '. 

34.80 

Trucks .... 

515.30 

Paints .... 

58.33 

Boiler and flues 

Lumber .... 
Paints .... 

1,182.44 

60.30 

135.88 

; 


Materials 

3,527.19 

Materials 

928.75 

Labour brought down 

6,972.26 

Labour, brought down . 

398.18 

Total, engine 

9,499.45 

Total, tender 

1,326.93 

Eepairs of engine, brought down 

. 

9,499.45 

j Mean total repairs, engine and tender, in six years . 

10,826.38 

1,084.39 

Mean cost of repairs, per annum 

. 


Mean Cost per Train-Mile of Labour and Materials on Engine and Tender 
ON No, 10, No. 33, AND No, 34, during Six Years, in Cent s and Fractions 
of a Cent. 



No. 10 

Ko.33 

No, 34 

Mean 

Machinists ..... 

.70 

.72 

.84 

.75 

Blacksmiths. 

.11 

.13 

.12 

.12 

Boiler-maker. 

.28 

.26 

.30 

.28 

Copper and tinsmith 

.02 

.02 

.02 

.02 

Carpenter . . . . • . 

.05 

.05 

.06 

.05 

Painter ...... 

.08 

.08 

.09 

.08 

Total, labour .... 

1.24 

1.25 

1.43 

1.30 

Materials. 

.84 ^ 

.93 

.95 

.90 

Total, repairs .... 

2.08 

2.18 

■ 2.38 

2.20 

Oil. 

.28 

.30 

.32 

.30 

Waste. 

.06 

.05 

.06 

.06 

Total, cents . , . . j 

2.42 

2.53 

2.76 

2.56 


These engines were new at the beginning of the period covered by the record 
here reproduced, and the cost of repairs must increase with increasing age. The 
examples presented are, it is admitted, selected examples, and must be above the 
mean, tahing age into consideration if nothing more; but so much has been done, 
and, accident and misfortune apart, can be done generally with engines of like age. 

With compound locomotives little has been done in this coimtiy. A few have 
^n constructed, hut without any very marked success, so far as the writer has 
been able to learn. It is certainly very desirable to reduce the consumption of fuel in 
pur locomotives j but if compounding involves of necessity the use of a cranked- 
as in soma examples, it can never be adopted in America, since the well- 
evils of that feature must far outweigh all possible gain from compound! 
palates# The locomotive engine is, without doubt, the most important application 
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of tlie non-coD<3ensinfy engine of Oliver Evans and the multi-tu'biilar iDoiler of 
Natlian Eead, and its development demonstrates that it has not "been neglected in 
the land of its nativity. 

With a few words about prices now current, this paper is brought to a close. 
The weight of our ordinary American locomotive, with cylinder 17 inches dia¬ 
meter, and 2-4 inches stroke, four diiving-wheels connected, 5 feet diameter, is 
about as follows:— 


Loaded : 2 Gauges of 
Water 

_. 

1 

j Light 

Tons 

22 991 
12.589 

Pounds 

51,500 

28,200 

On drivers. 

On truck. 

Poiuids 

40,000 

24,000 

Tons 

20.536 

10.714 

85.580 

25.446 

79,700 

57,003 

Total, engine. 

Tender, 3,000 gallons capacity 

70,000 

24,000 

31.250 

10.714 

61.026 1 

i 

136,700 

Engine and tender.... 

94,000 

41.964 


Price, with steel boiler, head-light included, ,^6,500, or say 1,313/.; per ton, 
^lo4,S9, equal to 32/,; per pound, 6,91 cents, equal to 3.43 pence. 

Engines of various sizes and styles may be bought about at prices subjoined, 
wMeh, it must be said, are about the actual"cost. 


j Cylinders 

Styles 

Prices 

Diameter 

Length of 
Stroke 

Dollars 

Pounds 

Sterling 

16 

24 

4-wheeled switching 

5,500 

1,136 

! 15 

24 

8-wheeled. 

5,500 

1,136 

16 

24 

8-wheeled. 

6,000 

1,240 

i 17 

24 

8-wheeled . . . • ■ 

6,500 

1,343 

1 18 

24 

‘ Mogul,’freight . . . . 

7.300 

1,508 

i 20 

i 

24 

Consolidation, freight . 

9,000 

1,860 


The' Mogul ’ engine has six driving-wheels connected, with a single pair of pilot- 
wheels, swinging-bolster, and radius bar. The * Consolidation ’ engine has eight 
driving-wheels connected, with a single pair of pilot-wheels, swinging-bolster, and 
radius bar. In both, a part of the weight otherwise carried by tbe pilot-wheels 
is transferred to the driving-wheels hy equalising levers. 

The prices above given are certainly too low, as they aSbrd no satisfactory 
profit to tbe manufacturer. 

3. Fmiping MacMnerg, By E. D. Leavitt, Jun. 

Tbe appliances known and used by the ancients for raising water, while 
possessing great historical interest, cannot for want of space he considered at this 
time. 

It was not until the seventeenth century, when the Marquis of Worcester 
brought out his fire-engine, to be followed by the inventions of Sayeiy, Newcomen, 
Papin, and many others, that pumping machinery assumed a decided importance. 
Its greatest development has occurred during tne present century, and must be 
credited to the improvement in the steam-engine made by James Watts. 
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The present paper -will he mainly devoted to American practice in pumping 
machineiy, it being assumed that the best work of the leading engineers of Great 
Britain and the Continent (in this special department of mechanical construction) 
has been previousl}r described in papers read before the Association. 

Among the earliest examples of pumping machinery used in the United States 
were the water-works engines at Philadelphia, which were put in operation be¬ 
tween the years 1801 and 1803. 

Progress in water-works pumping machinery since the Paiimount works were 
commenced has been rapid, 

Among the cities whose pumping machinery is worthy of mention here, either 
from pecuHarities of construction oi‘'its great capacity, may be mentioned Montreal 
and Toronto, Canada; Boston, Lowell, Lynn, and Lawrence in Massachusetts; 
Providence and Pawtucket in Rhode Island; Brooklyn, Buffalo, and Saratoga, 
New York; Jersey City, New Jersey, Philadelphia, and Pittsburgh, Pennsylvania; 
Gincinnatti and Cleveland, Ohio; Louisville,Ky.; St. Louis,Mo.; Chicago, 111.; and 
Detroit, Mich. 

In the cities above named there ■vdll probably be found as great a ^ ariety of 
good, bad, and indifferent pumping machinery as has ever been^ collected in an 
equal number of places anywhere in the world. A brief description of the most 
prominent types and peculiarities was then given; ^ the author dwelling more 
especially on mine pumping machinery, and direct-acting steam pumps. 


4. The AntJmdte Burning Locomotiue of America, By S, D. Barnett. 


5. On English Locomotioe Engineering. 

By A. McDoNNEXtL and J. A. Asfinall. 

The paper included carefully tabulated statistics of the construction, cost, and 
performance of the standard types of locomotives running upon the principal 
English railways. 

A special feature in these statistics was the tabulating of the average life in 
miles of those parts which most frequently require renewal. 

The paper was illustrated by outline drawmgs, giving dimensions of the stand¬ 
ard engines of the various railways. 


6. Oil the Construction of Locomotive Engines for the London^ BtigMon, and 
South Goasf Bailway. By W. Strotjjjley. 

7. On Valve Gear. By David Jot. 

This valve motion was introduced to the public by the author in IS^O, in a 
paper read before the Institute of Alechanical Engineers at their annual summer 
meeting in Barrow, and at that time was a di'stinet ^Pparture in a new direction, 
to provide a movement for the valves of steam-engines by the direct movement of 
the connecting-rod, abandoning the use of excentrics and the time-honoured Lenle 
motion. 

It was first taken up by the London andNorth-'W''esteru Railway Oompany, and 
tested by them on an engine built expressly for the purpose, and designed by Mr. 
"W^ebb, their locomotive engineer-in-chief, for their fast and heavy goods traific, 
and this engine has been running ever since. 

^ The essential feature of the gear is that the movement of the valves is accom¬ 
plished by the combination of two motions at right angles to each other—^that is, 
by employing the direct reciprocating motion of the piston, as imparted to the con¬ 
necting-rod, with the vibrating movement of the same rod. Thus a movement is 
to the valve which is susceptible of forward and backward motion for the 
engine, and for any intermediate degree of expansion. This motion being also 
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almost matbeiaatically correct and givmg equal leads, ports, and points, if cut ofF 
for both, ends of the cylinder, at the same time that it gives a much more rapid 
action at the moments of admission, cut off, and release than is usual -with the 
back gear; -while the machinery for attaining this result is less costly and less 
complicated than hy any of the ordinary methods. This consists of a lever attached 
at its longer end, thi*ough a parallel motion, to the connecting-rod about midway, 
the fulcrum of that lever sliding in the direction of the vibration of the connecting- 
rod, in a curved path, which can he angled to either side of its centre line. Prom 
the outer and shorter end of this lever a rod is taken direct to the valve-spindle. 
That part of the movement of the valve due to ^ lop ’ and' lead ’ is effected by the 
action of this lever as a lever, and the movement required for port opening is 
imparted hy the sliding of the fulcrum of the lever in the curved path; and accord¬ 
ing to the angle given to this path, forward or backward motion, or any degree 
of expansion, is given. 

Since its introduction in 1880 this gear has been applied and tested on almost 
every kind of steam-engine. For locomotives, especially for express work, it has 
done good service, many of such engines having already run heavy mileages, while 
doing very Mgh speeds, and with lighter repabs than the ordinary types of engines. 

Also for marine engines, from the smallest launch engine running 600 to 700 
revolutions per minute, up to the ponderous engines of war-ships running up to 100 
revolutions, and indicating upwards of 5,000 horse-power, it has been applied with 
success. It is also being built for even larger azes, where the aggregate indicated 
horse-power in each ship -will be 10,000 horse-power. 

The distribution and treatment of the steam in the cylinder, as shown by the 
indicator cards from such engines, is all that could he expected from the peculiar 
action imparted to the valves; and the continued endurance and freedom from 
repairs promise a continued adoption of this new sysiem. 


8. On Seating Buildings hy Steam from a. Central Souree. 
By J. H. Baetlett. 


SATVRDAT, AVGUST 30. 
TJw Section did not meet 


MOJSRAT, SEPTJGMBRM 1. 

The following Papers were read:— 

1. On the lAglithouse System of Canada, By WiLLmt Smith, 

In Canada, no light dues are exacted from shipping, and the cost of maintaining 
the lighthouses is a direct chaige on the general revenue of the Dominion, and is 
provided for annually by a vote of Parliament. 

During tbe fiscal year ended June SO, 1884, the total cost of maintaining the 
549 light-stations in Canada, with the fog-signals, buoys, and beacons, and four 
steamers required to attend on the light service, was 1^541,291. 

The system of free lights was adopted by the public men of Canada with the 
view of reducing the charges on shipping tramng to the St. La-wrence, and thereby 
cheapen freight by this route. By adopting this policy, the shipping and forward¬ 
ing interests of Canada have secured a fair share of the carrying trade of the West, 
a large portion of which, however, finds its way by New York and other United 
States routes. 
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In the United States no light dues are collected from shipping, but the war tax 
of 30 cents a ton, payable once a year, on foreign Tessels still continues, and last 
year the amount collected on accoimt of this impost was >^1,320,590. 

The lighthouse and fog-whistle at Gape Race are maintained hy the British 
Government, and light dues are exacted from passing vessels, for the maintenance 
of this station; Canada also contributes a share of the cost of its maintenance. 

Canada has huHt, and now maintains, four important light stations, two of 
them with steam fog-alarms, on the coasts of Newfoundland, which are free to the 
shipping of all nations. 

Sable Island, in the Atlantic Ocean, is the principal light-station maintained hy 
Canada. It is a hank of white sand twenty-two miles long, and has a light- 
station at each end, one a powerful fixed white dioptric light, and the other a 
powerful revolving white light. One or two wrecks generally occur on the shores 
or hanks of this island nearly every year. A life-saving station is also maintained 
here, the staif of which along with the hght-keepers numbers twenty persons. The 
British Government contribute annually the sum of four hundred pounds sterling 
towards the maintenance of the Hfe-saving station, but nothing for the lights. 

The lighthouse service of Canada is managed hy the Minister of Marine, who 
is a political officer and a member of the Cabinet, assisted by the Deputy Minister 
of Marine, who is a permanent officer, and does not change with the Government. 
Under these two chief officers is an engineer and a staff of permanent officers and 
clerks, as also an agent in each of the provinces to attend to the local business. 

The necessary funds for the construction of new lights and the maintenance of 
those already established are voted annually by Parliament on the recommendation 
of the Minister of Marine. 

Since 1867, when the Marine Department was formed, up to December 31 last, 
351 new light-stations have been established and thirty-two steam fog-whistles or 
fc^ alarms, the cost of which was j^l,095,620, or an average of ^^2,860 for each. 
Au these new lighthouses were built of wood, although many of the lighthouses 
built previously to 1867 were built of stone or brick, and cost from ;?f30,000 up 
to ;8i00,000. 

The extent of the Canadian sea-coast to he lighted up and buoyed is 3,200 
miles, and inland coast 2,630 miles, making altogether 5,800 miles. 

To light up this coast we have 308 sea-coast light-stations, 17 light-ships, and 
224 inland light-stations. New lighthouses are built by contract, after tenders 
have been invited publicly, and the lowest tenders have always been accepted. 

New ligbt-stations are generally established on the recommendation of practical 
nautical men, of boards of trade, of steamship owners, and of members of Parlia¬ 
ment. The practical officers of the Department are also consulted as to the 
necessity of any proposed new lighthouse. The steam fog-whistle in use is com¬ 
posed of a multituhidar boiler, with a small engine attached for opening the A^alve 
and regulating the blasts of steam, at stated intervals, as desired. The whistle is 
usually 10 inches diameter, and 1 foot 6 inches high, and the cost of the machine 
without the building is about j8^2,000. The fog-horn in use is the champion 
automatic fog-horn, w’-hich requires very little fuel and water, and costs about 
#2,000 exclusive of buildings. The sound is produced by compressed air passing 
through the horn instead of steam. 

This machine has been found to be the most economical and useful. 

The Oom'tenay automatic ■w^histling buoy, of which we have eight, has been 
found to be most useful at places where there is usually a rolling sea, such as the 
Atlantic coast. The sound produced is from compressed air, and is very like the 
sound of the champion fog-horn. The cost of a 10-feet buoy is #1,575 without 
the moorings. 

Two large-sized gas-buoys have been ordered for service in the lower St. Law¬ 
rence. They will keep lighted day and night for ninety days. Their cost is 
#3,760 each in addition to the works to make the gas and the moorings. 

the illuminating apparatus in use in Canada is catoptric and dioptric, the 
former having been made either in Birmingham or Paris, and the latter in Montreal. 
"We have 483 lights on the catoptric principle and 66 dioptric lights. 
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The iliiimmaat used is petroleum, of Canadian production and manufacture, is 
double distilled, standard white, extra refined, free from acid or other impurities, 
weighs, at (3:2° Fahr., not less than 7*8o lbs. nor more than 8*02 lbs. per gallon, and 
withstands a flash test of 115° Fahr. by the new standard pyrometer. The quantity 
used per annum is about 100,000 gallons, and the x^rice is 120 cents per gallon. 

The number of light-stations in Canada with fixed lights is 467, and with 
revolving lights 83, making altogether 549 on December 31,1SS3. 

The number of persons employed by the Government to attend to these lights 
is 656, and the salaries paid to them range from S80 to ^1,500 per annum. The 
salaries allowed keepers of sea-coast lights range from j§300 to j^500, and there are 
many applicants for these situations. Keepers of lights are usually appointed on 
the recommendation of the member of the House of Commons representing the 
district in which the lighthouse is situated, if he is a supporter of the Government. 

The expansion of the lighthouse system of Canada during the last seventeen 
years has been very great. In 1867, when the four provinces were confederated, 
there were 198 lighthouse stations in the Dominion, and two fog-whistles, and at 
the close of this season there will be 569 light-stations, 36 fog-alarms, and 10 
automatic whistling buoys. 

Nearly all the principal lights in the river and Gulf of St. Lawrence have been 
connected with Quebec and other cities by telegraph, and in the event of a wreck 
taking place or any other accident, it is immediately made known to the Govern¬ 
ment and to the boards of trade at Montreal and Quebec. The cost of our 
telegraph and signal service has been large, but it is a most useful expenditure. 

As compared with the United Kingdom, our coast to he lighted is larger, and 
our lights more numerous although not of so high a class or so expensive. The 
number of lights managed by the three lighthouse authorities of the United Kingdom, 
viz., the Trinity House of London, the Commissioners of Northern Lighthouses, 
and the Commissioners of Irish Lights, is 288, some of these being probably the 
finest in the world. In addition to these there are about 140 lights, managed by 
harbour or dock autboiities, making altogether about 428. The cost of maintaining 
the 388 lighthouses managed by the three bodies referred to, including the main¬ 
tenance of the sailing and steam vessels to attend on them, was 303,830Z. for the 
year ended March 31,1883, 

The amount of light dues collected in the United Kingdom during the year 
1883-4 was 476/. 11s. 6d. sterling. In Norway there are 132 lights, maintained 
by the Government, which cost 57,000 last year. 


2. Improvements in Coast Signals; tvitJi supplementarg Remarlcs on the 
neiv Bddijsione Lighthouse, Bg Sir James N. Douglass, M,Inst,G*B, 
—See Eeports, p. 384. 


3. The Watt and Horse-Bower. By W. H. Pbeece, F.E.S. 


4. Secondary Batteries, By W, H. PfiUECE, F.E.S- 


5. Domestic Mectrio Lighting- By W-13L Peeece, F,B.S. 


6. The Fortrusli Mectrlc Eailway, By Dr. A. Teaill. 


7. Mectrio Tramways, By Holbote Smith. 


8. A Neio Volt-Meter, By Captain CiEEEW. 
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TrrSDAY, SJEPTEMBBB 2, 


The following Reports and Papers were read.— 

1. Beport of the Patent Law Committee .—See Reports, p. 203. 

2. Be^ort of the Screw Gauge Committee .—See Reports, p. 287. 


3. lieport of the Sea Coast Brosion Committee ,—See Reports, p. 238. 


4. Some Points in JOynamo^Blectric Machines. 
Bij Professor S. P. Thompson, L.Sc, 


5. On the Heating of Conductors bif Electric Currents. 
By Professor G. Foebes. 


6. Automatic SjprinMers for Eire Extinction. By 0. J. H. Woodbhey. 

This paper gave the results of an examination of the various automatic sprinklers 
which are operated by the melting of an easily fusible solder. These sprinklers are 
in general use in the eastern portion of the United States, for protecting those por¬ 
tions of textile mills and other industrial establishments where the nature of the 
product or the processes used introduce extreme hazard of fire. The investigation 
was undertaken at the instance of the Factoiy Mutual Insurance Companies of 
New England, and was directed to an examination of the numerous varieties of 
automatic sprinklers, in respect to their efficiency for purposes of mill protection, 
including their methods of distribution and consumption of water under various 
heads, liability to accident, and deterioration to their sensitiveness, and to aU 
matters pertaining to their practical operation. 

The conclusions based upon these tests are:— 

1. That the fusible solder which permits the operation of the sprinklers at about 
170® Fahrenheit retains its low melting point, no change occuning in sprinklers ten 
years old. 

2. They should be protected against corrosion whenever it might interfere with 
its prompt action. A heavy mineral oil is suggested for the purpose. 

3. The distribution of water upon ceiling and floor was measured upon each 
square foot of floor, and found to be satisfactory. 

4. The concentration of water at the beginning of a fire exceeds tliat of any 
other form of inside apparatus. 

5. The minimum static head upon the sprinklers should not be less than ten 
feet. 

6 . The practical value of automatic sprinkler systems is shown by a list of 131 
fires which were extinguished by automatics', either alone or in co-operation with 
other fire apparatus, 

7. Valves should be kept open and secured by a strap. It is important that a 
constant head of water, ready for immediate use, rests upon the sprinHers. 

The sensitiveness of automatic sprinklers was measured by exposing them, while 
under water-pressure, to a uniform jet of steam, and the sprinklers opened in from 
15 to 85 seconds, according to their construction and the fusibility of the solder. 

Resistance to internal pressure was measured with a pump constructed for 
producing the heavy pressures used in gi*aduating the dials of hydraulic gauges. 

Those sprinklers designed with reference to elasticity became tight after the 
bursiang pressurehad been reduced to a point in equilibrium with the flexure of the 
yielding portim of the spunkier. 
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The temperatines at wMeh a number of specimens of these solders became soft, 
and afterwards fluid, were measured. In comparison with results of melting the 
sprinMers^ in hot water, it was found that an automatic sprinkler opens below the 
true melting point of the solder, and at the temperature at which this alloy be¬ 
comes Tiscous, or, in some instances, granular. 

The measurements of the discharge of the sprinklers showed that the discharge 
conformed to the formula:— 
in which— Q = 5*075aQ v'P, 

Q « Cubic feet of water per minute. 

A. = Area of orifice in square inches. 

Q = Coefficient of effiux, determined by these experiments. 

P~ Water pressure in pounds per square inch. 

The eftective head at the sprinkler was found by correcting tne measured 
dynamic head at the gauge by the formula deduced for this purpose, in which the 
loss of head— 

cr 

Automatic sprinklers under a head of seven feet will deliver as much water 
upon each square foot of floor as the system of perforated sprinkler pipes under a 
head of forty feet. 

There seems to be no method of providing against freeziag during the winter 
season, in cold buildings equipped with the pendent form of sprinklers. 

With the upright form of sprinklers, it is easy to draw offi the water at the 
point service gate. There seems to be no record of any solution with a lower freezing 
than any natural temperature, which is also non-corrosive and incombustible. 

Experience shows that sheet lead is the only material suited for valve seats of 
sensitive sprinklers. 

Both the results of experience, and the facts proven by this investigation, show 
that the efficiency of automatic sprinklers is not liable to become impaired by 
time. 


7, 0% the Friction of Journals. By Professor OsconxE Betnolds, FM.S^ 


8. Grain Flevators. By V. C. Yan 


9. On the Flow of Water through Turhines and Screvj Bropellers^ 
By Arthur Bigg. 


10. On the Yeniilaiion of Ocean Steamishijys. 

By A. Lapthokx Smith, MJ>. 

Provided a passenger can remain on deck, the s 3 rmptoms of sea-sickness gene¬ 
rally pass offi after a day or two, although the motion of the ship continues the 
same, or even increases. Therefore the sea is not alone to blame for the malady. 
Even a perfectly well person is apt to he attacked with nausea and vomiting, after 
remaining for a few hours in the steerage of a ship just arriving from sea, although 
the ship is quite motionless. A passenger steamer is the most difficult of all 
dwellings to ventilate by natural means, on account of its construction. On the 
other hand, prisons, asylums, and public buildings, although much better adapted 
to natural ventilation than ships, have been proved, by experiments, to he incapable 
of ventilation, except by artificial means. Moreover, the space at the disposal of 
ocean travellers is exceedingly limited, only 72 cubic feet bemg allowed per adult. 
In order to provide the smallest quantity of air consistent with health, the atmo¬ 
sphere would have to be changed 43 times per hour, which is manifestly impossible 
by natural means. A ship carrying 1,2CK> passengers requires 3,600,000 cubic feet 
of air per hour delivered between decks, apart from the requirements of th^ 
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furnaces. This amount can only be obtained by means of a steam fan. The same 
fan blower would save itb cost in a season or two, by being utilised for trmmimj 
the caigo of wheat, a hose pipe being attached, and the current of air being 
directed against the wheat, as it fell from the elevator spout. This would also cool 
the wheat, a great advantage. 

In winter the fret>h air could be warmed before being supplied to thepassenaers, 
by passing over the boilers or through the condensers; and in summer, in hot lati¬ 
tudes, ifc could be cooled with ice, or by compression and expansion, as in refrige¬ 
rators. 

To avoid draughts, the air should he distributed by small perforators from a 
large surface of pipe, which should be introduced into every living apartment of the 
ship while it was being built. 


W^LXJESBAY, SEPTE^TBER 3. 

The following Papers vere read:— 

1. The Extedt to iclikh a Geological Formatio/i is availahle as a Gathering* 
ground for Water Supply, By W. Whitakek, P.J.., F.Q.S, 

The author exhibited a set of maps which he had specially made to show 

(1) those areas in which rain-water has free, or almost free, access to the Chalk, that 
rock being either bare, or covered only by deposits of a permeable kind; and 

(2) those areas over which the infiltration of water to the Chalk is hindered either 
]partially by a protecting mass of beds of a mixed or of a changeable kmd (in the 
former case letting water through to a limited extent, and in the latter allowing 
it to sink down at one place and not at another), or wholly, hy a protecting mass 
of impermeable beds that absolutely stops infiltration, though sometimes streams 
flowing over such impermeable beds reach the Chalk, and contribute to its water. 
It is only those parts of the London Basin for which the Geological Survey has 
published Drift-maps that can be included in the above scheme, but it is hoped to 
extend this practical application of geological knowledge as other Drift-maps are 
issued. Like maps can of course be made for other water-hearing formations 
where the different divisions of the Drift have been surveyed, and until such maps 
are made we may have only an approximate idea of the areas of the various water¬ 
bearing beds that are available as gathering-grounds. 


2. On Flood Regulators, By J. Dillon, 


3. On Agricidtiiral Implements. By D. Pidgeon. 


4 On the Destruction of Town Refuse. By John Brown, ill.D., B.Sc. 

The used-up mateiial of town li% may be classified as sewage and solid 
material, including night soil, midden and ashpit refuse, street sweepings and 
gully sludge, market sweepings, garbage and offal. 

On the shores of seas, lakes, estuaries, and very large rivers, the sewage may 
be disposed of hy bemg discharged into these; greatly diluted, it is slowly oxidisei 
into a harmless state. 

When possible its great nutritive properties maybe utilised on sewage farms 
or irrigated meadows. Where this cannot be done, the excellent sewage report of 
this Association shows that the process of intermittent downward filtration is 
probably the most efficient for the destruction of its hurtful ingredients. 

In file case of large towns it is very soon found that the removal of solid used- 
up materials gives rise to nuisance and entails enormous e:S:pense. 



TRANSACTIONS OF SECTION O. 


897 


The effectual means of dealing with this refuse is to hurn it completely, 
regularly, and speedily. The towns of Derby, Leeds, Bolton, Biackbui-n, Batley, 
Leicester, Bradford, Hull, Birkenhead, London, have already adopted this method 
of dealing with it. In Burnley, Lancashme, the * Bee Hive ’ improved refuse 
destructor, designed by !Mr. Stafford, borough engineer, and constructed by 
Messrs. Thomas Birtwistle & Co., has been in operation for eight months, and has 
given every satisfaction. 

It costs little, about 7oL serving for the erection of one which may be 
attached to any tall factory chimney without in any way interfering with its 
action. It is small in sbe, extending below the level of the surface of the ground 
about four feet, and rising above it as a hemisphere 7 feet in diameter. It will 
destroy 15 cwt. or 52 cubic feet of rubbish per hour, with a very small consumption 
of coal, and without the production of any nuisance whatever. 

One of these destructors in continuous use will destroy all the solid used 
material of a population of 20,000, and they can thus be scattered all over the 
area of a large town. Thus the annoyance of collection and storage is reduced to 
a minimum, as is also the very important item of cartage. 

In cheapness, simplicity, smalmess, convenience, and efficacy, it cannot be sur¬ 
passed, and in the four months during which it has been before the public, orders 
for its erection have already been received from the towns of Batley, Bradford, 
Leicester, Birkenhead, and Richmond. 


5. On the Prevention of Accidents at Sea. By Admiral J. E. CommerelIi. 
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Section H.— ANTHROPOLOar. 

Peestdent op the Section —^E. B. Ttloe. B.C.L., LL.D., F.P.S. 
[For Dr. Tylor’s Addies*:-, bee next page.] 


TirmSDAT, AJ7air3T2S. 

Tlie following Papers were read:— 

1. The Range of the Rshimo In Sjpace and Time, 

By Professor W. Boyd Dawkins, F,B,8. 

The Esldmos occupy tlie coldest parts of the earth in America and Asia, and 
their civilisation is of a rude and primitive type. To the south of the Esldmos in 
America is a debatable land, belon^ng neither to them nor to the Red Indian, 
between which races a feud exists. In Ada the Esldmos are on better terms with 
their neighbours. It has been asserted that the Esldmos are related to the Red 
Indian on the ground of their language being agglutinative, but this is hardly 
sufScient proof. There are very conflicting opinions as to when they first appeared 
in America. Mr. Markham considers they were driven from Asia shortly before 
1349 by the pressure of Tartar tribes. On the other hand, Dr. Rink considers 
them the last wave of migration by which the American continent was originally 
peopled. It is probable that in ancient times they ranged much further south, and 
have only lately been diiven further north. Furthermore, if we trust to the 
accounts of the Scandinavians who lisiled America in the eleventh century, they 
must have had a much lower range, and this is supported by other facts. Thus 
the Eskimos are a retreating race, the lemnant of the ancient possessors of a very 
wide area, who would have been exterminated but for the inclemency of tho north, 
which has kept back the Red Indian. The Eskimo word ‘ Kavak,^ a ‘ skiu-coverefl 
canoe,’ meaning probably a ^ birch-covered canoe,’ is, according to Dr. Isaac Taylor, 
denved from a primitive wf>rd common to the Yakut and Scljuk races in Asia. 
This agrees very well with the previous results as to the primitive range of the 
race. As to their rai^e in time, Professor Dawkins connected them with the 
primitive cave-men, using needles and gloves, three and four, but never five Angered, 
and implements of stone and bone. They were a race of hunters and fishei'men, 
and were fond of engraving reindeer and now extinct animals upon hones. Wliile 
hunters, they were hunters of a high type. They were lilce the Eskimos in their 
disregard of the rites of burial. Thus, of the cave-men no perfect skeletons are 
left, probably owing to the prevalence of beasts of prey, and more especially of 
hysenas. The least that can be smd of the cave-men of Europe is, that they were 
exactly in the same stage of civilisation as the Eskimos. They used the same 
implements and^ lived the same l^e. In the absence of any proof of any two races 
of diverse origin presenting this identity of implements, weapons, and art, it is 
very probable that they belong to the same stock as the Eskimos, He therefore felt 
inclined to extend the range of the Eskimos in the Pleistocene age, as far to the 
South and the east as the musk sheep (ox), through Northern Asia and middle 
Sioro^e to the Alps and the Pyrenees. 
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2. Kotice of Exploration of a Group of Mounds vi OMo, 

By F. W. Putnam." 

The author gave notice of exploration of a group of mounds in Ohio, containing 
not only burial mounds but others erected for quite a different purpose. He then 
describe the composition of one elaborate mound and of a group of mounds. 
The area of the mound is covered 'with a composition of iron and gravel. The 
stratification of the interior is not curved, but horizontal, though the exterior of 
the mound itself is curved. The finds in these mounds were very curious, such as 
ornaments in mica schists, and in native silver and gold, copper and iron, Images 
even are found in terra-cotta. 


3. On the Classificatiofi of North Amencan Languages, 

By Major J, W. Powelx. 

Four great stochs covered the area of the United States, viz.:—the Aigonqiiian, 
with about 40 different languages; the Siouan, with about 13; the Shoshonian, 
with 18; and the Athabascan, very important in the Dominion, Altogether there 
were 55 stocks represented in the United States. In conclusion, the author added 
a few words on the affinities of languages; he did not believe in comparing 
grammatic structure, but rather vocabularies. Institutions as a test of classifica¬ 
tion were less permanent than languages, but more so than arts. Mythologies 
probably were only inferior to languages. 


The President delivered the following Address• 

Cue newly-constituted Section of Anthropology, now promoted from the lower 
rank of a Department of Biology, holds its first meeting under remarkable chcum- 
,stances.. Here in America one of the great problems of race and civilisation comes 
into closer view than in Em’ope. In England anthropoldgists infer from stone 
arrow-heads and hatchet-blades, laid up in burial-mounds or scattered over the sites 
of vanished villages, that Stone Age tribes once dwelt in the land; but what they 
were like in feature and complexion, what languages they spoke, what social laws 
and religion they lived under, are questions where speculation has but little guidance 
from fact. It is very different when under our feet in Montreal are found relics 
of a people who formerly dwelt here, Stone Age people, as their implements show, 
though not unsHlled in barbaric arts, as is seen by the ornamentation of their 
oarthen pots and tobacco-pipes, made familiar by the publications of Principal 
Dawson. As we all know, the record of Jacques Cartier, published in the six¬ 
teenth century collection of Kamusio, proves by text and drawing that here stood 
the famous palisaded town of Hochelaga. Its inhabitants, as his vocaholaiy shows, 
belonged to the gpup of tribes whose word for 5 is that is to say, they 
were of the Iroquois stock. Much as Canada has changed since then, we can still 
“Study among the settled Iroquois the type of a race lately in the Stone Age, still 
trace remnants and records of their peculiar social institutions, and still hear spoken 
their language of strange vocabulary and unfamiliar structure. Peculiar importance 
is given to Canadian anthropology % the presence of such local American types of 
man, representatives of a stage of culture long pj^ed away in Europe. jNor does this 
by any means oust from the Canadian mind the interest of the ordinary proMems of 
European anthropology. The complex succession of races which make up the pedigree 
of the modem Englishman and Frenchman, where the descendants perha^ of |^seo- 
iithic, and certainly of neolithic, man have blended with invading Keltic, Homan, 
Teutonie-Scandinavian peoples—all this is the inheritance of settlers in America as 
much as of their kinsfolk who have stayed in Europe. In the present scientific visit 
of the Old to the New World, I propose to touch on some prominent questions 
of anthropology with special reference to their American aspects. Inasmuch as in 
an introductory address the practice of the Association tends to make arguments 
unanswerable, it wili be desirable for me to suggest rather than to dogmatise, 

8 M 2 
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leavinfc tlie detailed treatment of the topics raised to come in the more specialised 
papers and discussions which form the current business of the Section. 

The term prehistoric^ invaluable to anthropologists since Professor Daniel 
Wilson introduced it more than thirty years ago, stretches back from times just 
outside the range of written history into the remotest ages where human remains 
or relics, or other more indirect evidence, justifies the opinion tliat man existed. 
Par back in these prehistoric periods, the problem of Quaternary man turns on the 
presence of his rude stone implements in the drift gravels and in caves, associated 
with the remains of what may be called for shortness the mammoth-fauna. Not to 
recapitulate details which have been set down in a hundred books, the point 
to be insisted on is how, in the experience of those who, like myself, have 
followed them since the time of Boucher de Perthes, the efect of a quarter of 
a century’s research and criticism has been to give Quaternary man a more and 
more real position. The clumsy fiint pick and its contemporary mammoth-tooth 
have become stock articles in museums, and every year adds new localities where 
palaeolithic implements are found of the types catalogued years ago by Evans, and 
in beds agreeing with the sections drawn years ago by Prestwich. It is generally 
admitted that about the close of the Glacial period savage man killed the huge 
maned elephants, or fled from the great lions and tigers on what was then forest- 
clad valley-boltom, in ages before the later waterflow had cut out the present wide 
"v alleys 60 or 100 feet or more lower, leaving the remains of the ancient drift-beds 
exposed high on what are now the elopes. To fix our ideas on the picture of an 
actual locality, we may fancy ourselves standing with Mr. SpurreH on the old sandy 
beach of the Thames near Orayford, 35 feet above where the river now flows two 
miles away in the valley. Here we are on the very workshop-floor where palseo- 
lithie man sat chipping at the blocks of flint which had fallen out of the chalk cliff 
above his head. There lie the broken remains of his bloclcs, the flint chips he 
knocked off, and which can be fitted back into their places, the striking-stones with 
which the flaking was done; and with these the splintered bones of mammoth and 
tichorhine rhinoceros, possibly remains of meals. Moreover, as if to point the con¬ 
trast between the rude palseohthic man who worked these coarse blocks, and 
apparently never troubled himself to seek for better material, the modern visitor 
sees within 60 yards of the spot the bottle-shaped pits dug out in later ages by 
neolithic man through the soil to a depth in the chalk where a layer of good 
workable flint supplied him with the material for his neat flakes and trimly-chipped 
arrow-heads. The evidence of caverns such as those of Devonshire and Perigord, 
with their revelations of early European life and art, has been supplemented by 
many new explorations, without shaking the conclusion arrived at as to the age 
known as the reindeer period of the northern half of Europe, when the mammoth 
and cave-bear and their contemporary mammals had not yet disappeared, but the 
close of the Glacial period was merging into the times when in England and France 
savages hunted the reindeer for food as the Arctic triljes of America do still. 
Human remdns of these early periods are still scarce and unsatisfactory for deter¬ 
mining race-ty]^s. Among the latest finds is part of a skull from the loess, at 
Podbaha, near Prague, with prominent brow-ridges, though less remarkable in this 
way than the celebrated Neanderthal skull. It remains the prevailing opinion of 
anatomists that these very ancient skulls are not apt to show extreme lowness of type, 
but to be higher in the scale than, for instance, the Tasmanian. The evidence increases 
as to the wide range of palaeolithic man. He extended far into Asia, whore his 
characterislie rude stone implements are plentifully found in the caves of Syria and 
the foot-hills of Madras. The question which this Section may have especial 
means of dealing with is whether man likewise inhabited America with the great 
extinct animals of the Quaternary period, if not even earlier. 

Among the statements brought forward as to this subject, a few are mere 
flotiona, while others, though entirely genuine, are surrounded with doubts, making 
difficult to use them for anthropological purposes. We shall not discuss the 
human giants, whose footprints, inches long, are declared to have 
ifcgd with the loot-prints of mammoths, among whom they walked, at 
Oaaisioui^eyadfik There is something picturesque in the idea of a man in a past 
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geolagical penod finding* on tlie Pampas tbe bodj of a glyptodonj scooping out its 
fiesh, setting up its carapace on the ground like a monstrous dish-cover, and digging 
himself a burrow to live in underneath this animal roof; but geologists have not 
accepted the account. Even in the case of so well-known an explorer as the late 
Dr. Lund, opinions are still divided as to whether his human skulls from the 
caves of Brazil are really contemporary with the bones of megatherium and fossil 
horse. One of the latest judgments has been favourable; Quatrefages not only 
looks upon the cave-skulls as of high antiquity, hut regards their owners as repre¬ 
senting the ancestors of the living Indians. The high and narrow dimensions of 
the ancient and modern skulls are given in the ^ Crania Ethiiica/ and whatever a 
similarity of proportions between them may prove, it certainly exists. Dr. Koch s 
celebmted flint arrow-head, recorded to have been found under the leg-bones of a 
mastodon in Missouri, is still to be seen, and has all the appearance of a modem 
Indian weapon, which raises doubt of its being really of the mastodon period. 
This antecedent improbability of remote geological age is felt still more strongly to 
attach to the stone pestles and mortars, «S:c., brought forward by Mr. J.*D. 
"V^'hitney, of the California Geological Survey, as found by miners"in the gold- 
bearing gravels. On the one hand, these elafiorate articles of stone-work are the 
very characteristic objects of the Indian graves of the district, and on the other the 
theory that the auriferous pavels capped by lava-flows are of tertiary age is 
absolutely denied by geologists such as M. Jules Marcou in his article on ^ Tbe 
Geology of California ’ {Bull. Boo, GeoL de France, 1883). It is to he hoped 
that the Section may have the opportunity of discussing Br, C. C. Abbott's imple¬ 
ments from Trenton, Kew Jersey. The turtle-back celts, as they are called from 
their flat and convex sides, a^e rudely chipped from pebbles of the hard argillite 
out of the boulder-bed, but the question is as to the position of the sand and gravel 
in which they are found in the hluifs high above the present Delaware River. 
The first opinion come to, that the makers of the implements inhabited America 
not merely after but during the great Ice Age, has been mo<frfied bjr further 
examination, especially by the report of Mr. H. Carvill Lewis, who considers the 
implement-hearing bell not to have been deposited by a river which flowed 
over the top of the boulder-hed, hut that at a later period than this would 
involve, the Delaware had cut a channel through the houlder-bed, and that a sub¬ 
sequent glacier-flood threw down sand and gravel in this catting at a considerable 
height above the existing river, burying therein the rude stone implements of an 
Esquimaux race then iSiabiting the country. Belt, Wilson, and Putnam have 
written on this question, which I will not pursue further, except by pointing out 
that the evidence from the bluffs of the Delaware must not he taken % itself, hut 
in connection with that from the terraces high above the James River, near Mch- 
mond, where Mr. 0. M. Wallace has likewise reported the finding of rude stone 
instruments, to which must be added other finds from Guanajuato, Eio JuchipOa, 
and other Mexican localities. 

This leads at once into the interesting argument how far any existing pewle 
are the descendants and representatives of man of the post-Glacial period. The 
problem whether the present Esquimaux are such a remnant of an early race is 
one which Professor Boyd Dawkins has long worked at, and will, I trust, bring 
forward with frill detail in this appropriate place. Since he stated this view in 
his work on ' Oave-Hunting ’ it has continually been cited, whether by way of 
affirmation or denial, but always with tliat gain to the subject which arises from a 
theory based on distinct facts. May I take occasion here to mention as preliminary 
the question, Were the natives met with by the Scandinavian seafarers of the 
eleventh century Esquimaux, and whereabouts on the coast where they actually 
found? It may he to Canadians a curious subject of contemplation how about 
that time of history Scandinavia stretched out its hands at once to their old and 
their new home. When the race of hold sea-rovers who ruled Kormandy and 
invaded England turned their prows into the northern and ■western sea, they passed 
from Iceland to yet more inclement Greenland, and thence, according to Icelandic 
xecoids, which are too consistent to be refused belief as to main facts, they sailed 
some ay down the American coast. But where are we to look for the mo^t 
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soTitlierly points wMcli tlae Sagas mention as readied in Vineland? Where was 
Keel-ness, where Thorvalds ship ran aground, and Cross-ness, where he was hiiriedy 
when he died bj the skraling’s arrow ? Bafn, in the ^ Antiquitates Amoricance/ 
confidently maps out these places about ilie promontory of Cape Cod, in Masba- 
chusetts, and this has been repeated since fiom book to book. C must plead guilty 
to having cited ilafii’s map before now, but when with reference to the present 
meeting I consulted our learned editor of Scandinavian recoids at Oxford, Mr. 
Gudbrand Vigfusson, and afterwards wenr through the original passages in the 
Sagas with Mr. York Powell, I am hound to say that the voyages of the Northmen 
ought to be reduced to more moderate limits. It appears that they crossed from 
Greenland to Labrador (Helluland), and thence sailing moie or less south and west, 
in two stretches of two days each they came to a place near where-wild grapes grew, 
whence they called the country Vine-land. This -would, therefore, seem to have 
been somewhere about the Guli* of St. Lawrence, and it would be aii interesting 
object for a yachting cruise to try down from the east coast of Labrador a fair four 
days’ sail of a viking ship, and identify, if possible, the sound between the island 
and the ness, the river running out of the lake into the sea, the long stretches ot 
sand, and the other local features mentioned in the Sagas. While this is in the 
printer s hands, I hear that a paper somewhat to this same effect may come before 
the Geographical Section, but the mattei concerns us here as bearing on the southern 
limit of the Esquimaux, The skralings w-ho came on the sea in skin canoe^? 
(Jiudhheip')f and hurled their spears with slings {vdslongm), seem by these very 
facts to have been probably Esquimaux, and the mention of their being swarthy, 
with great eyes and broad cheeks, agrees tolerably with this. The statement 
usually made that the word shraling meant ^ dwarf ’ would, if correct, have settled 
the question; but, unfortunately, there is no real warrant for thi'? etymology. If 
we may take it that Esquimaux 800 years ago, before they had ever found their 
way to Greenland, were hunting seals on the coast of Newfoundland, and cariboo 
in the forest, their life need not have been very unlike^what it is now in their Arctic 
home. Some day, perhaps, the St. Lawrence and Newfoundland sboies will be 
searched for relics of Esquimaux life, as has been done with such success in the 
Aleutian Islands by Mr. W. H. Ball, though on this side of the continent we can 
hardly expect to find, as lie doe'^, traces of long residence and rice from a still lower 
condition. 

Surveying now the vast relies of so-called native, or indigenous, tribes of North 
and South America, we may admit th.at the fundamental notion on wliich American 
anthropology has to be treated is its relation to Asiatic. This kind of research is, 
as we know, quite old, but the recent advances of zoology and geology liave given 
it new breadth as well as facility. The theories which account frn* the wide-lying 
American tribes, disconnected by language as they are, as all descended from 
ancestors who came by^ sea in boats, or across Behring’s Straits on the ice, may be 
felt somewhat to strain the probabilities of migi'ation, and are likely 1o bo re¬ 
modelled under the information now supplied by geology as to the distribution of 
animals. It has become a familiar fact that the Equidse, or hoiNe-like animals, 
belong even more remarkably to the New than to the Old World There was 
plainly land-connection between America and Asia, for the horses whose remains 
are fossil in America to have been genetically connected with the hotbes re-intro¬ 
duced from Europe. The deer may have passed from the Old World into North 
America in the Pliocene period; and the opinion is strongly held that the camels 
went the other way, originating in America and spreading thence into Asia and! 
Africa. The mammoth and the reindeer did not cross over a few thoiosand 
years ago by Behring’s 8traits, for they had been since Pleistocene times spread 
over the north of what was then one continent. To realise this ancient land-junction 
of As^ and America, this ' Tertiary-bridge,’ to use Professor Marsh’s expjressipn,. 
it is instructive to look at Mr, Wallace’s cliart of the present soundings, observ¬ 
ing that an elevation of under 200 feet would make Behring's Straits land, while 
midieratebsir shallow sea extends southward to about the line of the Aleutian 
bww which comes the plunge into the ocean depths. If, then, we are to 
Aimim ae having received its human population by ordinary migratiop 
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of successive tril>es alortg this iiigliwaj, the importance is obvious of deciding how 
old man is in Americaj and how long the continent remained united with Asia, as 
well as how these two difficult questions are hound up together in their hearing on 
anthropology. Leaving them to be settled by more competent judges, I will only 
point out that the theory of northern migration on dry land is after all only a 
revival of an old opinion which came naturally to Acosta in the sixteenth century, 
because Behrings Straits were not yet known, and was held by Buffion in the 
eighteenth because the zoological conditions compelled him to suppose that 
Behring’s Straits had not always been there. Such a theory, whatever the exact 
shape it may take, seems wanted for the explanation of tliat most obvious fact 
of anthropology, the analogy of the indigenes of America vdth Asiatics, and 
more specifically with East*^ and North Asiatics or Mongoloids. This broad 
race-generalisation has thrust itself on every observer, and each has an in¬ 
stance to mention. My own particular instance is derived from inspection of a 
party of Botocudo Indians lately exhibited in London, who in proper clotiiing 
could have passed without question as Tibetans or Siamese. Now when ethnologists 
like Dr. Pickering remark on the South Asiatic appearance of Californian tribes, 
it is open to them to argue that Japanese sailors of junks wrecked on the coist 
may have founded families there. But the Botocudos are far south and on the 
other side of the Andes, rude dwellers in the forests of Brazil, and yet they exhibit 
in an extreme form the Mongoloid character which makes America to the anthro¬ 
pologist part and parcel of Asia. Looked at in this light, there is something 
suggestive in our still giving to the natives of America the name of Indians; the 
idea of Columbus that the Oaribs were Asiatics was not so absurd after all. 

It is perhaps hardly needful now to protest against stretching the generalisati''’n 
of American uniformity too far, and taking literally Humboldt’s saying that he wh.-) 
has seen one American has seen all. The common character of American tribe?, 
ftom Hudson’s Bay to Tierra del Fuego, though more homogeneous than on any otl>r 
tract of the worla of similar extent, admits of wide sub variation. How to dis¬ 
tinguish and measure this subvariation is a problem in which anthropology has 
only reached unsatisfactory results. The broad distinctions which are plainly seen 
are also those which are readily defined, such as the shape of the nose, curve of the 
lips, or the projection of the cheek-bones. But aH who have compared such American 
races as Aztecs and Ojibwas must be sensible of extreme difficulty in measuring the 
proportions of an average facial type. The attempt to ^ve in a single pdr of portraits 
a generalised national has been tried—^for instance, in the St. Petersbuig set of 
models of races at the Exliibition of 1862. But done merely by eye, as they were, they 
were not so good as well-chosen individual portraits- It would be most desirable thji 
Mr. Francis Galton’s method of photographs, superposed so as to combine a group of 
individuals into one generalised portrait, should have a thorough tiia! on groups of 
Iroquois, Aztecs, Oaribs, and other tribes who are so far homogeneous in feature as to 
lend themselves to form an abstract portrait. A set of American races thus * galton- 
ised’ (if I may coin the term) would very likely be so distinctive as to be accepted in 
anthropology- Craniologicai measmrement has been largely applied in Amerfea, 
but unfortunately it was set wrong for years b;^tbe same misleading tendency to 
find a uniformity not really existent. Those who wish to judge Morton'^s dictum 
applied to the Scioto Mound skull, ^ the perfect type of Indian conformation, to 
which the ^lls of all the tribes from Cape Horn to Canada more or less approxi-. 
mate,’ will find facts to the contrary set forth dn chap. 20 of Wilson’s ‘ Pmhistoric 
Man,’ and in Quatrefages and Hamy, * Crania Etlmica-’ American crania really 
differ so much that the hypothesis of successive mig^tions has been brought into 
account for the brachycephalic skulls of the mound-builders as compared with hving 
Indians of the district. Among minor race^vMons, as one of the best 
established maybe mentioned that which in this dktrict brings the Algonquin 
and Iroquois together into the dolichoceph^c dividon; yet even here some 
divide the Algonquins into two groups by their varying breadth of skull. What 
may be the interpretation of the cxanim evidence as heanng on tbe^ American 
problem it would oe premature to say; at present all that can be done is to'syste¬ 
matise facts. It is undisputed that the Esquimaux in their complexion, hair, and 
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feature approximate to the Mongoloid type of North Asia; but when it comes to 
cranial measurement, the Esquimaux with their narrower skulls, whose proportion 
of breadth to length is only 75 to 80, are far from conforming to the broad-skulled 
type of North Asiatic Mongoloids, whose average index is toward 85. Of this diver¬ 
gence I have no explanation to ofter; it illustrates the difficulties wliich have to he 
met by a young and imperfect science. 

To clear the obscurity of race-problems, as viewed from the anatomical standing 
point, we naturally seek the help of language. Of late years the anthropology of 
the Old World has had ever-increasing help from comparative philology. In such 
investigations, when the philologist seeks a connection between the languages of 
distant regions, he endeavours to establish both a common stock of words and a 
common grammatical structure. For instance, this most perfect proof of connec¬ 
tion has been lately adduced by Mr. E. H. Codiin^on in support of the view that 
the Melanesians and Polynesians, much as they differ in skin and hair, speak lan¬ 
guages which belong to a common stock. A naore adventurous theory is that of 
Lenormant and Sayce, that the old Chaldean language is connected with the 
Tatar group ; yet even here there is an a priori case based at once on analogies of 
dictionary and grammar. The comparative method becomes much weaker when 
few or no words can be claimed as similar, and the whole burden of proof has to be 
borne by similar modes of word-formation and syntax, as, for example, in the re¬ 
searches of Aymonier and Keane tending to trace the Malay group of languages into 
connection with the Khmer or Cambodian. Within America the philologist uses 
with success the strong method of combined dictionary and grammar in order to 
define his great language-groups, such as the Algonquin extending from Hudson s 
Bay to Yirginia, the Athapascan from Hudson’s Bay to New Mexico, both crossing 
Canada in their vast range. But attempts to trace analogies between lists of 
words in Asiatic and American languages, though they may have shown some 
similarities deserving further inq^uiry, have hardly proved an amount of corre¬ 
spondence beyond what chance coincidence would l)e capable of producing. Thus 
when it comes to judging of affinities between the great American language-families, 
or of any of them with the Asiatic, there is only the weaker method of structure 
to fall hack on. Here the Esquimaux analogy seems to be with North Asiatic 
languages. It would be defined as agglutinative-suffixing, or, to put the definition 
practically, an Esquimaux word of however portentous length is treated by looking 
out in the dictionary the first syllable or two, which will be the root, the rest 
being a string of modifying suffixes. The Esquimaux thus presents in an exaggerated 
form the characteristic structure of the vast Ural-Altaic or Turanian group of 
Asiatic languages. In .studying American languages as a whole, the first step is to 
discard the generalisation of Buponceau as to the American languages from Green¬ 
land to Cape Horn being united together, and distinguished fiom those of other 
parts of the world, by a common character of polysynthetism, or combining whole 
sentences into words. The real divergences of structure in American language- 
families are brought clearly into view in the two dissertations of Mons, Lucien 
Adam, which are the most valuable papers of the Congres International des 
Americanistes. Making special examination of sixteen languages of Nortli and 
South .^erica, Adam considers these to belong to a number of independent or 
irreducible families, as they would have been, he says, * had there been primitively 
Several human couples.' It may be worth suggesting, however, that the task of 
the philologer is to exhaust every possibility of discovering coimections between 
languages before falling back on the extreme hypothesis of independent origins. 
These American language-families have grammatical tendencies in common, which 
suggest original relationship, and in some of these even correspond with languages 
of other regions in a way which may indicate connection rather than chance. 
For instance, the distinction of gender, not by sex as male and female, but by 
life as animate and inanimate, is familiar in the Algonquin group; in Cree 
shoe (mocassin) makes its plural musheBina, while 
(^uaw) makes its plural eskwaywuk^ Now, this kind of gender is not peculiar to 
;^eriea, but appears in South-East Asia, as for instance in the Kol languages of 
In that A^atic district also appears the habit of infixing, that is, of 
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modifjrmg roots or words by the insertion of a letter or syllable, somewhat as the 
Dakota language inserts a pronoun within the verb-root itself, or as that remarkable 
language, the Chocta, alters its verbs by insertions of a stiU more violent character. 
Again, the distinction between the inclusive and exclusive pronoun we^ according 
as it means ^ you and I ’ or ^ they and I,’ &c. (the want of which is perhaps a 
defect in English), is as familiar to the Maori as to the Ojibwa. ^Thether the 
languages of the American tribes be regarded as derived from Asia or as separate 
developments, their long existence on the American contment seems unquestion¬ 
able. Had they been the tongues of tribes come within a short time by Behring’s 
Straits, we should have expected them to show clear connection with the tongues 
of their kindred left behind in Asia, just as the Lapp in Europe, whose ancestors 
have been separated for thousands of years from the ancestors of the Ostyak or the 
Turk, still shows in his speech the traces of their remote kinship. The problem 
how tribes so similar in physical type and culture as the Algonquins, Iroquois, 
Sioux, and Athapascans, should adjoin one another, yet speaking languages so 
separate, is only soluble by influences which have had a long period of time to 
work in. 

The comparison of peoples according to their social framework of family and 
tribe has been assuming more and more importance since it was brought forward 
by Bachofen, McLennan, and Morgan. One of its broadest distinctions comes into 
view within the Dominion of Canada. The Esquimaux are patriarchal, the father 
being head of the family, and descent and inheritance following the male line. 
But the Indian tribes further south are largely matriarchal, reckoning descent 
not on the father’s but the mother’s side. In fact, it was through becoming an 
adopted Iroquois that Morgan became aware of this system, so foreign to European 
ideas, and which he supposed at first to he an isolated peculiarity. No less a 
person than Herodotus had fallen into the same mistake over two thousand years 
ago, when he thought the Lykians, in taking their names from their mothers, were 
umike alt other men. It is now, however, an accepted matter of anthropology, 
that in Herodotus’ time nations of the civilised world had passed through this 
matriarchal stage, as appears from the survivals of it retained in the midst of 
their newer patriarchal institutions. For instance, among the Arabs to this day, 
strongly patriarchal as their society is in most respects, there survives that 
most matriarchal idea that one’s nearest relative is not one’s father but one’s 
maternal uncle; he is hound to his sister s children by a ‘ closer and holier tie ’ 
than paternity, as Tacitus says of the same conception among the ancient Germans. 
Obviously great interest attaches to any accounts of existing tribes which preserve 
for us the explanation of such social phenomena. Some of the most instructive of 
these are too new to have yet found their way into our treatises on early 
institutions; they are accounts lately published by Dutch ofiicials among the non- 
Islamised clans of Sumatra and Java. G. A. Wilken, ^Over de Yerwantschap 
en bet Huwelijks en Erfrecht bij de Yolken van den Indischen Archipel,’ sunama- 
rises the account put on record % Yan Hasselt as to the life of the Malays of the 
Padang Highlands of Mid-Sumatra, who are known to represent an early Malay 
population. Among these people not only kinship, but habitation follows absolutely 
the female line, so that the numerous dwellers in one great house are all connected 
by descent from one mother, one generation above another, children, then mothers 
and maternal uncles and aunts, then grandmothers and maternal great-uncles and 
great-aunts, &:c. There are in each district several suhu or mother-clans, between 
persons born in which marriage is forbidden. Hefe then appear the two well- 
known rules of female descent and exogamy, hut now we come into view of the 
remarkable state of society, that though marriage exists, it does not form the 
bousehold. The woman remains in the maternal house she was born in, and the man 
remains in his; his position is that of an authorised visitor; if he will, he may 
come over and help her in the rice-field, but he need, not; over the children he has 
no control whatever, and were he to presume to order or chastise them, their 
natural guardian, the mother’s brother (mumah)^ would resent it as an afiront. 
The. law of female descent and its connected rules have as yet been mostly studied 
among the native Americans and Australians, where they "have evidently under^ 
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gone much modification. Thus 150 years ago Father Lafitau mentions that the 
husband and wife^ while in fact moving into one another's hut, or setting \ip a 
new one, still kept up the matriarchal idea by the fiction that neither he nor she 
quitted their own maternal house. But in the Sumatra district just referred to, 
the matriarchal system may still be seen in actual existence, in a most extreme and 
probably early form. If, led by sucb new evidence, we look at tbe map of the 
world from this point of view, there discloses itself a remarkable fact of social 
geography. It is seen that matriarchal exogamous society, that is, society with 
female de^scent and prohihition of marriage within the clan, does not crop up heie 
and there, as if it were an isolated invention, but characterises a whole vast region 
of the world. If the Malay district he taken as a centre, the system of inter¬ 
marrying mother-clans may be followed westward into Asia, among the Garos and 
other Infl tribes of India. Eastward firom the Indian Archipelago it pervades the 
Melanesian islandte, with lemains in Polynesia; it prevails wudely in Australia, 
and stretches north and south in the Americas. This immense district represents 
an area of lower culture, where matiiarchalism has only in places yielded to the 
patriarchal system, which developes with the idea of property, and which, in the 
other and mv>ie cmli^jed half of the globe, lias carried all before it, only showing in 
isolated spots and by relics of custom the former existence of matriarchal society. 
Such a geographical view of the matriarchal re^on makes intelligible facts wMcb 
while not thus seen together were most puzzling, Wkeu years ago Sir George 
Grey studied the cu.-'toms of the Australians, it seemed to him a singular co¬ 
incidence that a man vv’hose maternal family name was Kangaroo might not 
marry a woma-nof the same name, just as if he had been a Huron of the Bear or Turtle 
totem, prohibited accordingly from taking a wife of the same. But when we have 
the fects more completely before us, Australia and Canada are seen to be only tbe 
far ends of a world-district pervaded by these ideas, and the problem becomes such 
a one as naturalists are quite accustomed to. Though Montreal and Melbourne 
are far apart, it may be that in prehistoric times they were both connected with 
Asia by line^ of social institution as real as those which in modern times connect 
them through Exu’ope. Though it is only of late that this problem of ancient 
society h£^ received the attention it deserves, it is but fair to mention how long 
ago its scientific study began in the part of the world where we are assembled. 
Father Lafitau, w^hose ‘ Mceurs des Sauvages Am^riquains ’ was published in 1724, 
carefully describes among the Iroquois and Hurons the system of kinship to which 
Morgan has since given the name of ^ classificatory,’ where the mother's sisters arc 
reckoned as mothers, and so on. It is remarkable to find this acute Jesuit mission¬ 
ary already pointing out how the idea of the husband being an intruder in his 
wife's house bears on the pretence of surreptitiousness in marriage among the 
Spartans. He even rationally interprets in this way a custom which to us seems 
fantastic, hut which is a most serious observance among rude tribes widely spread 
over the world. A usual form of this custom is tliat the husband and his pJirents- 
m-law, especially his mother-in-law, consider it shameful to speak to or look at one 
another, hiding themselves or getting out of the way, at least in pretence, if thej 
meet. The comic absurdity of these scenes, such as Tanner describes among the 
Assmeboins, disappears if they are to be understood as a legal ceremony, implying 
that me husband has nothing to do with his wife's family. To this part of the 
world also belongs a word which has been more effective than any treatise in 
bnngmg the matriarchal system of society into notice. This is the term 

Schoolcraft to describe the mother-clans of the Algonquins, named 
wolf, * Bear/ UMuekily the word is wrongly made, Professox* Max Miillei* 
Ms lately called attention to the remax*k of the Canadian philologist Father Cuoq 
(H. 0. Ancien Missionnaire), that the word is properly ofe, meaning ‘family mark, 
jwssessive and with the personal pronoun mnd oiem^ ‘ my family mark/ Mi 
etem, * thy family mark.' It may be seen in Scboolcraft’s own sketch of Algonquin 
gran^ar how he erroneously made from these a word toteM^ and the question 
gone into in this Section, whether the term hadhest be kept up 
or a new terooL substituted. It is quite worth while to discuss the 
what an important question of anthropology is involved in tbe 
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institution it expresses. In this region there were found Iroquois^ Algonquinsy 
Dakotas^ separate in language, and yet whose social life was regulated by the 
matriarchal totem structure. May it not be inferred from such a state of things,, 
that social institutions form a deeper-lying element in man than language or eyen 
physical race-type ? This is a problem which presents itself for serious discussion 
when the evidence can be brought more completely together. 

It is obvious that in this speculation, as in other problem,^ now presenting* 
themselves in anthropology, the question of the antiquity of man lies at the basis* 
Of late no ^eat progress has been made toward fixing a scale of calculation of the 
human period, but the arguments as to time required for alterations in valley- 
levels, changes of fauna, evolution of races, languages, and culture, seem to 
converge more conclusively than ever toward a human period short indeed as a 
fraction of geological time, but long as compared with historical or chronological 
time. "V^niile, however, it is felt that length of time need not debar the anthro¬ 
pologist from hypotheses of development and migration, there is more caution as 
to assumptions of millions of years where no arithmetical basis exists, and le^s 
tendency to treat everything prehistoric as necessarily of extreme antiquity, 
such as, for instance, the Swiss lake-dwellings and the Central American temples. 
There are certain problems of American antlmopology which are not the less 
interesting for involving no considerations of high antiquity; indeed, they have the- 
advantage of being within the cheek of history, though not themselves belonging 
to it. 

Humboldt^s argument as to traces of Aaatic influence in Mexico is one of these* 
The four ages in the Aztec picture-writings, ending with catastrophes of the four 
elements, earth, fire, air, water, compared by him with the same scheme among 
the Banyans of Surat, is a strong piece of evidence which would become yet stronger 
if the Hindu book could be found from which the account is declared to have been 
taken. Not less cogent is his comparison of the zodiacs or calendar-cycles^ of 
Mexico and Central America with those of Eastern Asia, such as that by which 
the Japanese reckon the Sixty-year cycle by combining the elements seriatim with 
the twelve animals, Mouse, Bull, T%er, Hare, &c.; the present year is, I suppose, 
the second water-ape year, and the time of day is the goat-hour. Humboldt’s case 
may be reinforced by the consideration of the magical employment of these zodiacs- 
in the Old and New World. The description of a Mexican ^trologer, sent for to 
make the arrangements for a marriage by comparing the zodiac animals of the 
birthdays of bride and bridegroom, might have been written almost exactly of the 
modern Kalmuks; and in fact it seems connected in origin with similar rules in 
our own books of astrology. Magic is of great value in thus tracing communication, 
direct or indirect, between distant nations. The power of lasting and traveliing 
which it possesses may he instanced by the rock-pictures from the sacred Roches- 
Fer-c^s of Manitoba, sketched by Dr. Dawson, and published in bis fatheris- 
volume on ^ Fos^ Man,’ with the proper caution that the pictures, or some of 
them, may be modern. Besides the rude pictures of deer and Indians and their 
huts, one sees with surprise a pentagram more neatly drawn than that defective one 
which let Mephistopheles pass Faust’s threshold, though it kept the demon in when 
he had got there. Whether the Indians of Manitoba learnt the magic figure from 
the white man, or whether the white man did it himself in jest, it proves a line of 
intercourse stretching back 2,500 years to the time when it was fimt drawn as a 
geometrical diagram of the school of Pythagoras. To return to Humboldt’s argu¬ 
ment, if there was communication from Asia to Mexico before the Spanish Con¬ 
quest, it ought to have brought other things, and no things travel more easily than 
games. I noticed some years ago that the Aztecs are described by the old Spanish 
yyxiters as playing a game called p&toUip where they moved stones on the squares 
of a cross-shaped mat, according to the throws of beam marked on one side. The 
description mmutely corresponds with the Hindu game of packm, played in like 
planner with cowries instead of beans; this game, which is an early variety of 
J^fi^gammon, is well known in Asia, whence it seems to have found its way into 
Arnerica. From. Mexico it passed into Sonora and Zacatecas, much broken down 
but retaining its name, and it may be traced still further into the game of plum- 
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stones among the Iroquois and other tribes. NoW; if the prohahility he granted 
that these various American notions came from Asia, their importation would not 
have to do with any remotely ancient connection between the two continents. The 
Hindu element-catastrophes, the East Asiatic zodiac-calendars, the game of back¬ 
gammon. seem none of them extremely old, and it may not be a thousand years 
since they reached America. These are cases in which we may reasonably suppose 
communfcation by seafarers, perhaps even in some of those junks which are brought 
across so often by the ocean-current and wrecked on the Californian coast. In 
connection with ideas borrowed from Asia there arises the question, How did the 
Mexicans and Peruvians become possessed of bronze ? Seeing how imperfectly it 
had established itself, not even dispossessing the stone implements, 1 have long 
believed it to be an Asiatic importation of no great antiquity, and it is with great 
satisfaction that I find such an authority on prehistoric archeology as Professor 
Worsaae comparing the bronze implements in China and Japan with those of Mexico 
and Peru, and declaring emphatically his opinion that bronze was a modern novelty 
introduced into America. 'While these items of Asiatic culture in America are so 
localised as to agree best \vith the liypotlie&is of communication far south across 
the Pacific, there are others w’hich agiee best with the routes far north. A remark¬ 
able piece of e\idence pointed out by General Pitt-Rivers is the geographical distri¬ 
bution ot the Tatar or compobite how, which in construction is unlike the long-how, 
being made of several pieces spliced together, and which is bent backwards to 
btring it. This distinctly Asiatic form may he followed across the region of 
Behring s Straits into America among the Esquimaux and northern Indians, so that 
it can hardly be doubted that its coming into America was by a northern line of 
migration. This important movement in culture may have taken place in remotely 
ancient times. 

A brief account may now be given of the present state of information as to 
movements of civilisation within the double continent of America, Conspicuous 
among these is what may be called the northward dri^ of civilisation, which comes 
well into view in the evidence of botanists as to cultivated plants. Maize, though 
allied to, and probably genetically connected with an Old World graminaceous 
family, is distinctly American, and is believed by I)e Candolle to have been brought 
into cultivation in Peru, whence it was carried from tribe to tribe up into the 
Horth. To see how closely the two continents are connected in civilisation, one 
need only look at the distribution on both of maize, tobacco, and cacao. It is 
admitted as probable that from tbe Mexican and Central American region agri- 
•culture travelled northward, and became established among the native tribes. 
This direction may be clearly traced in a sketch of their agriculture, such as is 
given in Mr. Lucien Carr s paper on the • Mounds of the Mississippi Yalley.’ The 
feame staple cultivation passed on from jilace to place, maize, liarieots, pumpkins, 
for food, and tobacco for luxury. Agncultiire among the Indians of the great 
lakes is plainly seen to have been an imported craft by the way in which it had 
apread to some tribes hut not to others. The distribution of the potter's art is 
teimilarly partial, some tribes making good earthen vessels, while others still boiled 
meat in its own skin with hot stonas, so that it may well be supposed that the 
arts of growing com and making the eaithen pot to boil the hominy came 
together from the more civilised nations of the south. With this northward 
vMft of civilisation other facts harmonise. The researches of Buschmann, pub¬ 
lished by the Berlin Academy, show how Aztec words have become embedded 
in tbe languages of Sonora, STew Mexico, and up the western side of the con¬ 
tinent, which could not have spread there without Mexican intercourse extending 
far north-west. This indeed has left many traces still discernible in the indus¬ 
trial and decorative arts of the Pueblo "Indians. Along the courses of this 
northward drift of culture remain two remarkable series of structm’es probably 
connected with it. The Oasas Grandes, the fortified communal barracks (if I may 
so call them) which provided house-room for hundreds of families, excited the 
^tonishment of the early Spanish explorers, hut are only beginning to be 
tStoroughly described now that such districts as the Taos Valley have come within 
% the railroads across to the Pacific, The accounts of these village-forts 
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and their inhabitants, drawn up by Major J. W. Powell, of the Bureau of 
Ethnology, and Mr. Putnam, of the Peabody Museum, disclose the old communistic 
society surviving in modern times, in instructive comment on the philosophers who 
are seeMng to return to it. It would be premature in the present state of informa¬ 
tion to decide whether Mr. J. L. Morgan, in his work on the ^ Houses and House- 
life of the American Aborigines,’ has realised the conditions of the problem. It 
is plansible to suppose with him a connection between the communal dwelhngs of 
the American Indians, such as the Iroquois long-house with its many family 
hearths, with the more solid buildings inhabited on a similar social *prineiple 
by tribes such as the Zunis of New Mexico. Morgan was so much a man of 
genius, that his speculations, even when at variance with the general view of the 
facts, are always suggestive. This is the case with his attempt to account for the 
organisation of the Aztec state as a highly-developed Indian tribal community, and 
even to explain the many-roomed stone palaces, as they are called, of Central 
America, as being huge communal dwellings like those of the Pueblo Indians. I 
will not go further into the subject here, hoping that it may he debated in the 
Section by those far better acquainted with the evidence. I need not, for the same 
reason, do much more than mention the mound-huilders, nor enter largely on the 
literature which has grown up about them since the publication of the works 
of Squier and Davis. Now that the idea of their being a separate race of high 
antiquity has died out, and their earthworks with the implements and ornaments- 
found among them are brought into comparison with those of other tribes of the 
country, they have settled into representatives of one of the most notable stages of 
the northward drift of culture among the indigenes of America. 

Concluding this long survey, we come to the practical question how the stimulus^ 
of the present meeting may be used to promote anthropology in Canada. It is not 
as if the work were new here, indeed some of its best evidence has been gathered 
on this ground from the days of the French missionaries of the seventeenth century. 
Naturally, in this part of the country, the rudimentary stages of thought then to l&e 
found among the Indians have mostly disappeared. For instance, in the native 
conceptions of souls and spirits the crudest animistic ideas were in full force. 
Dreams were looked on as real events, and the phantom of a living or a dead man 
seen in a dream was considered to he that man’s personality and life, that is, his^ 
soul. Beyond this, by logical extension of the same train of thought, every animal 
or plant or object, inasmuch as its phantom could be seen away from its material 
body in dreams or visions, was held to have a soul. No one ever found this primi¬ 
tive" conception in more perfect form than Father Lallemant, who describes in the 
‘ Halations des Jesuites ’ (1626) how, when the Indians buried kettles and furs 
with the dead, the bodies of these things remained, but the souls of them went to 
the dead men who used them. vSo Father Le Jeune describes the souls, not only 
of men and animals, hut of hatchets and kettles, crossing the water to the Great 
Village out in the sunset. The genuineness of this idea of ohject-souls is proved by 
other independent explorers finding them elsewhere in the world. Two of the 
accounts most closely tallying with the American, come from the Eev. Dr. Mason, 
in Birma, and the Eev. J." Williams, in Fiji. That is to say, the most characteristic 
development of early animism belongs to the same region as the most characteristic 
development of matriarchal society, extending firom south-east Aria into Melanesia 
and Polynesia, and North and South America. Everyone who studies the history 
of human thought must see the value of such facts as these, and the importance of 
gathering them up among the rude tribes who preserve them, before they pass into 
a new stage of culture. ^All who have read Mr. Hale’s stufes on the Hiawatha 
legend and other Indian folklore, must admit that the native traditions, with their 
firagments of real histoiy, and their incidental touches of native religion, ought never 
to be left to die ont unrecorded. In the Dominion, especially in its outlying districts 
toward the Arctic region and over the Eocky Mountains, there is an enormous mass 
of anthropological material of high value to he collected, but this collection must 
be done within the next generation, or there will be little left to collect. The small 
group of Canadian anthropologists, able and eneigetic as they are, can manage and 
control this work, but cannot do it all themselves. What is wanted is a Canadian 



REPORT— 1884, 


910 

Anthropological Society with a stronger organisation than yet exists, ^ able to 
f.rrange explorations in promising districts, to circulate questions and requirements 
among the proper people in the proper places, and to lay a new burden on 
the shoulders of the already hard-worked professional men, and other educated 
settlers through the newly-opened country, by making them investigators of local 
©nthropology* The Cana^an Government, which has well deserved the high repu¬ 
tation it holds tL‘oughout the world for wisdom and liberality in dealing with the 
native tribes, may reasonably be asked to support more thorough exploration, and 
collection and publication of the results, in friendly rivalry with the United States 
Government, which has in this way fuHy acknowledged the obligation of making 
the colonisation of new lands not only promotive of national wealth, but service¬ 
able to science. It is not for me to" do more here, and now, than to suggest 
practical steps toward this end. My laying before the Section so diffusive a sketch 
of the problems of anthropology as they present themselves in. the Dominion, has 
been with the underlying intention of calhng public notice to the important scien¬ 
tific work now standing ready to Canadian hands; the undertaking of which it is 
t > he hoped will be one outcome of this visit of the British Association to Montreal. 


FjRiBAT, ArarrsT 29. 

The following Papers and Beport were read:— 

1. Instructions Aniliropometriqties BUmeniaires, By Dr. P. Topinard. 


2. On ^lytlis of the Modoo Indians. By J. CuiiTiN. 

o. On fltp Xatin^e oad Origin of WampjLm, By Horatio Hale. 

It is a notable fact that while the populous and partly-civilised Indian communities 
c f C’entral and South America, like the ancient Egyptians and Assyrians, carried on 
their commerce without the aid of money, the more barbarous tribes of the region 
now composing the United States and Canada had a real monetary currency in 
common use. This was their wampum, which consisted of shell-t)eads, in the 
form of diskto or small cylinders, perforated through the centre, and usually strung 
t pon a deer's sinew or some other string. Tliis currency was found by the first 
white settler's so useful in dealing with the Indians, and so convenient in the 
absence of silver money, that it was for a time adopted and made a legal currency 
among the Colonists themselves. These shell-beads were fashioned by the natives 
from various kinds of sea-shells, including several species of conchs and periwinkles, 
and also a bivalve common on the Atlantic cou'^t, and known as the quahmgy or 
Venus mert emrin* The beads were of two colours, white and dark purple, the 
latter usually styled black, and esteemed, from their rarity, about twice as valuable 
as the white* bead«i. This money, being a manufactured article, differed from the 
East Indian cowries, or strung shells, pi-eeisely as coined money diffeis from bullion. 

The wampum derived iu value partly from the great labour expended in making 
it, and partly from its prominence in the social usages of the Indians. All impor¬ 
tant acts of state-policy were axtthenticated by the exhibition of wampum in the 
form either of strings or of belts. In the making of treaties several belts were usually 
exchanged. Each belt bad its peculiar device, woven either of white boads on a 
dpk ground, or of dark beads on a white ground. These devices were rude 
pictorial emblems, resembling the earlier forms of the Ohinese characters. The 
wampum was also lar^ly employed in funeral ceremonies and in sacrifices. 

quantities of thw and cylinders wete found in the ancient 

motinds of the MissMppi valley, and there seems no reason to doubt that they 
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were used by the builders of those mounds in the same manner and to the same 
extent as by the modem Indians. 

West of the E-ocky Moimtains the sbell-money was in use among the Indians 
do%m almost to our own times. It was made cliiefly in the form of disks, wMcb 
were perforated and strung on strings. In their traffic these were rated sometimes 
by the number of beads, and sometimes by the length of the string. There was a 
larger Mnd, made in ohlong strips, with two holes at one end for "^stringing them. 
The shell-money was much used by the Californians in their funeral ceremonies 
and their sacrifices. 

Continuing in a westerly course, we come, in the Northern Pacific, to the 
island groups of Micronesia. In these groups the shell-money is found in use, very 
much as among the North American Indians. In some islands it is made of disks 
of sea-shell and cocoanut-sliell, strung alternately white and black, and disposed of 
in lengths. In others it is formed of tortoise-shell disks, strung and used in the 
same manner. 

In the Loo Choo Islands, which are midway between ^Micronesia and China or 
Japan, the Chinese money is in use. This consists of small circular copper coins, 
known to Europeans as ' cash.’ They baye a hole in the centre, are strung on 
strings, and usually disposed of in len^hs. According to the Chinese authorities, 
the money anciently used in that empire, before metallic coins were known, was of 
tortoise-shell. The earliest Chinese copper coins of which specimens are known 
are of various shapes, probably fashioned after the shapes of this tortoise-shell 
money. Most of them are round, with a hole in the centre, but some are oblong, 
and perforated at one end for stringing, like the Californian shell-slips. The 
Chinese have * mock-money,’ made of tmfoil and paper, which is burnt in their 
sacrifices. This is regarded as evidence that their current money was ori^ally 
made of some combustible material. 

The natural inference from these Ikcts is that the knowledge and use of the 
Chinese shell-money were probably carried in early times from Eastern Asia, or 
from Micronesia, to this continent. The maimer in which this may have occurred 
is shown by the fact that many Japanese junks have been wrecked during the 
present century on the west coast of North America. The Micronesians also have 
laige and weli-rigged vessels, in which they are accustomed to make long voyages, 
and one of which may easily have drifted to that coast. 

The use of this currency "as a medium of exchange ia the Pacific Islands and in 
North America, whether* it is regarded as of indigeaous origin or as introduced 
from abroad, must in either case he deemed an evidence of good intellectual 
powers in the people who employ it. 


4. Marriage Laws of the North American Tribes* By Major J. W. Powell. 

A definition of the term law that will hold good under all circumstances 
must be divested of the many theories of its origin, the source of its authority, 
and its ethic characteristics, which are expressed or implied in customary defini¬ 
tions, and laws must be considered as objective facts. The following definition 
will perhaps do under all circumstances: A law is a mle of conduct which organised 
society endeavours to enforce* 

In civilisation law is theoretically founded on justice, hut in savagery principles 
of justice have little consideration. There are two fundamental principles at the 
basis of primitive law, viz.: first, controversy should be prevented; second, con¬ 
troversy should be terminated." A third is derivative from them, namely: infrac¬ 
tion of law should he punished. These principles enter into primitive law in many 
curious ways. 

It was customary among the tribes of North America for individuals to mark 
their arrows, in order that .the stricken game might fall to the man by whose 
arrow it Imd been, dispatched. 

A war party of Sioux surprised a squad of sleeping soldiers, who were all killed 
at the first volley ftom the Indians, Their arms, blankets, and other property 
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were untouclied, because, the attacking party being large, it could not be decided by 
whose bullets the soldiers were killed. 

It has been widely believed that the practice of placing tlie property of deceased 
persons in their graves when they are buried has its origin in religion, and testifies 
to the universal belief that the dead live again and will need such articles in 
their new life. But many tribes of North America who have not yet been long in 
contact with white men avow that, there being no owner for the property, its 
disposition might lead to controversy, and hence it is destroyed. Many examples 
of this fact have been collected. Ownership as to the greater part of property in 
savagery is communal, some classes of property being owned by the clan, others by 
the tribe; and for such there is no proper inheritance, as the clan and tribe do 
not die 5 but purely personal property is inberited by tbe grave. ^ It seems probable 
that such is the origin of the custom of burying vpious articles with the dead. 
Subsequently it has religious sanctions thrown about it, as have all social customs. 

There is a law among the tribes of North America that superior age gives 
authority. This law is widely spread, and perhaps universal, and exercises a pro¬ 
found influence in tribal society, as the occasions for its application are multifarious. 
Like many other of the institutions of tribal society, it is woven into the structure 
of tribal language. Linguists have recorded as a ciu'ious fact that in these lan¬ 
guages there is no single term for brother, but two terms, one simfying elder 
broflier and the other younger brother. They have also found simflar facts relat¬ 
ing to the term sister, and to some other kinship words; but, so far as I know, 
they have failed to observe that the law applies to all consanguineal kinship names. 
All of these titles express relative age between tbe person speaking and the person 
addressed. Among savage tribes the age of an individual is not kept; no man 
knows his own age; but every man, woman, and child in the tribe knows his 
relative age to every other person in the tribe—^who are older and who are younger 
than himself; for, in addressing any other person in the tribe, he must necessarily 
use a term which implies that the person addressed is older or younger than himself, 
and this is rendered necessary to comply with the general law that authoiity 
is inherent in the elder. This is the explanation of another curious custom observed 
among savage tribes, namely, that it is illegal to address a person by his proper 
name. Kinship terms are used in direct address, proper names in speaking of a 
third person. The law that authority is inherent in the elder is a simple and in¬ 
genious method of preventing controversy. 

An interesting form of outlawry exists among some tribes. When a man has 
frequently involved his clan in controversy with other clans by reason of quarrels 
or other outrageous conduct, his own may decide no longer to defend him, and will 
fomally announce in tribal council that" such person is no longer under their pro¬ 
tection. If the person, thereafter, by his conduct maltreats any member of the 
tribe, the injured party may do as he will with the offender, and will not be held 
accountable by the kindred of the outlaw. 

The few illustrations here given are sufficient perhaps to make clear wliat is 
meant by the statement that a large class of savage laws are designed to prevent 
controversy. Many other illustrations might be given, for they are found on every 
hand. 

Three especial methods of terminating controversy are widely spi*ead among the 
tribes of North America. 

When controversy arises in relation to ownership, the property is usually de¬ 
stroyed by the clan or tribal authorities. Thus, if two men dispute in bartering 
their horses, a third steps in and kills both animals. It seems probable that the 
destruction of property, the ownership of which is in dispute, is common to all 
tribes. 

A second method of ending controversy is by the arbitrament of personal con¬ 
flict.. For example, if two persons disagree and come to blows, unless confiict end 
in the maiming or killing of one of the parties, it is considered a fin^l settlement, 
cannot thereafter appeal to their clans for justice. By conflict a contro- 
outlawed. This law see:^ to be universal. 

method of terminating controversy is by the establishment of some 
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day of festival;—sometimes once a month, hut usually once a year,—beyond which 
crimes do not pass. The day of jubilee is a day of forgiveness* The working of 
ibis principle might be illustrated in many ways. 

It has been thus necessary to brieiy set forth certain pianciples of primitive law, 
in order that the subject of marriage law in savage society may be clearly under¬ 
stood. Law begins in sav^^ery through the endeavour to secure peace, and developes 
in the highest civilisation into the endeavour to establish justice. 

Society is organised for the regulation of conduct, and conduct is regulated by 
law in the several stages of human progress in relation to those particulars alx>ut 
which serious diss^eement arises. In the early history of mankind it appears 
from all that we may now know of the matter that the most serious and frequent 
disagreement arose out of the relations of the sexes. Men disagreed about women, 
and women about men. Early law therefore deals to a large extent with the rela¬ 
tions of the sexes. The savage legislator sought to avoid controversy by regulating 
marital relations, and this he did by denying to the individual the right of choice, 
and providing that certain groups of men should take their wives from certain groups 
of women; and further, that the selection of the woman should not be given to the 
man, nor the selection of the man to the woman, but that certain officers or elder 
persons should make the marriage contracc. This method of sdection will here be 
called Legal Appointment. 

Now, selection by legal appointment exists among all North American tribes, 
and elsewhere among savages in Australia and other portions of the globe; but it 
exists in diverse forms, wMch may not here be recounted for want of space. But 
the essential principle is this: In order that controversy may be avoided, marriage 
selection is by legal appointment, and not by personal choice. 

But the second fundamental principle of primitive law greatly modifies selection 
by legal appointment, and gives rise to three forms of marriage*, which will be de¬ 
nominated as follows: first, marriage by elopement; second, marriage by capture; 
third, maniage by duel. 

It very often happens in the history of tribes that certain of the kmsMp groups 
diminish in number while others increase. A group of men may greatly increase 
in number while the group of women from whom they are oblig^ to accept their 
wives dimanisbes. At the same time another group of women may be large in pro¬ 
portion ‘to the group of men to whom they are destined. Under these drcumstances 
certain men have a right to many wives while others have a right to but few. It 
is very narfenral that young men and young women should sometimes rebel against 
the law and elope with each other. Now the second fundamental principle of early 
law, mentioned above, is that controversy must end, and such termination is secured 
by a curious provision found among many, perhaps all, tribes. A day is established, 
sometimes once a moon, but usually once a year, at which certain classes of offences 
are forgiven. If, then, a runaway couple can escape to the forest and five by them¬ 
selves until the day of forgiveness, they may return to the tribe and live in peace. 
Marriage by this form exists in many of the tribes of North America. 

Again, the group of men whose marriage rights are curtaildl by diminution of 
the stock into which they may marry, sometimes unite to capture a wife for one of 
their number from some other group. It must be distinctly understood that this 
capture is not from an alien tribe, but always from a group within the same tribe. 
The attempt at capture is resisted, and a eonfiict ensues. If the capture is success¬ 
ful the marriage is thereafter considered legal!; if unsuccessful, a second resort to 
capture in the particular case is not permitted, for controversy must end. When 
women are taken in war from alien tribes, they must be adopted into some clan 
within the capturing tribe, in order that they may become wives of the men of the 
tribe. "When this is done, the captured women become by legal appointment the wives 
of men in the group, having marital rights in the clan which ms adopted them. 

The third form is marriage by duel. When a young woman comes to a mar¬ 
riageable age it may happen that *by le^l appointment she is assigned to a man 
who already has a wife, while there may be some other young man in the tribe 
who is without a wife because there is none for him in the group within whieh he 
may marry. It is then the right gf the latter to challenge to combat the man who 
18*84. 3 N 
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la entitled to more than one, and if successful he wins the woman; and by sa-va^^e 
law controversy must then end. AH three of these forms are observed among the 
tribes of North America, and they are methods by which selection by legal appoint¬ 
ment is developed into selection by personal choice. Sometimes these latter forms 
largely prevail, and they come to be regulated more and more, until at last they 
become mere forms, and personal choice prevails. 

When personal choice thus prevails, the old regulation that a man may not 
marry within his own group stiH exists, and selection within that group is incest,, 
which is always punished with great severity. The group of persons within which 
marriage is incest is always a highly artificial group. Hence, in early society, 
incest laws do not recognise physiological conditions, hut only social conditions. 

The above outline wHl make clear the foHowing statement, that endogamy and 
exogamy, as originaUy denned hy Maclennan, do not exist. Every savage man is 
exogamons with relation to the class or clan to which he may belong, and he is to 
a certain extent endogamous in relation to the tribe to which he belongs; that is, 
he must marry within that tiibe, hut in all cases, if Ins marriage is the result of 
legal appointment, he is greatly restricted in his marriage rights, and the selection 
must he made within some limited group. Exogamy and endogamy, as thu« 
defined, are integral parts of the same law, and the tribes of mankind pannot be 
classed in two great groups, one practising endogamy and the other exogamy. 

The law of exogamy is universal. Among all peoples there is a p’oup, larger 
or smaller, and natural or artificial, within which marriage is prohibited. The 
terms ' exogamy and ‘ endogamy ’ are misleading, and should he discarded. 


5. Beport of the Committee for dejming the Facial Char act e7-isiics of 
Faces and Frincijpal Grosses in the British Isles ,—-See Reports, p. 294, 


SATUBBAT, AVGUST 30. 
The Section did not meet. 


ATOXJDAT, SEPTEMBER 1. 

The foHowing Papers were read;— 

1. Bemarlis ou the Gifstoms and Language of the Irogvois, 

By Mrs. EmiimE A. Smith. 

The literal meaning of many Iroquois nouns is extremely inleresting. The 
names of animals in very many cases refer to some peculiarity of the object. Tin 
goat and some other animals are named fi-om their odour, birds generally froni 
their note; nearly all trees are named from some quality j tears, translate as eye- 
juice j sugar, as tree-juice. The feelings and passions are even more strikingly 
descriptive; a thing tliat is wonderful is scalp-raising; any thing tempting, alluring, 
or captivating, is said ^ to unhook the mind.’ The peculiarity^ of different wordb 
requiring unlike pronouns for the same person and number, and the great number 
of th^e pronouns have greatly puzzled most students of Indian languages, several 
of whom have stated that there are but two genders, a noble and an ignoble; Mrs. 
Smith, however, brings evidence to prove the existence of three genders in these 
dialects. 


2. On the Development of Industrial and Ornamental Art among the Zunis 
of New Mexico, By E. H. CuSHiNG. 

The author brought forward evidence, linguistic and otherwise, to prove the 
des^nt of the Zunis from the Pueblo Indians. The word Pueblo was applied to a 
na^pn who lived in communal dweHings. The art of pottery was practised in the 
Puehlo district to a very great extent, and the author gave an account of 
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formation of the Zuiii gourds, or water-vessels, showing how they were covered 
with wicker-work in order to preserve them. The Zuhfs regard the bowls they 
make as possessing something of the nature of life or spirit; they place food ani 
water near the vessel, and as the woman completes it she imagmes she has made 
something like a living being, . The difterent sounds made by the pots when they 
are struck, or as their contents boil, are believed to be the voices of the beings which 
are associated with the vessels. Apertures or blank spaces are left for the escape 
of the spirit. A Zuhi woman, as she closes the apex of a pointed clay vessel, turns 
her eyes away, and says she is fearful to watch this operation. The Zunis in re¬ 
presenting animals alwa^^s show a kind of line or passage leading from the throat 
to the heart. In conclusion the author referred to the probable origin of the shapes 
used in the pottery of Ameiica. 


3. The Huroiulroquoisy a typical race of Americwti Aborigines, 
By Dr, Daotel Wilsox. 


4. Anthropological Discoveries in Canada, By 0. A. HmscHPELDEE. 

The ancient remains of Canada have, as yet, been by no means satisfactorily 
examined, and consequently hut superficially described; and although we have m 
stone ruins, still that does not detract from the interest of the prehistoric works 
found scattered over various sections of this country, which are well worthy 
of a thorough scientific examination. The forts, which were built principally of 
earth, although stone was not unirequently used to some extent in their con¬ 
struction, are particularly interesting firom two points of vievr—^viz., the almost 
perfect symmetrical shape, and the advantageous positions which were invariably 
chosen. As to the first-named feature, they hear a striking resemblance to the 
ancient earthworks of the Western States, by which some writers have en¬ 
deavoured to prove that the authors of those works^ must have been advanced in 
certain sciences. As to the situation of these forts, their ancient builders seem to have 
carefully studied localities, and to have fully appreciated the advantages ,to ie 
gained thereby, as the situations chosen were invariably such as to either comm^d 
a view for a long distance over the country, or, if near the water, to be so conr 
structed that a fleet of canoes could be seen a long distance away, so that sudden 
attaelm by water would be impracticable. 

The forts were generally made either circular or oval, although one or two 
surveyed were crescent or semicircular, the form probably depending .upon the , lie 
of the land; and it is very singular that there has not been, to my knowledge, a 
single fort discovered in Canada which even approaches a square. Entrenchments 
seem to have been a not uncommon mode of defence, and have every appearance 
of being anterior to the wall or embankment forts; the largest one simveyed was. 
half a mile in cireumference, of a circular form, and, judging by counting the conr 
centric rings of trees growing right in the ditch, which must have grown after the 
fort was constructed, also by decayed vegetable-matter and other evidences, was 
computed to be from 800 to 1,000 years old. 

Ancient burial-places may be classed under three heads—mounds, ossuaries, and 
single graves. Mounds are not of frequent occurrence in Cans^a, and all which 
have so far been examined have contained human hones, proving they were used as 
burial repositories. These ttanuH (if they may be so termed) are not by any means 
large; they, generally measure about one hundred feet in circumference^ and are 
only about five feet high. The dead seem to have been buried without any regular 
system, each mound containing from six to twelve bodies. 

The ossuaries are probably the most interesting rema^ we have. . They consist 
of round symmetric^ holes dug to the required depth, in .which the bodies were 
promiscuously deposited: some of the larger ones contain th^ remains of several 
thousand bodies. - . 

The single graves are the mcst ordinary remains, and are generally found on 
high ground, a MH-top being a favourite site. In dwelling on the question of 
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sepulture, tlie author trusts to be able to show clearly that the burial of articles 
with the dead was not so much a religious act as a mark of respect to the dead. 
The archceological relics of Canada have never been fully described, and are 
deserving of a higher rank, in a scientific sense, than has as yet been awarded 
them. We have a grand field to work in, and the articles we find well repay us 
for the trouble taken. The Aborigines of America are undoubtedly the fathers of 
smoking, and the elaborate worfinanship which was bestowed upon their pipes 
shows the important place it took in their everyday life. There are no articles 
found which so well portray the aboriginal ingenuity as the pipes. Animals, birds, 

S ' es, and the human physiognomy are all carved upon the bowls and stems with 
e accurateness. Many specimens found would trouble a clever artisan of the 
present day to copy exactly, allowing him all the modern tools to work with, 
hecause stones, tools, ornaments of various kinds, &c., were also manufactured with 
a precision simply perfect; and, strange to say, it seems to have been a matter of 
little moment whether they worked the hardest or softest materials. 

Pottery, shell, and bone were extensively used in the manufacture of articles 
for their everyday life, whether for ornaments or necessary utensils; copper was 
also utilised to some extent, principally for tools, ornaments, and sword-blades j the 
ore was merely pounded into the required shape. 

Shells which must have been brought a distance of nearly two thousand miles 
are sometimes found in graves, evideneina: the extraordinary fact that a trade must 
have been carried on between the Aborigines of the North and those of the South, 
which, extending over such a \ a*t distance, and with their primitive mode of 
travelling, must have made the articles exchanged of great value. 

The wampum was probably nearly altogether carved fiom these foreign shells. 

5. Observations on iJie Mexican Zo(Uac and Astrology. By Hyde Odarkb. 

The author communicated some detailed observations on the Mexican signs, 
and on the figure of a man to the limbs and organs of which these signs are applied. 
These he treated in comparison with the Chinese Zodiac, that adopted in Europe, 
the Phoenician and Hebrew alphabet, and the linguistic relations of the several 
words. Taurus was correlated with Aleph, 54 (1); v iigo the Girl with the Chinese 
Snake; Scorpion (6) with the Mexican Ear; Sagittarius (8) = Tiger, Ocelot, Na-vel, 
and 8; Aquarius (10) with the Pat, Water, and the Hair* For the right eye, 
the Mexican sign is the house. In gesture language and also in speech language 
the eye = 2. This is also the numerical value of the House S m the Semitic 
alphabets. Of purely Mexican signs were illustrated Goat=Foot; Sun = Tongue; 
and Lizard - Thigh. 

Mr. Clarke’s conclusion was that at one time there was in the world a common 
symbolic, linguistic, and numeral connection of the objects, and that Chinese, 
Egyptian, Mexican, or Aztec and Phoenician are not original types, but simply 
derivative. The numeral relations are not to be regarded as arithmetical, but 
serial; and as the order of a serits could be changed, the variations in existing 
types are thus to be accounted for. The originals must have been of most remote 
antiquity. _ 

6. Bads suggestive of BreliistoriG hiiercourse behueen Bast and West 
By Mss A. W. Buckland. 

The object of this paper is to point out a few facts which have been somewhat 
overlooked, but which all tend to show that at some very early period an inter¬ 
course must have subsisted between the two hemispheres, by means of which ideas 
were interehanged, to be worked out differently, although bearing traces of a 
common origin. 

Miss Buddand first points out the similarities between the canoes and rafts of 
Asia and America, and then proceeds to show the relation between a few peculiar 
weapons, which seem to have had a very wide range and also some 
mysfeia sagnificarion. The first of these is an axe-head of metal, which was used as 
a symbol on the heads of gods, both in Peru and Mexico, and appears to have 
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adorned Assyrian helmets,, and the trapping of horses, hoth in As^ia and Persia. 
Then there is the Maquahmtlj a Mexican'weapon, consisting of blades of obsidian in 
a wooden handle, which appears also in rock carvings in Peru, and an affinity to 
which is seen in New Guinea and the Philippines. 

The remarkable resemblance existing between the pottery of Hlssarlik and 
Peru is shown to extend to an ornament or symbol found freq^uently on the vases 
of Hissarlik, which appears reversed on vases in the Mexican paintings; whilst, 
curiously enough, the Mexican form of this symbol appears on the sculptured stones 
of Scotland in conjunction with the T '^^hich forms one of the Maya hieroglyphs. 

Another instance of similarity is found in the circle with lines running through 
it, which in Peru is said to represent a watercourse constructed by one of the Incas. 
Another suggestive symbol is the protruding tongue, signifying Quetzaleoatl in 
Mexico, but which is found in statues in various other parts of America, and also in 
Egypt and Etruria. The winged globe of Egypt, Assyria, and Persia, seems to 
have its representative, but reversed, in Central America, whilst some of the 
Phoenician letters, also reversed, appear sculptured on the rocks in the Yonan Pass. 

The stone circles, cairns, dolmens, and rocMng-stones of Europe and Asia, have 
also their representatives in America, and in the case of the circles are connected 
with the same legends, that is, that they were men and women turned to stone for 
dancing instead of listening to a prophet or teacher. 

The paper does not deal with similarities in architecture, great tumuli, ifec.i 
these having already received considerable attention; but the square apertures in 

g raves in Peru are compared with those in Cyprus and Sardinia, and with similar 
oles of a round form in various parts of Europe and Asia. These holes are sup¬ 
posed to be made to allow of the free passage of the spirit, a similar idea haying 
originated the curious custom of trepamiing^ which prevailed in Europe in Neolithic 
times; this is found also in Peru, and is apparently indicated among the mound- 
builders of Ulinois. 

Several curious customs alike in the two hemispheres are mentioned, especially 
that of the distortion of the head. 

All these coincidences, and many more which are omitted for want of space, the 
author believes, can only be accounted for by some very early prehistonc inter- 
commimication, the manner and route of which have yet to be determined, there 
being many difficulties in either route, whether across the Paeitic &om or the 
Atlantic from Europe, being accepted, because of the absence of intermediate traces, 
and the fact that in Feru, farthest removed from the Atlantic, we find the strongest 
traces of ancient European influence, whilst the Mexican civilisation seems to 
approach nearer to that of Asia. 


TUESDAY, SEPTDMBEE 2. 

The following Report and Papers were read:— 

1. Report of ilte Committee for defraying the expenses of completing the 
preparation of the final Report of ilie Anihropomeivic Committee .— 
See Heports, p. 279. _ 

2. Notes on the Races of the Jews, By Dr. A. NTetjbauee. 

In this paper an account is given of the race-elements which at various times 
have become part of the Jewish nation. The author criticises the popular opinion 
that the two divisions of Sephardim or Spanish-Portu^ese Jews, and Ashkenazim, 
or German-Polish Jews, correspond willi the tribal mvisions of Judah and Ben¬ 
jamin respectively; this opinion he considers to have no historical foundation. 


On a Skull from the Loss of Podbaba, near Prague, and a Shull found 
in allmmm at Kankakee^ Illinois, along a Tooth of the Mastodon* 
By Dr. DaisiieIi WiLsoisr. ____ 
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4. Recent UJxcavations in Pen Pits^ Somersetshire, 

By the Eev. H. H. Winwood, 

The author described the position of these pits, of which there are a large 
number, and which cover some 700 acres. Some are o^al, some round, and some 
long, and their depths are various. The question to he decided was whether these 
pits were ancient dwellings, or merely quarries, and the author described the 
process of exploration in detail, and brought forward evidence to show that the 
pits were sunk for the purpose of obtaining stone for building, and for grindstones, 
a large number of which have from time to time been dug up, and are now to be 
seen in the neighbourhood. __ 

6* On some doubtful or intermediate Articulations, By Horatio Hall. 


6 . On Food Plants used by the North American Indians, 

By Professor George Lawson, Ph,D,, LL,D,f F,L0,^ F,B.8,0, 

A knowledge of the distribution of the spontaneous ptots capable of supplying 
the wants of the aborigines is not unimportant in connection with anthropological 
research, especially in regard to the range of tribes, whether stationary or migra¬ 
tory, whilst the possession by some of the tribes of cultivated plants foreign to the 
countries they inhabit affords evidence that may be made available in tracing their 
origin and migrations, or ascertaining their past relations to other tribes. What 
little we do know of their primitive modes of cultivation excites a desire to ascer¬ 
tain more of a phase of agiiculture which leads us hack to its very beginnings. 
The prevalence of wild fruits over the more or less wooded portions of North 
America, of which numerous examples were cited, would afford even the improvi¬ 
dent tribes a copious supply of healthy summer and autumn food to supplement 
their hsh and flesh diet; their constant recurrence to such sources of supply would 
lead them to a knowledge of the poisonous properties and powerful physiological 
action of many native plants. 

In the Old 'World, the Zeyummosts are known as economical plants, chiefly on 
account of their seeds; in America the roots of several are edible. Psoralea 
esmlenta is the ^omme blanche and pomme de yrairie of the western voyageurs, 
who derived their knowledge of its qualities from the Indians, Ampkicarpcea 
monoiea forms subterranean pods containing a single large seed. Apios tuheo'osa 
is the wild potato, ^ Sgabun ^ of the Micmac Indians, the root of which is graphi¬ 
cally described by an early writer as like a series of hens’ eggs on a string. It 
appears to have been one of the most important food plants of the Micmacs before 
the advent of Europeans, and gave its name to the place in Nova Scotia called 
Shubenacadie (sgabun acadie); ^ but, although at one time abundant, it is not 
known there now, nor is there any tradition of itb ever having been cultivated by 
the aborigines. One other leguminous plant is well known to have been not only used 
but also cultivated, by the Indians, but chiefly in the south, the kidney bean 
(Phas<^ohzs\ of which Oolumhus found planted fields in Cuba; also ^ many things 
of the country, and calabazas, a glorious sight! ^ These beans were also found 
cultivated by the Indians in Florida in 1528, and about the regions now known 
as New Mexico and Sonora, in 1535. De Soto found fields of maize, beans, and 
pumpkms near Tampa Bay; and at Caligoa (west of the Mississippi) ‘ beans and 
pampldns were in great plenty.’ Cartier (1534) found in the north—Bay of 
&asp6—abundance of maize and beans, which must have been carried from the far 
souQi and west. Father Sagard (1625) also mentions the cultivation of beans 
(fezolles) by the Indians in the Huron country; the Ilurons used a third or 
quarter part of these in their ^ succotash.’ Lescarbot describes the planting of the 
com (maize) by the Indians of Maine in hills, ^and between the kernels of corn 
they plant beans^ with various colours, which are very delicate; these, because 
iher are not so high as the corn, grow very well among it,’ Lawson, in bis voyage 
tcrCJamlina (1700-1708), says the kidney beans were here before the English came, 

' fifeabutiei potato. Acadie =? plenty here. 
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l)eing very ^pientiful in Indian corn-fields. Hudson saw (on the Hudson river) 
^great quantity of maize and beans of the last year’s growth ’ (1625). ^ 

Nuttail notices the growth of the Parted Squash on the Upper Missouri, and 
Gray and Tnimbull say it is well nigh certain that the species was cultivated m the 
Mexican and Texan countries by the aborigines. Pumplons and other Cumrhitimm 
were evidently cultivated over a wide range: Cuba, Mexico, TexaSj Yirgmia, 
Florida, Appalachian country, Upper ^lissouri, Canada, St. LawTence (Cartier), 
Lake Huron (Sagard). 

What is known of the early history and use of the Jerusalem artichoke 
(Helianthus tube}*oms) is given by Mr. Trumbull in ^ American Journal of Science/ 
Srd series, vol. xiii. pp. 349-352, and by Gray and Trumbull, yol. xxv. and xxvi. 
Grown in the Minnesota and Saskatchewan regions by the Indians, it^ must have 
been obtained by them from the valleys of the Ohio and Mississippi. Its near 
botanical ally, the sunflower (S. ammm\ was cultivated by the Hurons in their 
towns near the south-eastern point of Georgian Bay for the oil of the seeds, which 
they used for greaang their hair, as well as for food (Champlain, Sagard, 1610-1636). 
Gray and Trumbull believe that this also must have been obtained from beyond 
the JMississippi, and some degrees farther south. 

The hop {Hitmuhis lupultis), although undoubtedly indigenous to America, 
and abundant in our North-West, being a common plant in Manitoba, is not known 
to have been used for any purpose by the aborigines; neither was the true potato 
(Solarium tvherosum^i a native of Ohili, cultivated by North American Indians, 
although its aboriginal ctiltivation had extended as^ far north as New Granada. 
Fa§sifiora incarnata was cultivated for its fruit in Tirginia. 

In a recent endeavour to trace the northern limit of the wild grape vine in 
British America, no evidence was found of its having been cared for by the abori¬ 
gines, but rather an indication that before the settlement of the country its range 
as a spontaneous plant may have been more extensive than now. Dr. E. L. Sturte- 
vant, however, has recently (^Botanical Gazette/ January 1884, vol. ix. p. 8) 
called attention to the occm’rence of Yitis Califomica in row'S^ near Fort Whipple, 
in Arizona, as evidence that the ancient Pueblo Indians were in habit of culti¬ 
vating it; the great variability of Yu Labrusca^ in the direction of improve 
varieties, he regards as evidence of the ancient cultivation of this species. 

Special reference was made to the papers of Professor Gray and Mr, Trumbull 
in the ^ American Journal of Science/ as sources of information. 


7. YJxhibition of Fhotograplis of Eshimo Belies: 
By Lieutenant A. W. Geeely, Z7.S.A. 


8 . Habits and Customs of ihe Inn of the Western Shore and Point Barr&iff, 
By Lieutenant P. H, Hat, U.S^A, 

The International Polar Station at Point Barrow, which I had the honour^ to 
•command, was established nine miles to the south and west of the extreme point, 
and within one mile of the village of Ooglaamie, which was the native name given to 
a small cluster of winter huts, whose population numbered about 130 souls all told. 

Noowook, or Cape, is the name given to a like village situated at the extreme 
point, and it has a population of about 150. , i -u 

These people were first visited by white men in the year 1826, vsrhen th^aunch 
of H.M.S. ^Blossom/ commanded by Mr. El^n, succeeded in reacbing Point arrow, 
and gave it the name it now hears; it was visited by several vessel engaged m the 
Franklin search from 1850 to 1854, and H.M.S. * Plover/ Captain Magui^, wintered 
in Port Mooi^s two miles to the eastward of the Point, from 1852 to 1854. They 
have been frequently visited by American whalers since, but no hm ever 
wintered at the coast north of Behring Straits since the departee of the ‘ Plover 
until the American expedition took up its quarters there, W e landed early m. 
September 1881, and the few people we found there gave us valuable assistance m 
getting our stores up from the beach; and. apart from a few cases of petty theft, 
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they showed no di^ositioa to interfere with us, hut seemed greatly puzzled to know 
what we came for. When told that we did not wish to trade, they gravely watched 
our work of scientific observation, and owing to the fact that they always found 
a man writing, they called us the Muk-pa-rah, or paper men. 

It has been made a matter of considerable discussion as to the probable length 
of time that this coast has been inhabited by the race of man, and their origin. 
From their legends, the ancient ruins alons: the coast, and the great water-course^ 
and traces that I found in excavatmg, it would appear that they are indigenous to 
the ice period, that they are contemporary with the polar hear, seal, and fox, that 
they have followed the ice-cap as it receded to the North, and were never forced to 
this inhospitable region by the dominant races. 

While excavating a shaft for the purpose of taking earth temperatures, w^e came 
upon a pair of wooden snow-goggles, of the same pattern as those w^orn by the 
people at the present time; showing conclusively that a people dwelt on these 
shores many centuries ago, under arctic conditions. 

That their ancestors did not come to this continent from Asia is not so certain, 
hut many things would go to prove that they did not. 

The language spoken hy the people along the whole arctic shore from Bhering 
Straits to Greenland is the same, with the tribal difierences that ever occur among 
a people with an unwritten language. A comparison will show that there is no- 
similarity between the language of the American Inu and the Chulcehee of Siberia^ 
hut that there is a slight similarity in some words and language of the people living 
along the shore of the Chukchee penmsula; these people use the dog only, and 
know nothing about the use of the reindeer, and their language is not that of the 
Chukchee. 

Now, if the migration had been from Asia to America, the people would in all 
probability have carried with them the most useful and valuable of their domestic 
animals, the reindeer j but there is not a domestic reindeer among the Inu of North 
America, hut we do find a few of the people who use only dogs inhabiting the 
shores of Siberia adjacent to Bhering Straits. They are of a similar physical type 
to the North American Inu, but do not wear the labret, and from their habits it 
would seem that the migration had been westward instead of eastward. 

The Inu of the western shore is superior to the generally accepted t^pe of 
Eskimo. Of loO men that we measured and weighed, the tallest was 5 feet 10 inches, 
the shortest 5 feet 1 inch, and the average weight over 150 lbs.; and we never saw 
one that could be called f<it: their fur-clad bodies and flat, lound luces give tho 
casual observer the impression that they are short and fat, but, on the contrary,, 
they are all lithe and slender, with remarkably small hands and feet, and possess 
great powers of endurance. 

There is no form of government known among them—they live in a condition of 
anarchy. There is no recognised chief and no tribal relations, no punishment Ibc 
Crimes, no ceremony at marriage, and no belief in future existence. The marriage 
relations are assumed and severed at the will of the parties interested, and often 
there is an exchange of wives, all parties agreeing. AVife-whipping is rare. 

They are kind to their children, and such a thing as strikmg one is unheard of, 
and the children in return are obedient, and as they attain maturity show the 
greatest devotion to their aged parents. 

That the race is rapidly becoming extinct is shown by the fact that in ilie 
vtilage of Ooglaamie during our stay there occurred eighteen deaths and only tw<> 
births, and in 1854 Br. Simpson states that the population of Noowook was neaily 
400 and Ooglaamie over 300, while we found the population to be 140 and 100 
respectively, 

9. Omioms and Eeligious Elfes of the Elachfeei. By S. Gr. Haliburton. 

The author considered the Blackfeet the most remarkable race in America—air 
odd oombination, thorough savages, possessing singularly distinct vestiges of a 
Th^ had cycles, or great ages, exactly similar to those of 
1 w and of tbje Hindoos, There are four of these, three of which are^ 
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passed. We are now in tlie fonrtb. A great prophet or divine being, called a- 
Napa, exists during each of these eras. The Blackfeet have also a zodiac of 
twen^-fonr constellations, something that the Aztecs did not approach m their 
imperfect zodiac. They also have the same names as we have for the Belt of 
Orion, Sirius, and the JBLyades, the latter stars in Taurus being called the Bull of' 
the Boils. They have sacred vestal vir^ns, a Lent, or sacred period of forty days, 
the time of the" occultation of the Pleiades, and festivals and rites that seem to 
belong to the civilised nations of the Old World. They have also ^ their seven 
perfect ones,’ the Pleiades, which reminds us of the ‘ seven perfect ones ’ of the 
Chinese Buddhists. 


10. Notes on the Astronoonical Gustoms and Religiotis Ideas of the 
Gholcitapia or Blachfeet Indians, By Jean L^Heueeux, 21.A, 

They observe the Pleiades, and regulate their festivals by them. At the time 
of the disappearance and reappearance of those stars are two festivals; the first, 
the solemn planting of the seed, marking the beginning of the agiicuitural season— 
the feast of Innissi«man, a festival of the men—^and Montoka, the women s festival, 
when these stars reappear. The first means the grave or binning of the seed, and 
the other ^ the meeting of the absent one.’ On the last day of the occultation, 
there is a womens festival called the Alanistamf the flag-pole dance. The vestals 
of the sun take part in this, Oean is the autumn festival, always accompanied 
by a feast of the dead. They call it Stapascan, the dance of the dead. The 
women swear by the Pleiades, and the men by the sun; the former are called ‘ the 
seven ones,’ but the word implies perfection, and therefore means ^ the seven per¬ 
fect ones.’ The calumet is always presented towards them in all sacred feasts 
with prayers for life-giving blessings. 

These stars were once seven youths guarding by night the sacred seed, and 
keeping up all night a sacred dance. Epizors, the morning star, pleased with their 
dance, transport^ them to the heavens, where they delight the stars by their 
nightly dance. The sand dance of the Male clan of warriors represents their 
celestial dance. They are called by the names of different birds. 

In the hath for purification of medicine-men, a hole in the form of a triangle is 
made; seven heated stones are placed in it, and cold water poured over it. When 
their bathing invocation is made, they pray to the Pleiades for help in curing 
bodily diseases. They have seven bones, balls, or buttons, as talismen. 

The tau cross is the symbol of healing, and their , paradise is an island in the 
Pacific where there are many sand-hills. The dead are spoken of as ‘ gone to the 
sand-hills.’ 

There was a figure found represented on stone—a circle with seven arms extended 
from it. Also, near tumuli, the figure of a man with his aims extended; from 
hand to hand is a semi-circle passing over his head. They also believe in the 
thunder bird, and hold a feast when he returns in the spring. 


11. Notes on the Kthip Sesoaiors, or Ancient Sacrificial Stone of the N,Wl 
Territory of Canada. By Jean L’Heueeux, M.A, 

The writer concluded that Hue Hue Tlapalan, or the ancient habitation in the 
North-west, which Aztec tradition pointed to, was in the Alberta district. He 
considered that they were the mound-huilders, a branch of whom extended up to 
the Saskatchewan. * In the Alberta distiict are vestiges oL this race. The niins^ of 
the Canantzi village, the Omecina pictured rocks, the graded mounds of the third 
Napa in Bow Eiver, the tumuli of Red River, the walled city of the dead in the 
Lake of Big Saudy Hill on the south Saskatchewan, and the Sesoators, or sacrificial 
stones of the country, to describe which is the object of the paper. 

The Ekmuco of the Quiche mourns over a portion of the race whom they left 
in northern TuHan. The Papul Yuh, speaking of the cult of the moming star 
among the Toltecs, states that they drew blood from their own bodies, and oifered 
it to their god Tohil, whose worship they first learned in the north. The Napa 
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traditions say that ^ in the third sun (Natose) of the age of tlie earth, on the day 
of the Bull of the Hill; the third Napa of Ohokitapia, or the plain people (the 
name of the Biackfeet) when returning from the great riyer of the south, caused to 
he erected in the sacied land of the Napas (Alberta district) upon certain high 
hills of the country, seven sesoators, or sacrificial stones, for religious purposes 
among his people.’ The traditions of the Blackfeet have always pointed to a high 
hill situated on the south-ea&t side of the Ited Eiver, opposite to Handhill, two 
miles east of Brokenknife lidge, as the site of one of their ancient relics. 

Elevated 200 feet above the surrounding plain Keldp Sesoators (the hiU of the 
Blood Sacrifice) stands like a huge pyramidal mound, commanding an extensive 
^iew of both Beer Biver and Bed Eiver valleys. A natural platform of 100 feet 
crowns its summit. 

At the north end of this platform is the sesoators, a boulder of fine grained 
■quartz ore, hemispheroidal, and hewn horizontally at the bottom, measuring 15 
inches in height and 4 feet in circumference. Upon its surface are sculptured, half an 
inch deep, a crescent moon with a star over it, two small conical basins about 
2 inches in diameter, one in the centre of the star-like figure, and the other about 
7 inches, in a straight line with it, and around these hieroglyphic signs resembling 
those of the Davenport stone and the Oopan altar. lutervv^oven all over aie 
numerous small circlets, resembling those on the sacrificial stones in Mexico. At 
times of great public necessity or trouble, offerings are made, by deputies of the 
family clan, the tribe, and in certain emergencies, of the whole nation. The warrior, 
dressed in war costume, ascends the moimtain alone, and awaits the rising of the 
morning star. "When it appears he falls prostrate and prays; he then lays a finger 
of his left hand on the stone and cuts it off. He then presents the finger towards the 
morning star, saying, * Hail, 0 Epizors! Lord of the night, hail I Hear me, re» 
^rd me from above I To thee 1 give of my blood, I give of my fiesh 1 Glorious 
is thy coming, all powerful in battle, Son of the Sun, I worship thee! Hear my 
prayer, grant me my petition, 0 Epizors! ’ He then puts the finger into the basin 
on the star-like figure, and haring dressed the wound in a neighbouring lake, he 
returns to the vilkge, where he is received with rejoicings. This sacrifice ranks 
even above wounds in battle in honour, and is with the red man his Cross of the 
Legion of Honour. 


12. Bace Elejne^iis of fJie Malagasy. By 0. Stauiland Wake, MA,L 

An examination was made of the Bev. L. Dahleb arguments in support of the 
hypothesis that Madagascar was first occupied hy East African tribes, who, after 
being subjugated by Malayo-Polynesian peoples from the East, became mixed with 
them, forming the present Malagasy; and that the Hova were later Malay 
emigrants who took possession of the interior of the island, which had previously 
been occupied by African tribes. Reasons were given for doubting the African 
origin of the early inhahitanta of Madagascar, particularly the Vazimba, who 
differed little from some of the other Malagasy, although they may have had 
a Negrito element.^ Pacts were mentioned to prove that the Vazimba were a 
numerous people inhabiting the interior of the island, and that the Hova were 
descended from them, although probably affected by Arab blood, The other 
Malagasy belong to the same ancient stock as the Melanesians, hut with the 
addition of a sti’ong Mongoloid element. 


13. Notes on EesearcTiPs as to American Onghis, By Hyde Clarke. 

The author reviewed the papers which he had contributed on American Origins 
to the British Association and other societies, and stated the result of his investi¬ 
gations in their present development. 

Withont entering into any defined statement as to the intercourse between the 
^d Western hemispheres in the earlier epoch of gesture language, he 
mlto^it from various facts. The ideographs were also of the early epoch. The 
inventabn of speech, which took place in the Eastern hemisphere, and was trans- 
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mitted to the Western, created a great psychological and historical moluiion. 
With this latter epoch we can connect the numerous phenomena of language, 
culture, and mythology, the resemblances of which have been so long noted and by 
so many authors. 

The adaptation of a phonetic sj^stem to ideas expressed by gesture, as explained 
by Mr. Clarfie in the ^ Transactions* of the Association, depended on the full applica¬ 
tion by himself of the observations of Mr. Alfred E. Wallace, that in many 
languages the mouth, tooth, and nose are severally represented by labials, dentals, 
and nasals. These are applied primarily and secondarily, &c., in series, as from 
mouth, eye, ear, sun, moon, egg, hlood, eat, speak, &c., and with various con¬ 
ventional and symbolic meanings. The resemblances amoug languages did not 
depend on descent from one primeval language, but on the propagation of 
languages based on one phonetic and psychologioal system. Of srich resemblances 
be instances that of Yahgan of Tierra del Fuego to West Africa (British Associa¬ 
tion, 1883). He recaEed that the ancient geographical nomenclature of America 
in names of monntaiiis, rivers, lakes, and towns not unfrequently corresponded wi& 
that of the Old World. The animal names were of common origin, with the muta¬ 
tion of tapir with elephant, puma with lion tiger, llama, with horse. 

The mythology or fetisliism as dhown by the Bribii of Central America was in 
conformity with an identical origin. 

A variety of facts of common propagation had to be accounted for, and although 
intercourse across Behring’s Straits and the Pacific would partially explain, there 
must have been direct and continual intercourse across the Atlantic, assisted by the 
currents. 

He rejected the geological hypothesis of an Atlantis extending across the 
ocean and now submerged, but considered the traditions in the Dialogue Timseus 
in Plato to represent broadly the antecedent conditions. America had come under 
the dominion of an Atlantis or Great King of the West, with territories also in 
Mauritania, Spain, and the Britains. Ms defeat in naval contests in the Western 
Mediterranean by the leading kmgs of the East was a sufficient cause for the 
cessation of intercourse with America, The legend of the sinking of Atlantis, and 
that of the filling up of the ocean with mud so as to make it impassable, were mere 
excrescences on the legend, but had friscinated most students* If we treated the 
elephants mentioned in the Timseus as tapirs, and the horses as llamas and beasts 
of burden, not dealing with tbe detail of legend too strictly, then the legend itself, 
freed from impossibilities and inconsisteneies, acquired consistency. 

Mr. Clarke, in combination with that of the Atlantis, dwelt on the legend of the 
Four Worlds as showing a former knowledge of the configuration of the Americas 
in the ancient world. 

According to his investigations the languages and culture of America are not 
of local growth, but imparted by a higher race at tbe period of the foundarion of 
like institutions in tbe Eastern world. The differences he assigned to distinct 
development ehiefl.y consequent on the breaking off of intercourse. 


W£JjDmJ3DAT, SMPmMBUn 3. 

The following Papers were read:— 

1, On the Lapidary Sculptures of ilie Dolmens of the MorHhan, 

By Admiral F. H. Teemutt. 

The author described in detail a number of the sculptures whdeh were found in 
tbe Dolmens of the Morbihan. About eighty of these sculptures had been found, 
invariably on the interior surfaces of the capstones and their supports* They are 
circumscribed within an area of about a dozen mil^, near to the sea coast, beyond 
which, although megalithic monuments are very numerous, there is a complete 
absence of tbe sculptures. The author considered that the implements used by the 
carvers were made of stone, and described the manner in which he hims elf had 
made experiments with pieces of chert. 



924 


BEPOKT —1884, 


2. An Account of small Flint Instruments found henealli Feat on the 
Fenniiie Chain, By R. Law and Jameb Hobseall. 

The authors believed that these were the smallest fiiut implements over dis¬ 
covered in England. They were probably carving-implements, some of them being 
not more than one inch in length and a quarter of an inch in breadth, and bearing 
a strong resemblance to the graving-tools now used. 

3, On the Frmary Divisions and Geographical Distribution of ManJcind, 
By James Dallas, F,L,8, 

The views brought forward in this paper originated in an attempt to appreciate 
the divisions and distribution of man suggested by Professor Huxley. It is pro¬ 
posed to separate the various races of mankind into three primary groups, the 
Leucochroi, represented by the white European, &c.; the Mesocbroi, represented 
by the Mongolian and American races, ; and the Melanochroi, of which the 
negroes and negritos are regarded as typical. 

With reference to the last, there exist certain facts tending to prove the former 
presence of negi*o-like races in north-eastern Africa and in Arabia, and with these 
it appears probable that the Dekkan tribes of India may be genetically connected. 
Many of the points of agreement between the Papuans, the Negritos, and the 
Aiistralians and the Afdcan negroes, are very striking, and it might, from the 
evidence before us, be assumed that these and their allies formed branches of one 
great family. No very great changes of physical geography would he required to 
account satisfactorily for the necessary migrations, whfie to the northward of the 
assumed region of the Melanochroi the Himalayas and other natural boundaries 
form a line heyond which the group is not to he met with. The distribution of 
certain mammals, and particularly of the old-world monkeys, supports the view as 
to the contmuity and isolation of the re^on assigned to the Melanochroic races, of 
which the negroes of Africa and the negritos of the Southern Islands probably 
preseni two tolerably pure developments, while the Australians appear to have 
Been influenced in language, and to some extent in blood, by contact with the 
Malays. 

To the Leucoeliroie group may he referred the Adno of Yesso, certain fair races 
inhabiting the neighbourhood of the Amour in Eastern China, and other Chinese 
races, as well as the ordinarily accepted Caucasian nations. Perhaps the great 
central plateau of Asia, so ably described to the Association two years ago by 
Sir R. Temple, had been the oiuginal seat of the Leucochroic peoples, whence they 
had spread westwpd as far as the Briti^ Isles. Geographical considerations were 
in favour of this view, while the distribution of existing mammals, and particularly 
of the true wolves, seems to indicate a natural contmuity of the region. 

The recognised Mongol, the American Indian, the Eskimo and their allies, are 
regarded as lorming the Mesochroic group, hut there appears also to be strong 
evidence in favour of including the Basks of %Vestern Europe in the group, while 
a curious and hitherto unexplained affinity has been traced between the Basks and 
certain mixed races of North Africa. As to the original seat of the Mesochroic 
group of peoples, it would he difficult to hazard a suggestion, but it may be sup¬ 
posed that at one time or another they occupied the whole of America. In 
Europe and Asia they appear to have had an extension corresponding to that of 
the extinct rhinoceros, while the agreements between the Bask and the North 
American Indian, and the existence of a rhinoceros in America, east of the Rocky 
Mountains, might be regarded as evidmice (though doubtless insufficient evidence) 
of the former existence of the much-disputed Atlantis. 


4 Wotes on some Tribes of Kew SoiitJi Wales, By A. L. P. Cameboit. 
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ADDRESSES PRESENTED TO THE ASSOCIATION. 

mOM THE MAYOR AXB ALDERMEM OF MONTREAL, 
[Presented Augdst 27 .] 

To the President and Memhers of the British Association for the Advancement 

of Science, 

Gentlemen, —It is with no cominoii pleasure that we, the Mayor and Alder¬ 
men of Montreal, welcome to this city and to Canada so distinguished a body as 
the British Association for the Advancement of Science. Already, indeed,*^ not 
only here, but throughout the length and breadth of the land, that welcome has 
been pronounced with a heartiness to which we are proud to add the confirmation 
of formal expression. 

During the last two years, and especially since the acceptance of omr invitation 
made it a certainty, your coming amongst us has been looted forward to as an 
event of deep and manifold importance to the Dominion. 

■ ^ Aware of the devotion with which the Association had, for more than half a 
century, applied itself to the object indicated in its name, and Jbnowing that its 
present membership comprised the most eminent of those noble students and in¬ 
vestigators who have made the search after truth the aim of their lives, we could 
not fail to perceive that Canada would gain by the presence of observers and 
thinkers so exacl^and so unprejudiced. Nor ivere we without hope that in the 
vast and varied expanse of territory which constitutes the Dominion, our learned 
visitors would meet with features of interest that should be some compensation for 
so long and wearisome a journey. 

Here, in that great stretch of diversified region between the Atlantic and the 
Pacific, the student of almost every branch of science must find something worth 
learning; whilst for certain sections of the Association, there are few portions of 
the world in which the explorer is more likely to be gratified and rewarded. 

throughout tMs broad domain of ours^rock and herb, forest and ]jraii*ie, 
lake and river, air and soil, with whatever life, or whatever relic of life in past 
ages they may severally contain, afford to the diligent seeker of knowledge various 
and ample scope for research. Nor to the student of man, as a social and political 
being, is there less of opportunity for acq^uiring fresh facts and themes for reflec¬ 
tion in a young commonwealth like this. 

We flatter ourselves that here you will find a people not unworthy of the 
great races from which it has sprung, and that on your return to the mother land, 
you will be able to speak with satisfaction, from your own experience, of our federal 
system, our resources, our agriculture, our maniuactures, our commerce, our insti¬ 
tutions of learning, our progress, and our destinies. 

You have come, and we place our knd, ourselves, and all we are and have at 
your disposal. We bid you hearty welcome, and, in so honouring ourselves, we 
only ask you to consider yourselves at home, remembering that you are still on 
British soil. 

In conclusion, Mr, Preddent and Gentlemen, we sincerely hope that your stay 
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in tHs portion of Her Majesty’s Empire may be as happy and as fruitful to the 
Association as it is grateful, for so many reasons, to tlie people of Montreal and of 
the Dominion, 


FROM THE ROYAL SOCIETY OF CANADA, 

[Peesbnted August 27.] 

To the Fresident and Council of the BritiBh Association for the Advancement 

of Science, 

Mt Loises JlKD GEiTTLEMUisr, —^The Eoyal Society of Canada greets with cordial 
welcome the membeis of your Association on the occasion of its first yisit to the 
American Continent, and lejoices to find among those who have accepted the invi¬ 
tation of the citizens of Montreal, so many names renowned as leaders in scientific 
research. 

The Eoyal Society of Canada, which is a body recently organised, and in the 
third year of its existence, includes not only students of natural history and natural 
philosophy, who make up together one-half of its eighty members, but others 
devoted to the history and the literature of the two great European races, who are 
to-day engaged in the task of building up in North ^Vmerica a new nation under 
the shelter of the British Masr. 

Eecognising the fact that material progress can only be made in conjunction 
with advancement in literature and in science, we hail your visit as an event destined 
to give a new impulse to the labours of our own students, believing at the same 
time that the great problems of material nature, not less than the social and political 
aspects of this vast realm, will afford you subject for profitable study, and trusting 
that when your short visit is over, you will return to your native land wdth Hndly 
memories of Canada, and a confidence that its growth in all that makes a people 
good and great is secured. 


FROM THE MAYOR, CORPORATION, AND CITIZENS OF QUEBEC. 

[Peesented August 30.] 

To the President and Members of the British Association for the Advancement 

of Science. 

Mt Loed GE^TTLEacEjr, —^It is with the greatest ploasuie that I welcome 

you in the name of the Coi^oration and Citizens of Quebec to the Capital of our 
Province. Your Association demands universal respect and esteem, since its 
object is the promotion of science, which has ever done so much for humanity. 

For a lengthened period labour, which is the law of our nature, was chiefiy a 
physical activity, an exertion of the body more than of the mind. 

Science has wrought a radical change in this respect. By subjecting the hidden 
powers of nature to the will of man, it has enabled him to substitute their energies 
for his own physical strength. The very wheat which enters into the composition 
of man’s daily bread, was for thousands of years crushed with his own hand, and 
the same primitive process yet prevails in lands where practical science is unknown; 
for to its teachings and results are we indebted for those gigantic mills, in which 
a few enlightened minds, having the forces of water and steam under their intelli¬ 
gent command, do better and g[uicker work than millions of arms in bygone ages. 

Thanks to the resfults of science, the humblest individual of modern times may 
possess comforts which a few centuries ago were denied to princes. We are in¬ 
debted to it for those wonderful developments in the arts and manufactures which 
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have placed within the reach of the most limited income products which all the 
wealth of Croesus could not have sufficed to give him. 

Science, in a word, has raised the standard of living of humanity, and who 
dare venture to prescribe its future ? 

But, gentlemen, science has effected something more marvellous yet, and of 
still greater utility to mankind. It has removed distances, united continents, and 
brought nations together. Of this no better proof need be asked than your pre¬ 
sence here to-day. To whose mind would it have occurred to bnng your" Associa¬ 
tion to Canada, when it requii'ed five days to travel from London to Liverpool, 
and several months to cross the ocean ? Quebec is nearer London now, than the 
latter was to Edinburgh a century ago. If the residence of the Queen was to-day 
at Yancouver, Jeannie Deans could go there to beg her sister’s pardon, in less time, 
and with less fatigue, than when she found it necessary to travel ffom the heart of 
Midlothian to Eichmond Park. 

Who, that has followed the progress of science during the last half century, 
witnessed the marvels which it has produced, and enjoyed the riches which it has 
unearthed, would not wish to live for fifty years more, just to see what new 
victories it will achieve for us diuring that period? 

Nothing, gentlemen, is more conducive to the progress and diffusion of science, 
than associations like yours, composed of all those who contribute to its progress 
by their discoveries, or their works, or who manifest an interest in its proceedu^ 
by pecuniary encouragement. ■ It spreads its conquests everywhere, and contributes 
to new discoveries and higher aims, by bringing togetlier from time to time, those 
who range themselves beneath its banners. 

Our country is yet too young to possess an Association like yours. The cares of 
daily life, and the constant struggles against the obstacles which nature has thrown 
in our way, engro^ too much of our attention. We have not that leisure which 
is necessary for scientific research on a very extended scale. But we appreciate it 
none the less, and science has amongst us some worthy representatives. 

We esteem it a very great honour that you have this year selected our country 
as the scene of your great scientific assembly. Our only regret is, that our own 
city was not chosen. But we cherish the hope that this” selection has only been 
postponed for a very few years. And if, in the near future, when the trip from 
Liverpool to Quebec will be a matter of some five days only, when progress in the 
art of ship-building, or discoveries of medical science, will have rendered sea-sick¬ 
ness a thing of the past, your Association will think fit to hold its annual meeting 
on Cape Diamond, you may rest assured that a most hearty welcome will await you. 


FROM TEE CITIZENS OF OTTAWA, 

[Feesented August 30.] 

Gentlemen of the Briiish Associatmn for the Advaneement of Sdeme, 

I have the honour,’-in the name of the citizens of Ottawa, to offer to you a most 
hearty welcome to this, the capital city of the Dominion of Canada, ana to assure 
you of the pride and satisfaction with which we seize the opportunity so happEy 
afforded us of extending our hospitality to representatives of perhaps the foremost 
and most distinguished scientific ^dy in the world. ♦' 

Our city falls far short in population and resources of some other cities of the 
Dominion, but we should not willingly yield to any in the honour we pay to the 
august name and beneficent cause of science. 

The A^ociation, gentlemen, of which you are, members, represents that cause 
in all its breadth and universality. It stands for the whole '^ientifie movement of 
the age., It is committed, therefore, to no narrow views or partial interpretations, 
but exists as a powerful agency for uniting the forces of science, for checking the 
* Read by the Chairman of the Reception Committee. 
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results obtained in one field of labour by those arrived at in another, and so pro¬ 
moting the discovery of truth and the harmonious development of the human 
mind. 

We recognise in science so pursued, and so brought to bear upon the problems 
of the age, the great friend and ally of the human race, its liberator from error, 
its guidtTto higher and nobler conceptions of the coiistitiitioii and government of 
the universe, its chief helper in improving, not only the material basis, but the 
whole structure of our civilisation. Teaching us in the first place -y^hat is, it 
enables us to leam what ought to be, by exhibiting the relations existing between 
the different objects of its study, the "different elements of human life and its 
environment. 

We honour the Association to which you belong for the perfect freedom from 
all trammels, whether of patronage or of prejudice, with which it pursues its noble 
ends. Your aim is not to hold truth captive, hut to set her free, that her blessings 
may be poured forth on all mankind. 

And while it is true that science, like literature and art, is of no country, and 
while our homage is due to all who worthily represent it, in whatever nation, or 
kindred, or tongue, we do not hold it amiss to express towards you, gentlemen, a=? 
members of the British Association for the Advaneement of Science, those warmer 
feelings of regard and interest which community of race and flag, which a common 
loyalty to one Government, should naturally inspire. Your standing as men of 
science is unaffected by the question of nationality, hut to us, as Canadians and 
subjects of Her Most Gracious Majesty Queen Victoria, there is that in the British 
name which will always stir the deepest feelings of our hearts. 

Allow me furthear to say that we hail with peculiar satisfaction the holding for 
the first time of a meeting of your Association in this part of the British dominions, 
and that we hope the present occasion will not be the last of its kind, but will 
prove the precursor of other similar visits, and lead to a closer intellectual inter¬ 
course than has heretofore prevailed between Canada and the Mother country. 

Our city is before you. Whatever it contains of worth or interest, it shall be 
our pleasure this day to bring under your notice. We regret that your stay among 
us is to be so brief; but we are confident that, brief as it may be, it will not be 
without much profit to us; and we can only hope that it will furnish to you here¬ 
after some matter for kindly and pleasant recollection. 


FMOM THE MAYOR AXD CORROEATIOH OF TORONTO. 

[PEESE^*Tr;D Septembee o.] 

To the Right Honoiirahh Lord Rayleigh, F.R.S., President of the British Associa^ 
tionfor the Admncement of Bcmice. 

Mr Lokb. —On behalf of her citizen'^ the Mayor and Corporation beg to tender 
to tbe members of the British Association for the Advancement of Science, and 
to yom'self as their distinguished President, a hearty welcome to the City of 
Toronto. 

We have no doubt, that since your arrival in Canada you have already had, 
in your progress to the West, many evidences brought before you of that sound and 
flourishing system of trade and commerce; of that enterprising spiiit in the pro* 
motion of mechanical and useful manufactures; and above all, of those well- 
developed principles of agricultural industry, which are the groundwork of the 
material prosperity of every commonwealth. 

Inferring, therefore, with pleasure to your introduction to these different ex¬ 
positions of Canadian progress and industiy, we have a peculiar pride in introducing 
to Toronto as the principal seat of learning in this province, and we would 
Jkik hope that your visits to the institutions which have been reared in so worthy 
a wOl tend to show that a good foundation has been laid in our iiniversities, 
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Otar scliools, our institutes, and our public library, as the last addition, for placing 
tbe attainment of sound education, useful knowledge, and scientific researcb within 
the reach of every class of society, from the lowest to the highest. 

We conclude with the hope that your visit to Toronto may prove in every way 
a pleasurable and agreeable one. 


FROM THE PRESIDENT OF THE ST. GEORGE'S SOCIETY 
(MONTREAL), 

[Peesented Septembee 3.] 

Me. Peestdbnt and Associates,— It has fallen to my lot, as representing St. 
George’s Society of this city, to tender you a hearty welcome to our shores, and 
to couple it with the hope that the event which has called you together may he 
productive of much good to yourselves, and he the means of maMng the world 
wiser and better. It may not be out of place to say a few words for your informa¬ 
tion in reference to the society which I have the honour of representing. It was 
founded fifty years ago, so that it is one of the oldest (if not the oldest) of our 
national societies, by a few benevolent and charitably disposed Englishmen, for the 
purpose of affording material aid and counsel to poor English immigrants in this 
country; it has existed to the present day, doing its work with varied success, and 
endeavouring to carry out the intentions of its foimders. It knows neither creed, 
politics, or colour in its work, and the only qualification it is necessary for the 
needy stranger to have to entitle Mm to its benefits is, that he he an Englishman. 
Allow me again to welcome you, and to express the wish that w'hen the purpose of 
yourself and confreres has been accomplisbed, you may return in safety to the dear 
old land, the home of our fathers, with renewed health and strength, so that you 
may be enabled to carry on to greater perfection the important work you axe 
engaged in. 


APPENDIX II. 


FOUNDATION OF A MEDAL AT THE McGILL UNIYEBSITT, 
MONTEEAL, IN COMMIMOEATION OF THE VISIT OF 
THE BEITISH ASSOOIATIOH TO CANADA. 

During the meeting of the British Association at Montreal, it occurred to some 
of the members that the foundation of a prize at the McGill University would be 
a not inappropriate memorial of the visit, and a slight acknowledgment of the 
generous hospitality with which the Association had been greeted in the Dominion 
of Canada. The idea, once started, was warmly espoused by the members in 
Montreal; it was agreed to provide funds for the award of a medal, and of a sum 
of money as an exhibition, yearly, for proficiency in Applied Science, that subject 
being without any special prize in the University, and one which seemed cognate 
to the purposes of the Association. Lord Kayleigh, President of the Association, 
kindly undertook to act as treasurer, and Messrs. W. Topley and H, T. Vood 
gave their services as secretaries. The Sub^ription list, commenced at Montreal, 
has continued open to the present time, with the result annexed. At the general 
meeting held in London on November 12,1884, the Council proposed that the ex¬ 
pense of procuring a die for the medal should be provided out of the funds of the 
Association, and the amount subscribed transmitted to tbe authorities at Montreal 
through its officers; this proposal was cordially approved by tbe General Committee. 
1884 .. 3 0 
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It was furtlaer decided by the Council, on February 3, that a medal should be 
offered for competition to the students of the McGill University during the present 
academical year, the cost of which should be charged to tlie capital account, and 
the officers were empowered to take steps to procure a die of appropriate design 
for the medal. 


LIST OF suBsaniBims, 

The Bight Ho^t, LORD RAYLEIG-II, D.O.L., LL.D., F.B.S., Tresideut 
of the British Association. 

^ ^ . f W. TOPLEY, F.G S., Geological Survey Office, 28 Jermyii Street, S.W. 

Bim^becretaries tBUEMAK WOOD, M.A.. Society of Arts, Adelplri, W.C. 
HOAEE, 37 Fleet Street, E.C. 


£ 8. d. 

Adams, Prof. John Couch, 3I.A., 

LL.D., F.B.S., F.R.A S. 2 2 0 

Adams, Rev. Thomas, M.A. ... I 10 

Allen, Rev. George ... 1 1 0 

Andrew, Mrs... 0 10 0 

Armstrong, Robert B. .. 110 

Vtchison, Arthur T., M.A. 1 1 0 

Backhouse, W. A. 3 0 0 

Baker, Benjamin, MJnst.O.E... 3 0 0 

Ball, Robert Stawell, M.A., 

LL.D., F.R.S., F,R.A.S. 10 0 

Bali, Valentine, M.A,, F.R.S., 

F.G.S. 2 2 0 

Barlow, Miss Constance A. 0 10 G 

BaiTCtt, Prof. W. F., F.R.S.E., 

3I,R.IA,F.0.8.. 0 10 0 

Bar'?tow, Miss Frances A. 2 0 0 

Bather, Francis Arthur . 10 0 

Bauerman, H., F.G.S. 3 0 0 

BajTies, Robert E., 3I.A. 110 

Beaufort, W. 3IoiTis, F.R.A.8., 

F.R.G.S., F.R.M.S., F.S.S. ... I 0 0 

Bedford, James .. 0 10 6 

Bedson,rrof.P.P.,D.Sc.,F.aS. 110 
Bennett, Alfi'cd W., 3I.A., B.Sc., 

F. L.S. 10 0 

Bemiocb, Francis. 3 10 

Bevan, Rev. James Oliver, M.A, 0 10 0 
Bickerdike, Rev. John, M.A.... 0 10 0 
Blake, Prof. J. F., 31.A., F.G.S. 10 0 
Blanford, W. T.,LL.D., F.R.S., 

Sec. G.S., F.R.a.S. 10 0 0 

Blomefield, Rev. L., 3I.A. 1 1 0 

Blyth, Miss Phoebe.. 0 10 0 

Bonney, Prof. T. G., D.So., 

LL.D., F B.S., F.S.A., Pros. 

G. S. 5 0 0 

Botly, William. 1 1 0 

Bourdas, Isaiah . 1 1 0 

Bourne, Stephen, F.S.S. 1 0 0 

Boyle, R. Vicars, 0.8.1. 110 

Brady, Henry Bowmixn, F.R.S., 

F.L.S., F.G.S. 110 

Brai?awell, Sir Frederick J., 
Ui.D.,F.R.S.,Pres. InstO.E. 10 0 0 
Brlifea, Arthur.. 10 0 
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Brownie, Robert Clayton, juii. 

\ 

0 

0 

Buchanan, John IL, M.D. 

Buckmastcr, Charles Alexander, 

1 

1 

0 

M.A., F.O.S. 

1 

1 

0 

Burton, Frederick 3L, F.G.S.. 
Butcher, William Deane, 

1 

1 

0 

3LR.C.S.Eng. 

I 

1 

0 

Butteiw’orth, W. 

1 

1 

0 

BjTOin, John R. 

I 

3 

0 

Oalcy, A. J. 

0 10 

G 

Campion, Rev.William 31, D.D. 

2 

0 

0 

Capper, Robert... 

Carpenter, 3Vil]iam Lant, B.A., 

1 

1 

0 

B.So., F-C-S. 

Oarruthers, 3?illiam, F.R.S., 

3 

1 

0 

F.L.S., F.tf.S. 

1 

1 

0 

Carver, Rev. Canon, D.D. .. 

3 

3 

0 

Carver, 3Irs. 

1 

1 

0 

Carver, Arthur W... 

Chatterton, George, M.Iiist.C.E. 
CheadlP, W. B., M.A., M.D., 

1 

1 

0 

1 

1 

0 

F.R.G.S. 

1 

1 

0 

Chxnery, Edward B’. 

1 

1 

0 

Clowes, Prof. F., D.Sc., B\C.S.. 

I 

1 

0 

Cooke, Conrad W. ... 

1 

1 

0 

CotterilljProf. J. H., 31A.,F.R.8. 

I 

1 

0 

Oraigie, Blajor P. G. 

1 

3 

0 

Crampton, Thomas Russell. 

r> 

0 

0 

Crewdson, Rev. George . 

1 

0 

0 

Cunningham, Prof. D. J.. 

I 

I 

0 

Cushing, Thomas, F.R.A.S. 

DaHingor, Rev. W. H., l^L.D., 

1 

1 

0 

F.R.S., F.L.S. 

1 

1 

0 

Danby, T. W., M.A., F.G.S. ... 
Darwin, Prof. George Howard, 

1 

1 

0 

M.A., F.R.S., P.R.A,S. 

Dawkins, Prot W. Boyd, 1I.A., 

1 

0 

0 

1?.?. S., F.G.S., F.S.A. 

.3 

0 

0 

De Hamel, Egbert . 

2 

2 

0 

De Laune, 0. De L. Faunce ... 

3 

0 

0 

Denham, T.^ 

1 

0 

0 

Denman, Thomas W. 

Dewar,Prof. James,3I.A.,F.R 8. 

1 

X 

0 

L. & E.!. 

3 

0 

0 

Dillon, James, O.E.... 

1 

0 

0 

Dixon, Harold B., SLA., B\CB. 

1 

1 

0 
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Dobson,6.E., 3I.A., M.B., F.E.S. 



Herschel, Colonel J.,B.E.,F.R S. 

2 

2 

0 

F.Ij.S.... 2 

2 

0 , 

Hewfcon, Thomas .. 

2 

2 

0 

Bounflass, Sir JamesM.Inst. 



Hicks, Prof. W. M., M.A. 

1 

0 

0 

C.B. 2 

0 

0 

Hill, Kev. Edv,-in, M.A., F.G.y. 

2 

0 

0 

Dove, Hiss Frances. 2 

10 

0 • 

Hoadley, J. C. 

1 

1 

0 

Dowson, Joseph Emerson. 1 

1 

0 

Hobbes, R. G. 

0 10 

0 

Edgell, Pb. Arnold. 1 

1 

0 

Hodgson, George.. 

1 

1 

0 

Edmonds, F. B. 1 

0 

0 

Hooper, John P. 

1 

1 

0 

Edmunds, James, M.D. 1 

1 

0 

Horniman, F. J. 

5 

o 

0 

ElHott, E. B., H.A. 1 

1 

0 

Hovenden, F., F.L.S. 

2 

0 

0 

Emery, Albert H. 1 

1 

0 

How'ard, James Fielden, 31.D., 




Emmott, Charles. 1 

0 

0 ; 

3LR.C.S. 

1 

1 

0 

English, J. T... 1 

0 

0 ! 

: Hudson. Prof.Wm. H. H..31 A... 

1 

1 

0 

English, Mrs. R. A. 0 10 

I 

! Hughes, George Pringle, J.P.... 

1 

1 

0 

Eunson, Henrv J. 1 

0 

0 i 

Hull, Prof. E., FR.S. 

1 

1 

0 

Faiilding, Joseph. J 

1 

0 

Hurst, Walter .. 

0 

10 

0 

Ferguson, Alexander A. 3 

3 

0 

Jackson. A. H... 

0 10 

6 

Fewdngs, James, B.A., B.Sc. ... 0 10 

0 

Jones, Georsre Oliver, 31.A ... 

1 

0 

0 

FitzgeraldjProf .George Francis, 



Jones, J. Viriamu, M.A., B.Sc. 

1 

1 

0 

M.A., F R.S. 1 

0 

0 

Jones, Bev. HaiTV, 31.A. 

5 

0 

0 

Forbes, George, i\I.A., F.R S.E. 1 

1 

0 

Jones, Thomas Rupert, F.R.S., 




Foster, Clement Le Neve, B.A., 



F.G.S. 

1 

1 

0 

D.Sc., F.G.S. 1 

1 

0 

Kevmer, John . 

1 

0 

0 

Fox, Miss A. M. 1 

1 

0 

Kinahan, G. Henr%% 3IR.I A.... 

1 

1 

0 

Fox, Howard .. 1 

1 

0 

i Kinch, Edward, F.C.S. 

1 

0 

0 

Foxwell, Prof. Herbert S., M,A. 1 

1 

0 

King, Rev. Herbert Poole . 

1 

1 

0 

Frankland, Prof. Edward, M.D., 



King, Joseph... 

1 

1 

0 

D.C.L., Ph.D., F.R.S. 10 

0 

0 

King, Joseph, jun. 

1 

1 

0 

Fremantle, Hon. C. W. 1 

1 

0 

King, Kelburne, 3I.D.. 

2 

2 

0 

Fuller, Rev. A... 1 

0 

0 

Kirsop, John. 

1 

1 

0 

Gallon, Captain Douglas, C.B., 



Ejiubley, Rev. B. P. 

1 

1 

0 

D.C.L., LL.D., F.R.S., F.L.S., 



Lambert, Rev. Brooke, LL.B.... 

1 

1 

0 

F.G.S,, F.E.G.S. .ao 

0 

0 

Lamborn, Robert H.‘ 

1 

1 

0 

Gardner, Henry Dent. 0 10 

6 

La Trobe Bateman, John Fre¬ 




Gaye, Henry S., M.D. 1 

1 

0 

derick, 3I.Inst.C.E., F.R.S., 




Gilbert, Prof. Joseph Henrv, 



F.G.S., F.R.G.S. .. 

«> 

0 

0 

Ph.D., F.E.f4., F.C.S. 2 

0 

0 

Lawson, Prof. George, Ph.D., 




Gladstone, John Hall, Ph.D., 



LL.D... 

1 

1 

0 

F.R.S., F.C.S.. 10 

0 

0 

Leach, John .. 

1 

1 

0 

Gladstone, Miss .\ « 



Leahy, John VTiite, J.P.. 

1 

0 

0 

Gladstone, Miss E. A. 

iU 

u 

Lefroy, General Sir John 




Glaisher, James, F.R.S., F.R.A.S. I 

1 

d 

Henrv, C.B., K.C.M.G., R.A., 




Glen, David Corse, F.G.S....... 1 

1 

0 

F.R.S., F,B.G.S. 

r> 

0 

0 

Goodwin, Prof. W. L. 1 

0 

0 

Lemon, James, il.Inst.C.E.. 

1 

1 

0 

Greenhill, Prof. A. G., 5I.A. ... 1 

0 

0 

Liveing, Prof. G. D., 31.A., 




Griffith, B. J.. 1 

1 

0 

F.R.S., F.C.S. .. 

6 

0 

0 

G^yther, B. F.. M.A. 1 

1 

0 

Lodge, Prof. Oliver J., D.Sc.... 

1 

1 

0 

Haddon, Prof. Alfred Cort,B.A., 



Longstalf, George Bhmdell, 




F.Z.S. 1 

1 

0 

:iLA., M.B., F.C.S. 

5 

D 

0 

Hall, Prof, James..... 2 

2 

0 

Louis, D. A., F.C.S. 

0 

10 

6 

Hallett, T. G. P., M.A. 5 

o 

0 

Lubbock, Sit John, Bart., M.P., 




Harcourt, A. G. Vernon, MA.., 



D.aL., LL,D., F.B.S., Pres. 




LL.D., F.B.S., F.aS. 3 

0 

0 

L.S,, F.G.S. 

1 

0 

D 

Harmer, F. W., F.G.S. 2 

0 

0 

Lumsden, Miss Louisa limes... 

2 

0 

0 

Haxmer, Sydnes^ F., B.Sc.. 1 

0 

0 

Macadam, Stevenson, I^h.D., 




Harris, Miss Katherine E. 0 10 

6 

F.R.S.E., F.C.S... 

1 

1 

0 

Hayes, Bev. W. A., H.A. 0 10 

0 

MacAllster, Donald, 31. .i., M.D., 




Hayward, Robert Baldwin, M. A., 



B.Sc. ... 

I 

1 

0 

F.R.S. 1 

1 

0 

MacAndrew, James J.... 

2 

2 

0 

Henderson, A, L.... 1 

1 

0 

McKendrick, Prof. John G., 




Hemic!, Prof. Claus M. F. E., 



M.D., F.R.S.L. & E. 

1 

1 

6 

Ph.D.,F.R.S... 1 

1 

0 

Macmillan, Prof. Dr. A. 

1 

1 

0 
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£ s, d. 

M‘Nab, Prof. W. Bamsay, M.D. 110 
llaggs, Thomas Charles, F.G.S. 110 

Mann,F. S.W. 5 0 0 

Hartin, Prof. H. Newell. 110 

Martin, John Biddulph, F.S.S. 10 0 0 

Mason, B. 0 10 0 

Mello, Bev. J. M., M.A., F.O.S. 110 

Menuell, Henry J. 2 2 0 

Miller, Mrs. Hugh, and Mr. 

Mclver F. M. Campbell. 1 0 0 

Mitchell, Charles T. 1 1 0 

Morley, Henry Forster, M.A., 

I).Sc.,F.aS. 1 0 0 

Moseley, Prof. H.N.,M.A.,F.B.S. 3 3 0 

Muirhead, Henrv, M.D. 2 2 0 

Muller, Hugo, Ph.D.,F.B.S, ... 1 0 0 

Muspratt, Edward Knowles ... 5 0 0 

Neild, Theodore . 1 1 0 

O’Halloran, J. »S. 1 1 0 

Oliver, Samuel A. 1 1 0 

Ommanney, Admiral Sir Eras¬ 
mus, C.B., F.B.S., F.R.A.S., 

F.B.G.S. 5 5 0 

Orpeii,Cax)tain Bichard T.,B.B. 110 


Paget, Joseph . 

5 

0 

0 

Pearson, John ... 

Perkin, William Henry, Ph.D., 

1 

0 

0 

F.B.S., Pres. C.S. 

5 

5 

0 

Peyton, J.E.H., F.B.A.S., F.G.S. 

1 

1 

0 

Pickard, Eev. H. A., M.A. 

Playfair, Bight Hon. Sir Lyon, 
K.O.B., Ph.B., LL,D„F.B.a, 

1 

1 

0 

M.P. 

10 

0 

0 

Plimpton, B. T., M.D. 

Polwhele, Thomas Eoxburgh, 

1 

0 

0 

M.A., F.G.S. 

1 

3 

0 

Postgate, Prof. J. P., M.A. 

Preeoe, William Henry, F.B.8., 

1 

1 

0 

. M.Inst.C.E. 

5 

0 

0 

Prevost, Major L. A. 

1 

1 

0 

Price, Peter ... 

1 

1 

0 

Pullar, Bobert, F.B.S.E. 

5 

0 

0 

Pullar, Bufus D., F.C.S. 

Bamsay, Prof., Ph.D. .. 

J 

0 

0 

1 

0 

0 

Bavenstein, E. G., B\B.G.>S. 

Eayleigh, The Bight Hon. Lord, 
M.A., D.C.L., LL.D., F,B.S., 

1 

1 

0 

F.B.A.S., F.B.G.S. 

10 

0 

0 

Beid, Arthur S., B.A., F.G.S.... 

3 

0 

0 

Beinold, Prof. A. W.,M.A.,P\E.S. 
Beynolds, Prof. Osborne, M.A., 

1 

1 

0 

F.B.S..,,.. 

1 

0 

0 

Bigg, Aithur.. 

1 

0 

0 

Bobberds, Bev. John, B.A.. 

2 

2 

0 

Bobbins, John, F.C.S.... 

2 

2 

0 

Bobinson, Bichard Atkinson ... 

0 

10 

0 

Bogers,Bev. Canon Saltren,M. A. 
Boscoe, Prof. Sir H. E., B.A., 

1 

0 

0 

FKD., LL.D., F.B,S., F.C.S. 
The Eight Hon. the Earl 
, ‘«aA;, DC.L„LL.D., F,B.S., 

10 

0 

0 

.. 

5 

0 

0 


£ - 9 . d, 

Bussell, George. 1 1 o 

Salt, Shirley H. 2 2 0 

Sandeman, Archibald, M.A. ... 1 0 0 

Sanderson, Prof. J. B , F.U.S. 1 l o 

Saunders, Howard, F.L S. 1 1 o 

Saunders, Trelawncy W . 1 1 o 

Saunders, . 1 i q 

Schafer, Prof. E. A., F.R.S., 


. J J 

Sclater, Philip Lutlev, M.A., 

Ph.D., F.B.S., F.L.S!, F.G.S., 

F.B.G.S., Sec. Z.S. 1 1 0 

Scott, Arthur William, M.A. ... 10 0 

Sedgwick, Adam, M.A. 2 2 0 

Shadwell, John L. 1 i o 

Shadwell, Lionel L... 1 1 0 

Shaw, J’rof. H. S. Hele. 1 0 0 

Smith, I’rotheroe, M.D, ......... 5 5 0 

Smith, Bobort Idackay . 1 1 0 

Sollas,Prof .W. J. ,D. Sc”,F.B.S. E., 


Sorby, Thomas W. 2 2 0 

Southall, John Tertius. 110 

Sprague, Thomas Bond, BI.A., 

. 7 IG 0 

Stanley, William Ford, F.G.S.... 2 0 0 

Strong, Henry J., M.D. 1 1 0 

Stmthers, Prof. John, M.D. ... 2 2 0 

Strutt, Hon. Bichard . :} g o 

Summers, Alfred. 1 o 0 

Swales, W. 0 10 G 

Swinglehnrst, H. 1 i o 

Symes, Bicharcl Glassoott, jM.A., 


Tale, Alexander . X o 0 

Taylor, Bev. Charles, D.D.. 5 0 0 

Taylor, Miss S... 1 o 0 

Temple, Sir Richard, Bart., 
G.aS.r.,C.I.E.,D.C.L.,LL.D., 

F.K.G.S.. 5 0 0 

Thomas, T. H. 1 o 0 

Thompson, Prof. Silvanus Phil¬ 
lips, B.A., D.Se., F.R.A.S. ... 1 1 0 

Thomson, James, P.G.S. 10 0 

Thomson,Prof.SirWilliam,M.A., 


Thomson, William J. 1 o 0 

Thm’ston, Prof. E. H. 2 0 0 

Tilden, Prof. William A., D.Sc., 


.. 2 U U 

Tillyard, A. I, M.A. 10 0 

Topley, William, F.G.S., Assoc. 

Inst.C.E. 110 

Tribe, Wilberforce . 1 0 o 

Trotter, Bev. Coutts, M.A. r> 0 0 

Tuckett, Francis Fox.. g 0 0 

Turner, G, S.. X 1 o 

Tylor, Edward Burnett, D.O.L., 


F.B,S. 


3 3 0 
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£ t. d. 

TJnwin, IVilliam . 1 1 0 

Vansittart, Hon. Mrs. 2 3 0 

Yeley, V, H., B.A., F.CS. 1 0 0 

Ward, J. Wesney. 1 1 0 

^yatts, Rev. R. E.. 1 0 0 

Wedekind, Prof. L,Ph.D. 10 0 

Weldon, Walter, F.E.S.L. & E., 


Wellcome, Henry S. 5 o 0 

Wells, Ptev. Edward, B.A. 1 1 0 

Welsh, Miss . 1 1 0 

Westgarth, William. 5 0 0 

Wethered, Edward, F.G.S. 10 0 

Whidborne, Rev. George F., 

M.A., F.G.S. 3 0 0 

Whitalier, Thomas.. 1 1 0 

Whitaker, William. B.A.,F.G.S. 110 
White, Rev. George Cecil, M.A. 0 10 0 
White, William. 110 


£ s, d, 

Whitwill, Mark. 2 0 0 

Williams, John, F.O.S. 110 

Williamson, Prof. Benjamin, 

M.A., F.R.S. 10 0 

Williamson, Miss E. H.. 1 0 0 

Wilson, Br. B. ... 2 2 0 

Wilson, T. 1 0 0 

Wimvood, Rev. H. H., M.A., 

F.G.S... 5 0 0 

Wood, H. Trueman, M.A. ...... 1 1 0 

Woodall, John W. 10 0 0 

Woodward, C. J., M.A., B.Sc. 1 I 0 

Wrentmore, Francis. 110 

Wright, Rev. Arthur, M.A. 110 

Wright, E. Abbot. 2 2 0 

Wrightson, T. .. 110 

Wynne, Arthur Beevor, F.G.S. 10 0 
Young, Sydney, D.Sc. X 0 0 


Total amount subscribed up to March 25—£572 75. Od. 


Dr. 


TREASBRER-S STATEMENT (March 3). 


Or. 


£ s, d. 

To Cash paid to Messrs. Hoare 

& Co. 559 U 6 

„ , paid to Mr. Watt, of 

Montreal . 7 2 0 

Mr. Hobbes’subscription lost in 

transmission.. 0 10 6 


By paid Printer at Montreal... 
„ per Mr. Stewardson for 

issuing circulars .., 

„ Bank cbai*ges. 

„ Trounce (printing) ... 

„ Richards (stationery). 

„ Postage—H. T. Wood. 

„ „ W. Topley... 


£ s. d. 
5 0 0 

15 15 0 
0 7 5 
7 19 0 
5 9 0 
12 0 
0 18 0 


£567 7 0 


31 10 6 

By Balance available .. 532 16 7 


£567 7 0 
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[JL« a.^hT737i (‘^■) s:gnifies that 7io ahstmct of the commtinicaiwh is gin.•;.! 


O BJECTS and rules of the Association, 
xxiii. 

Places and times of moeting*, names 
of officers, from commencement, xxxii. 
List of former Presidents and Secretaries 
of Sections, xxxix. 

List of evening lectures, liii. 

Lectures to the Operative Classes, Iv. 
Officers of Sectional Committees present 
at Montreal, Ivii. 

Treasurer’s account, lix. 

Table showing the attendance and re¬ 
ceipts at annual meetings, lx. 

Officers and Council for 188i-8o, Ixii. 
Keport of the Council to the General 
Committee at Montreal, ixiii; supple¬ 
mentary report, Ixvii. 
Becommendations adopted by the General 
Committee at Montreal; involving 
grants of money, Ixix; not involving 
grants of money, Ixxii; communica¬ 
tions ordered to be printed in exienso, 
Ixxiv; resolutions referred to the 
Council for consideration, and action 
if de&irahle, ixxv. 

Synopsis of grants of money appropriated 
to scientiiic puqDOses, Ixxvi. 

Places of meeting in 1885 and 1886, 
Ixxvii. 

General statement of sums which have 
been paid on account of grants for 
scientific purposes, Ixxviii. 

General meetings, hraviii. 

Address by the President, Prof. Lord 
Bayleigh, M.A,, D.C.L., P.E.S., &c., 1. 

Abel (Sir F.) on x^atent legislation, 293. 
Abney (Capt. W. de W.) on the best 
methods of recording the direct inten¬ 
sity of solar radiation, 28; on meteoric 
dust, 38; on the present state of onr 
knowledge of spectrum analysis, 295; 
on wave-length tables of the spectra 
of the elements, 351. 

Absorption, the mechanism of. Prof. E. 
A. Schafer on, 783. 

Acadian and Scottish glacial beds, points 
of dissimilarity and resemblance be¬ 
tween, B. Bichardson on, 722, 


[ Acadian basin, the, in American geologTi 
, L. W. Bailey on, 717. 

I Acadian fauna, the geological age of the, 
by G. F. Matthew, 742. 

^Accidents at sea, the prevention of, 
Adm. J. E. Commerell on, 897. 

Adams (F. D.) on the occurrence of the 
Norwegian ‘ apatitbringer ’ in Canada, 
with a few notes on the microscopic 
characters of some Laurentian amphi¬ 
bolites, 717. 

Adams (Prof. J. C.) on the harmonic 
analysis of tidal observations, 33; 
^ note on Newton’s theory of astro- 
: nomical refraction, and on bis expla¬ 

nation of the motion of the moon's 
apogee, 645. 

Adams (R. C.),the phosphate industry of 
Canada, 853. 

Adams (Prof. W. G.) on standards for 
use in electrical measurements, 29. 

Addresses presented to the Association 
in Canada, 925. 

Africa, Central, maps of, down to the 
commencement of the seventeenth 
century, E. G. Bavenstein on, 803. 

j *- ^ Eastern, Mr. Joseph Thomson’s 

recent exploration in, a communica¬ 
tion on, by Gen. Six J. H. Lefroy, 802. 

-South, the geology of, Prof. T. E. 

Jones on, 736. 

^Agricultural implements, D. Pidgeon 
on, 896. 

Agricultural resources of Nova Scotia, 
Maj.-Gen. Laurie on the, 849. 

Agricultural resources of Ontario, by J. 
Carnegie, 848. 

i Agriculture, British, the position and 
! prospects of, by Prof. W. Fream, 847. 
i —, British and Canadian, by Prof. J, 

, P. Sheldon, 847. 

I A. K., the trained Indian explorer, the 
! remarkable journey of, on the frontiers 
I of India and China, by T. Saunders, 803. 

I ^Alexander (Dr. W.) on the physiology 
j of therapeutics of the chloral hydrate 
I and amesthetics generally, 785. 
j America, British North, a search in, for 
lost colonies of Northmen and Portu- 
I gnese, by B. G. Haliburton, 810. 
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America, North, the eozoic lockh of, by 
Dr. T. Sfcerry Hunt, 727 

_,_, and the eafetern side of the 

Atlantic, the former connection be¬ 
tween, Pi of W. Boyd Dawkins on, 812. 

American Jurassic mammals, Prof. O. C. 
Marsh on, 734:. 

American origins, notes on researches as 
to, by Hyde Clarke, 922. 

American permanent way, J. M. Wilson 
on, 593, 

American trotter, the production and pro¬ 
pagation of the, and classification oC 
the spermatozoa and ova, Dr. W. 
McMonagli on, 783. 

Amiurus, the function of the air-bladder 
and its relation to the auditory organ 
in. Prof. R. R. Wiight on, 778. 

Amiurus (siluridas), sensory nerve-sacs in 
the skin of, Prof. R R. Wiight on, 777. 

Ammen (Rear-Adm. D.), recent improve¬ 
ments in apparatus and methods ior 
sounding ocean depths, 629. 

•Analysis situs* of thrcediraensional 
spaces, Prof. W. Dyck on the, 018. 

Anatomical variations, Prof. Shepherd 
on, 779. 

Aidmals and plants of India, the, which 
are mentioned by the early Greek 
authors, V. Ball on the identity of, 762. 

^Anthracite burning locomotive of 
America, the, by J. D. Barnett, 890, 

Anthropological discoveries in Canada, 
hy 0. A. Hirschfeldor, 915, 

Anthropological Section, Address by Dr. 
E. B. Tylor to the, 899. 

Anthropometric Committee, report of the 
Committee for defraying the expenses 
of completing the preparation of the 
final report of the, 279; observations 
on eyesight, by Mr. C. Roberts, %b ^; a 
scale of physical proportions lor life 
insuiance and recruiting, by Mr. G. 
Roberts, 232. 

•Apatitbringer,’ the Norwegian, the oc¬ 
currence of, in Canada, E. D. Adams 
on, 717. 

Apatite deposits of the i^rovince of Que¬ 
bec, G. C. Brown on the, 716. 

♦Aquatic breathing, remarks on the pro¬ 
blem of, by Prof. MoKendrick, 783. 

♦Arboriculture, scientific and practical, 
the application of, in Canada, Prof. 
Brown on, 865. 

Archasan rocks of Great Britain, Prof. T. 
G. Bonney on the, 529. 

Archibald (Prof. E, D.), an account of 
some preliminary experiments with 
Biram’s anemometers attached to kite- 
wires, 639; *on rhe recent sun-glows 
aad halo in connection with the erup- 
tio^n of Krakatoa, 641. 

Atefcio eaiperienoos at Point Barrow, hy 
liieut. P. H. Bay, 808, 


Armstrong (Prof. H. E) on chemical 
nomenclature, 30; on isomeric naph¬ 
thalene derivatives, 74. 

^Articulations, some doubtful or inter¬ 
mediate, H. Hale on, 918. 

Aspinall (J. A. F ) and A. IMcDonncll on 
English locomotive cngiiicoriug, 890. 

Assimilation of atmospheric nitrogen by 
plants, Prof.W. 0. Atwater on the, 686. 

Aston (T.) on patent legislation, 293. 

♦Astronomical refi action, New ton’s theory 
of, Prof. J. 0. Adams on, 645. 

Atchison (A. T.) on x)atent legislation, 
293. 

Atkinson (E.), What makes the rate of 
wages I 824. 

Atwater (Prof. W. 0.) on the assimilation 
of atmospheric nitrogen by plants, 686. 

♦Australia, W. H. Caldwell on the pro¬ 
gress of his investigations hi, 768. 

-, Central, Charles Winnecke’s explo¬ 
rations in, J. O’Halloraii on, with 
notes on the employment of camels, 
812. 

Automatic sounder, an, by J. Dillon, 807. 

Automatic sprinklers for fire extinction, 
by C. J. H. Woodbury, 804. 

Ayrton (Prof) on standards for use in 
electrical measurements, 29. 

Bacteria on the surface of coins, note on 
the occurrence of, by Prof. L. Elsberg, 
766. 

Bailey (L. W.) on the Acadian basin in 
American geology, 717. 

♦Baily’s experiments on the mean density 
of the eaith, some irregularities de¬ 
pending on temperature in, l*rof. W, M. 
Hicks on, 632. 

♦Baker (B.), the Forth bridge, 884. 

Ball (Prof. R. S.) *on a model of the 
cylindroid, showing the nodal line, 
646; *on a systematic research for 
stars with a measurable annual paral¬ 
lax, and its results, 654. 

Ball (V.) on the mode of occurrence of 
precious stones and metals in India, 
731; on the identity of the animals and 
plants of India which are mentioned 
by the early Greek authoiN, 762. 

♦Banking system of Canada, the, by H. J. 
Hague, 868. 

Barlow (W. H.) on the best means for 
facilitating the adoption of the metric 
system of weights and measures in 
Great Britain, 27; on patent legisla¬ 
tion, 203. 

♦Barnett (J. D.), the antliracito burning 
locomotive of America, 890. 

Banington (R. M.) on the migration of 
birds, 266. 

♦Bartlett (J. H.) on heating bxiildings by 
steam from a centra.! source, 891. 

Bassins hydrographiques du Dominion 
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Oriental, note siir quelques, by Eev. 
Abbe LafianiEne, 810. 

Bate (C. Spence) on the geographical dis¬ 
tribution of the macnirous Crustacea, 
753. 

*Bateson (W.) on the presence in the 
JBnteropneuHta of a structure compar¬ 
able with the notochord of the Clior- 
data, 7S2. 

Beck (Mr.) on the determination of a 
gauge for the manufactui’e of various 
small screws, 287. 

Becker (Miss L.) on the teaching of 
science in elementary schools, 2S3. 

Beddoe (Dr.) on the facial characteristics 
of the races and principal crosses in 
the British Isles, 204. 

Bell (Dr. E,.), the forests of Canada, 856. 

Bemrose (J.) and Prof. G. P. Girdwood, 
preliminary notes on a blue-colonring 
matter found in certain wood under¬ 
going decomposition in the forest, 
689. 

BenNevis, meteorological observations on, 
report of the Committee for co-operat¬ 
ing with the Directors of the Ben Xevis 
Observatory in making, 36. 

Bennett (A. W.) on a vegetable organism 
which separates sulphur, 785. 

Bickmore (A. S.) on the Jessop Collec¬ 
tion, to illustrate the forestry of the 
United States, intheNew YorkJsatural 
History Museum, 778. 

*BiU 3 xy concretions, Dr. G. Harley on 
the, 783. 

Biological Section, Address by Prof. H. K. 
Moseley to the, 746. 

Bii'am’s anemometers attached to kite- 
wires, an account of some preliminary 
experiments with, by Prof. E. D. Archi¬ 
bald, 639. 

Blackfeet, customs and religious rites of 
the, by B. G. Haliburton, 920. 

Blackfeetindians, the Chokitapia or, notes 
oh the astronomical customs and reli¬ 
gious ideas of, by J. L’Heureux, 921. 

Blake (Prof. J, F.), first impressions of 
some pre-Cambrian rocks of Canada, 
728. 

Blanford (W. T.), Address by, to the 
Geological Section, 691. 

Blood, the coagulation of, Prof. H. X. 
Martin and W. H. Howell on, 774. 

Blood of Limulus pclppJi^mus, P. Gotch 
and J. P. Laws on the, 774. 

Blue-colouring matter, a, found in certain 
wood undergoing decomposition in 
the forest, prelinunary notes on, by 
Prof. G. P. Girdwood and J, Bemrose, 
689. 

"^ones and muscles, the comparative 
variableness of, G. B. Dobson on, with 
remarks on unity of type in variation 
of the origin and insertion of certain 


muscles in species unconnected by 
unity of descent, 767. 

Bonney (Prof. T. G ) on the erratic blocks 
of England, IVales, and Ireland, 219; 
on the Archaean rocks of Great Britain, 
529. 

Borneo, North, by E. P. Gueritz, 805. 

Borns (Dr, H.) on the inconveniences of 
the present mode of quoting scientific 
journals, 6.56. 

Bos primigeniiL-^, the direct descendants 
of, in Great Britain, some observations 
on, by G- P. Hughes, 772. 

Bottomley (.T. T.) on loss of heat by 
radiation and connection as affected by 
the dimensions of the cooling body, 
and on cooling in vacuum, 62;». 

Bourne (A. G.), report on the occupation 
of the table at the zoological station 
at Naples, 254. 

Bourne (S.) on the teaching of science in 
elementary schools, 283; the inter¬ 
dependence of the several portions of 
the British Empire, 851. 

Bowditch (Prof. H. P.) on vaso-motor 
nerves, 776. 

Bows, unusual coloured, observed in fogs, 
an account of, by P. Burton, 656. 

Brabrook (Mr.) on the expenses of com¬ 
pleting the preparation of the final 
report of the Antliropometric Com¬ 
mittee, 279; on the facial character¬ 
istics of the races and principal crosses 
in the British Mes, 294. 

BramweU (Sir F. J.) on the determination 
of a gauge for the manufacture of 
various small screws, 287; on patent 
legislation, 293; Address by, to the 
Mechanical Section, 875. 

Brigg (J.) on the exploration of the Ray- 
gill fissure in Lothersdale, Yorkshire, 
240. 

British agriculture, the position and pro¬ 
spects of, by Prof. W. Fream, 847. 

British and Canadian agriculture, by Prof • 
J. P. Sheldon, 847. 

British Commercial Geographical Society, 
the, about to be founded on the pro¬ 
posal of Commr. Y. Lovett Cameron, 
808. 

British. Empire, the, in North America and 
in Australasia, by W. Westgarth, 835. 

_, the interdependence of the several 

portions of the, by S. Bourne, 851. 

♦Brown (Prof.) on the application of 
scientific and practical arboriculture 
in Canada, 855, 

Brown (Prof, Crum) on meteorological 
observations on Ben Nevis, 36; on 
chemical nomenclature, 39. 

Brown (G. C.), the apatite deposits of the 
province of Quebec, 716. 

Brown (Dr. J.) on the destruction of 
town refuse, 896. 
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Branlees (J.) on patent legislation, 2QX 
Buchan (A.) on meteorological observa¬ 
tions on Ben Nevis, 36. 

Buckland (Miss A. W.), facts suggestive 
of prehistoric intercourse between east 
and west, 916. 

Buolaiey (Mr.) on the determination of a 
gauge for the manufacture of various 
small screws, 287. 

Budden (H. A.) onthecoalsof Canada, 713. 
*Enrt (Mrs.), female emigration, $66. 
Burton (P.), an account of unusual 
coloured bows observed in fogs, 656, 

Calcium sulphide and sulphocarhonate, 
y. H. Yeley on, 677. | 

Caldwell automatic microtome, remarks 
on the, 777. 

Caldwell (ir. H.) ’*'on the fcetal mem¬ 
branes of the mai-supials, 768; on 
the progress of his investigations in 
Australia, id. 

^Cameron (A. L. P.), notes on some 
tribes of New South Wales, 921. 

Cameron (Commr. V.JL.) on the British | 
Commercial G-eographioal Society about i 
to be founded on his proposal, SOS. 
Canada, anthropological discoveries in, 
by 0. A. Hirschfelder, 916. 

population, immigration, and pau¬ 
perism in, by J. Lowe, 866. 

* -, the application of scientific and 

practical arboriculture in, Prof. Brown 
on, Soo. 

^-, the banking system of, by H. J. 

Hague, 868. 

* -, the climate of, and its relations to 

life and health. Dr. W. H. Hingston 
on, i So. 

-, the coals of, H. A. Bndden on, 713. 

, the commercial relations of, with 
Spain and her colonies, by A. de Max- 
coartu, 870. 

-, the economic minerals of, the 

' occurrence, localities, and output of, W. 
H. Merritt on, 719. 

-- , the fisheries of, by L. Z, Joncas, 

854. 

--, the forests of, by Dr. E. Bell, 856. 

--by Dr. J. B. Hurlbert, 872. 

-, the lighthouse system of, W. Smith j 

on, 891. j 

—, the phovsphate industry of, by E. C. } 
Adams, 853. 

-, the post office savings hank system 

of, by J, C, Stewart, 834. 

Canadian and British Agriculture, by 
Prot J. P. Sheldon, 847, 

^Canadian finance, by J. McLennan, 841* 
Canadian forest trees, the distribution 
J>i^/^|,,.by A* 1*. Drummond, 855. 

Pacific, railway, V. Smith on 

coals, English and Amen- j 


can, the structure of, E. Wethered on, 
741. 

Carhutt (E. H.) on patent legislation, 203. 

’^'Caidew (Capt.), a new volt-meter, 893. 

Cardiac nerves of the turtle, Prof. H. 
Kronecker and Dr. T. W. IMills on the, 
776. 

Carnegie (J.), the agricultural resources 
of Ontario, 8-18. 

Carnelley (Prof, T.) on the colour of 
chemical comiroimds, 6SS. 

Carpenter (Dr. P.H.) on the geographical 
and bathymetrical distribution of the 
crinoidea, 758. 

Carpenter (W. L.) and Prof. Balfour 
Stewart on certain short periods com¬ 
mon to solar and terrestrial meteoro¬ 
logical phenomena, 634. 

Oarpmaol (A.) on patent legislation, 29.3. 

Carpmael (C.) on an inducLion ijiclino- 
metcr adapted for photograjfinc regis¬ 
tration, 635. 

Census of India, the first general, by T. 
Saunders, 804. 

*Cerium, aredetermination of the atomic 
weight of, H. Eobinson on, 681. 

* Changes of volume, demonstration of * 
an apparatus for recording, by Prof, E.^ 
A. Schafer, 783. 

Chemical aspect of the storage of power 
Prof. E. Frankland on the, 673. 

Chemical changes in their relations toy^ 
micro-organisms, by Prof, B. Frank-® ^ 
land, 681., ^ 

Chemical compounds, the colour of, Prof! 

T. Carnelle on, 688. r 

’^Chemical equilibrium, an example of, A.,. 
Yemon Harcourt on, 671. 

Chemical nomenclature, second report * 
on, 39. 

Chemical Section, Address by Prof. Sir^ 
H. E. Eosooe to the, 659. 

Chemistry of the natural silicates, Prof, 
T. Sterry Hunt on the, 679. 

^Children, Dr. C. S. Minot on the growth 
of, 786. 

Chitonidse, the presence of eyes and other 
sense organs in the shells of the. Prof. ^ 
H. N. Moseley on, 780. 

^Chlorine, the manufacture of soda and, 
W. Weldon on, 679. 

OhoMtapia or Blackfeet Indians, notes 
on the astronomical customs and re¬ 
ligious ideas of the, by J. L’Heufcux, 
921. 

Chrystal (Prof.) on standards for use in 
electrical measurements, 29, 

Clark (L.) on the determination of a 
gauge for the manufacture of various 
small screws, 287. 

Clarke (Maj.-Gen. Sir A.) on the erosion 
of the sea-coasts of England and 
Wales, 238. 

Clarke (Hyde), prospective prices in 
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Europe, America, and Asia, 8G8; ob¬ 
servations on the Mexican zodiac and 
astrology, 916; notes on researches as 
to American origins, 922. 

Clarke (W. E.) on the migration of birds, 
266. 

Clark’s standard cells, Prof. Lord Bay- 
leigh on, 651. 

Claypole (Prof. E. IV.), Pennsylvania be¬ 
fore and after the elevation of the 
Appalachian mountains, 71S ; on some 
remains of fish from the Upper Silurian 
rocks of Pennsylvania, 733. 

’^’Climate of Canada, the, and its relations 
to life and health. Dr. W. PI. Hingston 
on, 785. 

’^^Climates of the eastern and western 
hemispheres, a comparison of the, by 
Dr. J. B. Hurlbert, 807. 

Coagulation of blood, Prof. H. K. Martin 
and W. PI. Howell on the, 774. 

Coalfields, Kova Scotian, a comparison 
of the distincti’rc features of, bj^ E. 
Gilpin, jun., 712. 

Coals of Canada,PI.A.Buddenon the, 713. 

♦Coal-tar colouring matters, Dr. ’W’. H. 
Perkin on, 078. 

Coast signals, improvements in. Sir J. N. 
Douglass on, 584. 

♦Colours of thin plates, Prof, Lord Tlay- 
leigh .on the, 051. 

Commercial relations of Canada with 
Spain and her colonies, A. de Mar- 
ooartii on the, 870, 

♦Commerell (Adin. J. E.) on the preven¬ 
tion of accidents at sea, 897. 

Complex inorganic acids, Prof. W. Gibbs 
on, 669. 

Conocoryphean, the primitive, bj^ G. E. 
Matthew, 743. 

Continuity, liistorical note on, by Eov. 
Dr. C. Taylor, 645. 

Cooke-Taylor (II. W,), the Factory Acts, 

. 853. 

Cooling in vacuum, J. T, Bottomlcy on, 
623. 

“Co-ordinate of a point, the oxi)ression 
of the, in terms of the potential and 
line of force at the point, Prof. \V. M, 
Hicks on, 049. 

Co-ordinating centres of Kronecker, 
demonstration of the, by Dr. T. W. 
Mills, 776. 

Cordeaux (J.) on the migration of birds, 
26G. 

Craigie (Major P. G.) on the production 
and consumption of meat in the United 
Kingdom, 841. 

Cretaceous and eocene series, the rela- 

- tive ages of the American and the 

^ English, J. S. Gardner on, 739, 

Crinoidea, the geographical and bathy¬ 
metrical distribution of the, Dr, P. H. 
Carpenter on, 758. 


Crompton (E.) on the determination of a 
gauge for the manufacture of various 
small screws, 287. 

Crosskey (Dr. H. W.) on the circulation 
of underground waters, 96 ; on the 
erratic blocks of England, Wales, and 
Ireland, 219 ; on the teaching of science 
in elementary schools, 283. 

Culverwell (E. P.) on the discriminating 
condition of maxima and minima in 
the calculus of variations, 649. 

Cunningham (Prof. D. J.) on the value 
of nerve-supply in the determination 
of muscular anomalies, 768. 

'^Curtin (J.) on anyths of the Modoc 
Indians, 910. 

Cushing (F. H.) on the development of 
industrial and ornamental art among 
the Zunis of New Mexico, 914. 

Cylindrical slide rule or calculating ai^- 
paratus, descrii>tion of a, hy E. Thaclier, 
656. 

♦Cylindroid, a model of the, showing the 
nodal lino, Prof. E. S. Ball on, 646. 

Dallas (J.) on the }pnmary divisions and 
geograplucal distribution of mankind, 
924. 

♦Dallinger (Bev. Dr.) on a method of 
studying the behaviour of the germs 
of septic organisms under changes of 
temperature, 785. 

Dana (Prof. J. D.) on the southward 
ending of a great synclinal in thc- 
Taconic range, 729. 

Darwin (Prof, G. H.) on the harmonic 
analysis of tidal observations, 33. 

Davis (J. W.) on tbo exploration of the 
Baygill fissure in Lothersdale, York¬ 
shire, 240. 

♦Davis (R. F.), a geometrical theorem in 
connection with the thrce-cusi^ed hy^JO- 
cycloid, 649. 

Dawkins (Prof. W. Boyd) on the erratic 
blocks of England, Wales, and Ireland, 
219 ; on the former connection between 
North America and the eastern side of 
the Atlantic, 812; the range of the 
Eskimo in space and time, 898. 

Dawson (Bir W.) on the more ancient 
land floras of the old and mv? worlds, 
738. 

Day (St. L V.)„ on patent legislation* 
293, 

Deane (Dr.) on the erratic blocks of 
England, Wales, and Ireland, 219. 

De Chanmont (Prof.) on the influence of 
bodily exercise on the elimination of 
nitrogen, 265, 

De Ranee (0, E.) on the circulation of 
underground waters, 96 ; on the erratic 
blocks of England, Wales, and Ireland, 
219; on the erosion of the sea-coasts 
of England and Wales, 238. , 
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Dewar (Prof,) on chemical nomenclature, 
89 ; on the present state of our know¬ 
ledge of spectrum analj^sis, 295; on 
wave-length tables of the spectra of 
the elements, 351; *on the law of 
total radiation at high temperatures, 
623; ’•‘on the constitution of the ele¬ 
ments, 672; ’‘‘on the liquefaction of 
oxygen and the densit}^ of liquid hydro¬ 
gen, 679. 

- and Prof. Liveing, spectroscopic 

studies of explosions, 672. 

^Diamond, the ash of the, Prof. Sir H. 
E. Boscoe on, 681. 

♦Diamondiferous deposits of South 
Africa, Prof. Sir H. E. Boscoe on the, 
681. 

*Diatomaceous remains in the lake de¬ 
posits of Nova Scotia, A. H. Mackay 
on the, 783. 

Dictyospongidse, the fossil reticulate 
sponges constituting the family, Prof. 
J. Hall on, 725. 

^Diffusion of metals. Prof. W. C. Roberts 
on the, 653, 675, 

Dillon (J.), an automatic sounder, 807; 

’*‘011 flood regulators, 896. 

Dinosaurian reptiles, the classification 
and affinities of, Prof. O. C. Marsh on, 
763. 

DiBOriminating condition of maxima and 
minima ,in the calculus of variations, 
E. P. Oulverwell on the, 649. 
Dissociation, evaporation and. Prof. W, 
Ramsay and Dr. S. Young on, 675. 
Dixon (H. B.) on chemical nomenclature, 
39; on the incomplete combustion of 
gases, 671; on the velocity of ex¬ 
plosions in gases, 688. 

Dobson (G. E.) ’“on the comparative 
variableness of bones and muscles, 
mth remarks on unity of type in 
variation of the origin and insertion 
of certain muscles in species uncon- 
^ nected by unity of descent, 767; an 
attempt to exhibit diagrammatically 
the several stages of evolution of the 
mammalia, 768; on some peculiarities 
in the geographical distribution of 
certain mammals inhabiting continen¬ 
tal and oceanic islands, 770. 

Dodo, the structure and arrangement of 
the feathers in the, Prof. H. N. Moseley 
on, 782. 

^Dominion savings banks, by T. D. 
Tims, 835. 

, Dominion surveys, T. Saunders on, 807. 
^Douglas (W. A.), loans and savings 
companies, 835. 

Douglass (Sir J., N*) on the erosion of 
sea-coasts of England and Wales, 
^improvements in coast 
remarks 


Douglass (W. H.), harmonies and antago¬ 
nisms in the social forces, 869. 

Drummond (A. T.), the distribution of 
Canadian forest trees, 855. 

Dunnington (Prof. F. P.) on the action 
of sulphuretted hydrogen upon silver, 
678. 

*Dynarao-Glectric machines, some points 
in, by Prof. S. P. Thompson, 894. 

*-, the equations of, Prof, S. P. 

Thompson on, 655. 

Dyck (Prof. W.) on the * Anal 3 ’sis Situs ’ 
of threedimeiisional spaces, 648. 

Earth currents, E. 0. Walker on, 655. 

Earthquake phenomena of Japan, fourth 
report on the, 241. 

Easton (E.) on the erosion of the sea- 
coasts of England and Wales, 238. 

Echinoderms, the mutual relation of the 
recent groups of, Prof. A. I\l. Marshall 
on, 768. 

Economic Science and Statistics, Address 
by Sir B. Temple to the Section of, 
813. 

Eddystone lighthouse, the new, Sir J. N. 
Douglass on, 590. 

’“Electric circuits, safety fuses for, Prof. 
Sir Wm. Thomson on, 632. 

Electric control for an equatorial clock- 
movement, the Earl of Bosse on an, 
636. 

Electric current, the influence of an, on 
the thinning of a liquid film, by Profs. 
A, W. Reinold and A. W. Riicker, 662, 

*Bleotric lighting,, domestic, by W. 
Preece, 893. 

♦Electric railway, the Portrush, by Dr, 
A. Traill, 893. 

♦Electric tramways, by H. Smith, 893. 

Electrical measurements, report of the 
Committee for constructing and issuing 
practical standards for use in, 29. 

Electricity, an analogy between heat and. 
Prof. G. E. Fitzgerald on, 662. 

♦-, the discharge of, through gases, 

the influence of magnetism on, Prof. 
A. Schuster on, 633. 

Eleotrodynamometer, an, with extremely 
light-moving coil, for the measaremenb 
of small alternating currents, Dr. W. 
H. Stone on, 664. 

Electromotive forces, the, in the voltaic 
cell, the seat of, Prof. 0. J. Dodge on, 
464. 

♦Elements, the constitution of the, Prof. 
Dewar on, 672. 

Elimination of nitrogen, the influence of 
bodily exercise on the, report on^ 265. 

Elsberg (Prof. D.), note on the occur¬ 
rence of bacteria on the surface of 
coins, 766. 

♦Eihigration, female, hy Miss M. Eye* 

866 ., 
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* Emigration, female, by Mrs. Burt, 866. 

* . ,-, by Mrs. Joyce, 866. 

* -, Irish, by S. I'ukc, 8B5. 

English locomotive engineering,' A. 

McDonnell and J. A. F, Aspinall on, 
890. 

^Uniero}meusi€ii tlic presence in the, of 
a structure comparable with tlie noto¬ 
chord of the Chordata^ AV. Bateson on, 
782. 

Eozoio rocks of North America, the, by 
Dr. T. Steny Hunt, 727. 

Equatorial clock-movement, an electric 
control for an, Ihe Earl of Ilosse on, 
636. 

Erosion of the sea-coasts of England and 
Wales, the rate of, and the influence of 
the artificial abstraction of shingle or 
other material in that action, report 
on, 238. 

Erratic blocks of England, Wales, and 
Ireland, twelfth report on the, 219. 
Eskimo, the range of the, in space and 
time, by Prof. W. Boyd Dawkins, 898. 
♦Eskimo relics, exhibition of iDhotographs 
of, by Lieut. A. W. Greely, 919. 
Etheridge (ii.) on the fossil phyllopoda 
of the paloiozoic rocks, 75; on the 
earthquake phenomena of Japan, 211. 
Evans (Capt. 8ir F. O.) on the erosion of 
the sea-coasts of England and Wales, 
238. 

Evaporation and dissociation. Prof. W. 

Eamsay and Dr. S. Toung on, G75. 
Everett (Prof.) on standards for use in 
electrical measurements, 29. 

Explosions, spectroscopic studies of, by 
Profs. Liveing and Dewar, 672, 
Explosions in gases, the velocity of, H. B. 
Dixon on, 688. 

Eyesight, observations on, by C. Eoberts, 
279. 

Facial characteristics of the races and 
principal ctosses in the British Isles, 
report of the Committee for defining 
the, and for obtaining illustrative pho¬ 
tographs with a view to their publica¬ 
tion, 29-1. 

Factory Acts, the, by E. W. Cookc- 
Taylor, 853. 

Faunas, fresh-water, the origin of. Prof. 
W. J. fcJollas on, 760. 

^Female emigration, by Miss M. Eye, 

8G6. 

♦-, by Mrs. Burt, 866. 

^ ] 3 y Joyce, 86G. 

Fire extinction, automatic sprinklers for, 
by C. J* H. Woodbury, 894. 

^Fish, a, supposed to be of deep-sea 
origin, Eev. D. Honeyman on, 761. 

—:—, some remains of, from the Upper 
Silurian rocks of Pennsylvania, Prof. 
E. W. Claypole on, 733. 


Fisheries of Canada, the, by L. Z'. Joncas; 
854. 

Fitzgerald (Prof. G. F.) on standards for 
use in electrical measurements, 29 ; on 
an analogy between heat and elec¬ 
tricity, 652. 

Fleming* (Dr. J, A.) on standards for use 
in electrical measurements, 29. 

Flint instruments, small, found beneath 
peat on the Pennine chain, an account 
of, by 11. Law and J. Horsfall, 924. 
♦Flood regulators, J. Dillon on, 896. 

Floras, the more ancient land, of the old 
and new worlds, Sir W. Dawson on, 
738. 

♦-, insular, results of the investiga¬ 

tions of, by W. B. Helmsley, 772. 

♦Flow of water through turbines anci 
screw propellers, A. Kigg on the, 895. 
Flower (Prof.) on the facial character¬ 
istics of the races and principal crosses 
in the British Isles, 294. 

Fluxion-structure in till, by H. Miller, 
720. 

Food plants used by tlie North American 
Indians, Prof. 0. Lawson on, 918. 

Forbes (Prof. G.) ♦on the velocity of light 
of different colours, 653 ; ♦on the heat¬ 
ing of conductors by electric currents, 
894. 

Fordhain (H. G.) on the erratic blocks of 
England, Wales, and Ireland, 219. 
^Forest management, the future policy of,, 
in the United States, by F,. B. Hoxigh, 
861. 

Forest trees, Canadian, the distribution 
of, by A. T. Drummond, 855. 

♦Forestry, by Dr. J. B. Hurlbert, 872. 
Forests—their value meteorologically and 
as national reserves, by G. P. Hughes, 
860. 

Forests of Canada, the, by Dr. E. Bell, 
856. 

-, the, by Dr. J, B. Hurlbert, 872. 

♦Forth bridge, the, by B. Baker, 884. 
Fossil fishes, new and remarkable, the 
recent discovery of, in the carbonifer¬ 
ous and devonian rooks of Ohio and 
Indiana, Prof. J. S. Newberry on, 724. 
Fossil phyllopoda of the palmozoic rocks, 
second report on the, 75. 

Fossil polyzoa, fifth and last report' on,. 
97} histox'ical labours on the group, 
151; bibliography, 214. 

Fossil reticulate sponges constituting the 
family Dictyospongidte, Prof. J. Hall 
on the, 725. 

Foster (A, Le Neve) on the determination 
of a gauge for the manufacture of 
various small screws, 287. 

Foster (Dr. C. Le Neve), What is a 
mineral vein or lode ? 732; on the- 
relative dangers of coal and metal 
mining in the United ’Kingdom, 8'68. ' 
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Fostei (Prof. G. C.) on standards for nso 
in electrical measurements, 29; on the 
present state of our knowledge of 
hpectrum analysis, 205. 

Foster (Prof. M.) on the occupation of a 
table at the 5 !Ooloi» ic.d station al Naples, 
252; on the influence of botlily exer¬ 
cise on the elimination of nitrogen, 
265. 

Francis (J. B.) on the temperature of the 
interior of a block of melting ice, G57. j 

Frankland (Piof.) on chemical nomen- | 
olature, 39 ; on the chomioal aspect of | 
the storage of power, 673; chemical i 
changes in their relations to micio- 
organisms, 681. 

Fraser (Dr. W.) on natural co-ordination, 
as evinced in organic evolution, 772. 

Frasil ice, the formation of, G. H. Heii- 
shaw on, 644. 

Fream (Prof. W.), the position and pro¬ 
spects of Biitish agricuJture, 817. 

'^'Friction of jom-nals, I’rof. 0. Boynolds 
on the, 895. 

Friendly societies, notes on, bj’’ Her. G. C. 
White, with special reference to lapses 
and malingering, 869, 


Galton (Capt. D.) on the circulation of 
underground waters, 96 j on patent 
legislation, 293. 

Galton (F.) on the expenses of complet¬ 
ing tlie preparation of the final report 
of the ioithropomotric Committee, 
279; on the facial characteristics of 
the races and principal crosses in the 
British Isles, 294. 

Galvanometer with twenty wires, Ih’of. 
Lord Rayleigh on a, C33. 

Gamgee (Prof.) on the preparation of a 
bibliography of certain groujis of in- 
vertebrata, 270. 

Gardner (J. 8.) on the relative ages of 
the American and the English cretace¬ 
ous and eocene series, 739, 

Garnett (Prof. W.) on standards for use 
in electrical measurements, 29. 

Garson (Dr.) on the facial characteristics 
of the races and principal crosses in 
the British Isles, 294. 

Gas, permanent, the production of, from 
paraffin oils, Dr. 8. Macadam on, 680. 

Gases, the incomplete combustion of, 
H, B. Dixon on, 671. 

—, the velocity of explosions in, by 
H. B. Dixon, 688. 

Geographical Section, Address by Gen. Sir 
J. H. Lofroy to the, 787. 

Geography, object lessons in, by E. G. 
Bavepstein, 806. 

Geplodoal of the Acadian fauna, the, 
by m Matthew, 742, 

Geological map Monte Bomma and 


Vesuvius, notice of a, by Dr. H. J. 
Johnston-La\ is, 730. 

Geological maps, doUn’lod, the value of, 
in relation to wator-sup])ly and other 
Ijractical i|ueslions, by W. Whitaker, 
731. 

Geological Section, Address by W, T. 
Blanfordtothe, 691. 

Geological surveys oC Europe, the na¬ 
tional, leporton, by W. Topley, 221. 
Geology, North American, idau for the 
subject - bibliogra])by of, by G. K. 
Gilbert, 732. 

Geology of Halifax harbour, Nova Scotia, 
Rev. D. Ilonoyinan on the, 711. 
Geology of Palestine, the, by Prof. E. 
Hull, 272. 

t'eolog}’- of South Africa, Prof. T. R. Jones 
on the, 736. 

Geometrical theorem, n, in oonnectioii 
with the thrce-cusped iiypocycloid, by 
Ji, F. Davis, 049. 

Gibbs (Prof. W.) on \va\o-length lables 
of the spectra of the eleimmts, 351; on 
complex inorganic acids, 669. 

Gilbert (G. K.), plan for the subjeot- 
bibliograpby of North American geo¬ 
logy, 732. 

Gilbert (Dr. J. il.) and Sir J. Jb Lawos 
on some points in the composition of 
soils, with results illustrating the 
sources of fertility in Manitoba prairie 
soils, C8G, 

Gilpin (E., jun.), results of past ex¬ 
perience in gold mining in Nova Scolia* 
711 ,* a conipanson of the distinctive 
features of Nova Scotian coalfields, 
712. 

Girdwood (Prof, G. P.) and J. Bemrose, 
preliminary notes on a bluo-colouring 
matter found in certain wood under¬ 
going decomposition in the forest, G89. 
Glacial beds, Acadian and Scottish,points 
of dissimilarity and resemblance be¬ 
tween, R. Richardson on, 722. 

Glacial origin of lake basins, Dr. A. R. C. 
Selwyn on tlie, 721. 

Glacial periods, former, in the noriln‘rn 
hemisphere, the improbability that they 
wore due to eccentricity of the earth’s 
orbit, and to its winter periljclion in 
the north, W. F, Stanley on, 723, 
GladNtone (Dr. J. H.) on meteoric dust, 
38; on the teaching of scieneo in ele¬ 
mentary schools, 283 ; on lh(‘ present 
state of our knowledge of refraction 
equivalents, 074. 

Glaisher (J.) on the circulation of undci'- 
ginund waters, 90 ,* on the survey of 
Eastern Palestine, 272. 

Glazebrook (R. L) on standards for use 
iu electrical measurements, 29. 

Glow lamps, tlu^ law regulating the con¬ 
nection between current and intensity 
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' of incandescence of carbon filaments 
in, W, H. Preece on, 654. 

Gold mining in Nova Scotia, results of 
past experience in, by E. Gilpin, jnn., 
711. I 

Goodwin (Prof. W. L.) and Pi-of. D. H. I 
Marshall on the physical constants of i 
solutions, 679. 

Gotch (F.) and J. P. Laws on the blood 
of Lbmikis 2 fol^ 2 )Jtemn.% 774. 

*Graln elevators, by Y. C. Van Horn, 895. 

Grantham (P. B.) on the erosion of the 
sea-coasts of England and Wales, 238. 

Graj^ (Prof. Asa) on the characteristics of 
the North American flora, 535. 

Gray (T.) on the earthquake phenomena 
of Japan, 241. 

Greely (Lieut. A. W.), recent discoveries 
in Northern Greenland and in Grinnell 
Land, 808 ; ^exhibition of photographs 
of Eskimo relics, 919. 

Green (Prof. A. H.) on the exploration of 
the Raygill fissure in Lothersdalc, 
Yorkshire, 240. 

Greenland, Northern, recent discoveries 1 
in, and in Grinnell Land, Lieut. A. W. 
Greely on, 808. 

Grinnell Land, recent discoveries in 
Northern Greenland and in, Lieut. A. 
W. Greely on, 808. 

Gueritz (E. P.), North Borneo, 805. 

Gtinther (Dr.) on the exploration of 
Ealima-njaro and the adjoining moun¬ 
tains of Eastern Equatorial Africa, 271. 

Gy*.*ostatic working model of the mag- 
\ietic compass, a, Prof. Sir Wm. Thom¬ 
son oir, 625. 


Haddon (Prof. A. 0.) on the occupation 
of a table at the zoological station at 
Naples, 252. 

^Plague (H. J.), the banldng system of 
Oairada, 868. 

Hale (H.) on the nature and origin of 
wampum, 910; ’*‘on some doubtful or 
intermediate articulations, 918.' 

Haliburton (P. G.), a search in British 
North America for lost colonics of ■ 
Northmen’and Portuguese, 810; cus¬ 
toms and religious rites of the Black- 
feet, 920. 

Halifax harbour, Nova Scotia, the geology 
of, Pev, B. Honoyman on, 714. 

HaP (Prof. J.) on the fossil reticulate 
sponges constituting the family Bic- 
tyospongidae, 725; on the Lamellibran- 
chiata fauna of the upper Helderberg, 
Hamilton, Portage, Chemung, and Oats- 
hiU groups (equivalent to the Lower, 
Middle, and tipper Bevonian of 
Europe); with especial reference to 
the arrangement of the Monomyaria, 
and the development and distribution 


of the species of the genus Lcplodesma, 
726. 

Hallett (?.), notes on Niagara, 744. 

^Halliburton (W. B.) and Prof. E. A. 
Schlifer on the protoids of serum, 785. 

Harcourt (A. G. Yernoii) on chemical 
nomenclature, .39 ; ’^'on an example of 
chemical equilibrium, 671. 

Harcourt (L. P. Yernon) on the erosion of 
the sea-coasts of England and Wales, 
238. 

’^Harley (T>r. G.) on the biliary concre¬ 
tions, demonstrating a uniformity in 
the construction of concretions in the 
animal, vegetable, and mineral king¬ 
doms, 783. 

Harmer (S. F.) on the structure and de¬ 
velopment of loxosoma, 779. 

Harmonic analysis of tidal observations, 
report of the Committee for the, 33. 

Harrison (J. Park) on the facial charac¬ 
teristics of the races and principal 
crosses in the British Isles, 294. 

Hartley (Prof, W. N.) on the present 
state of our knowledge of spectrum 
analysis, 295; on wave-length tables 
of the spectra of the elements, 351, 

Harvie-Broun (J. A.) on the migration 
of birds, 266. 

llawksbaw (J. C.), the Severn tunnel 
railway, 884. 

Heat, the loss of, by radiation and con¬ 
vection as affected by the dimensions 
of the cooling body, J. T. Bottomley 
on, 623. 

Heat and electricity, an analogy be¬ 
tween, Prof. G. F. Fitzgerald oh, 6'52. 

’^‘Heating buildings by steam from a 
central source, J. H. Bartlett on, 891. 

^Heating of conductors by electric cur¬ 
rents, Prof. G. Forbes on the, 894. 

^Helmslcy (W. B.), result of the investi¬ 
gations of insular floras, 773. 

Henshaw (G. H.) on the formation of 
frasil ice, 644. 

Herschcl (Prof. A. 8.) on meteoric dust, 
38. 

Heywood (J.) on the teaching of scieaico 
in elementary schools, 283, 

Hicks (Prof. W. M.) ‘*‘on some irregular¬ 
ities depending on temperature in 
Baily*s experiments on the mean den¬ 
sity of the earth, 632; *^on the ex- 
I^ression of the co-ordinate of a point 
in terms, of the potential and line of 
force at" the point, 649; ’'“on the pres¬ 
sure at a point inside a vortex-ring of 
uniform vorticity, ih. 

Hill (Rev. E.) on ice-age theories, 723. 

^Kingston (Br. W. H.) on the climate of 
Canada and its relations to life and 
health, 785. 

Hirschfeldcr (0. A.), anthropological dis¬ 
coveries in Canada, 916. 
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Hoadley (J. C.), steam-engine practice 
in the United States in 1884, 886. 

Home (B. Hilne) on meteorological ob¬ 
servations on Ben Nevis, 36. 

Honeyman (Eev. B.) on the geology of 
Halifax harbour, Nova Scotia, 714 ; 
*on a fish supposed to he of deep-sea 
origin, 761. 

Hoo3<er (Sir J.) on the exploration of 
Kilima-njaro and the adjoining moun¬ 
tains of Eastern Equatorial Africa, 
271. 

Hopkinson (Dr. J.) on standards for use 
in electrical measurements, 29. 

Horsfall (J.) and E. Law, an account of 
small flint instruments found beneath 
peat on the Pennine chain, 924. 

Horsley (V.) and Prof. E. A. Schafer on 
the functions of the marginal convo- 
Mtion, 777. 

^Hough (P. B.), the future policy of forest 
management in the United States, 861. 

Howell (W. H.) and Prof. H. N. Martin 
on the coagulation of blood, 774. 

Hughes (Gr. P.), some observations on the 
direct descendants of bos primigenius, 
in Great Britain, 772; forests—their 
value meteorologically and as national 
reserves, 860. 

Hughes (fh'of. T. McK.) on the erratic 
blocks of England, Wales, and Ireland, 
219. 

Hull (Prof, E.) on the circulation of un¬ 
derground waters, 96; on the geology 
of Palestine, 272. 

Hunt (Prof. T, Sterry) on the chemistry 
of the natural silicates, 679; the eozoic 
rocks of North America, 727. 

Huntington (Prof. A. H.) on the present 
state of our knowledge of spectrum 
analysis, 295. 

Hurlbert (Di. J. B.), *comparison of the 
climates of the eastern and western 
hemispheres, 807; *some peculiar storms 
on the North American continent, iJ.; 
* forestry, 872; the forests of Canada, 
ih 

^Huron-Iroquois, the, a typical race of 
American aborigines, by Br. B. Wilson, 
915* 

**^Hydrogen, liquid, the density of, Prof. 
J, Dewar on, 679. 

Ice, frasil, the formation of, G. H. Hen- 
shaw on, 644. 

-, melting, the temperature of the 

interior of a block of, X B. Francis on, 
657. - 

Ice-age theories, Eev. E. Hill on, 723. 

im'Thum (E. F.), Mount Eoraima in 
, ^uiana, 806. 

’^i^igiation, population, and pauperism 
hi the doniinion of Canada, by J. Lowe, 


Inconveniences of the present mode of 
quoting scientific journals, Br. H. Boms, 
on the, 656. 

India, the first general census of, by 
T. Saunders, 804. 

Indians, North American, food-plants 
used by the, Prof. G. Lawson on, 918. 

Induction, a lecture experiment on, by 
Prof. Lord Eayleigh, 632. 

Induction inclinometer adapted for pho¬ 
tographic registration, 0. Carpmael on 
an, 635. 

♦Instructions antliropom^triques el6ment- 
aires, by Dr. P. Topinard, 910. 

Interdependence, the, of the several 
portions of the British Empire, by 
S. Bourne, 861. 

Internal communication by land and 
water, by C. Walford, 861. 

Internal temperature of the earth at 
Westvillc, Nova Scotia, H. S. Poole on 
the, 644. 

Inu of the western shore and Point 
Barrow, habits and customs of the, by 
Lieut. P. H. Ray, 919. 

Invertebrata, certain groups of, report of 
the Committee for preparing a biblio¬ 
graphy of, 270. 

♦Irish emigration, by S. Tuke, 835. 

Iron and other metals, some phenomena 
connected with, in the solid and molten 
states, W. J, Millar on, with notes of 
experiments, 653. 

Iroquois, the customs and language of 
the, remarks on, by Mrs. E. A. Smith, 
914. 

Isomeric naphthalene derivatives, report 
on the investigation of, 74. 


Japan, the earthquake phenomena of, 
fourth report on, 241. 

Japp (Br. P. E.) on chemical nomen¬ 
clature, 39. 

Jeffreys (Dr. J. Gwyn) on the concord¬ 
ance of the mollusca inliabiting both 
sides of the North Atlantic and the 
intermediate seas, 551. 

Jenkin (Prof.) on standards for use in 
electrical measurements, 29. 

Jessop Collection, the, to illustrate the 
forestry of the United States, in the 
New York Natuial History Museum, 
A. S. Bickmore on, 778. 

Jews, notes on the races of the, by Dr, 
A. Neubauer, 917. 

Johnson (Prof.) on the importance of 
tidal observations iii the gulf of St. 
Lawrence and on the Atlantic coast of 
the Dominion, 634, 

Johnston’s, Mr. H., Kilima-njaro expe¬ 
dition, a communication from Sir John 
Kirk on, 802, 

Johnston-Lavis (Br, H. J.), notice of a 
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geological map of Monte Somma and 
Vesuvius, 730. 

Joncas (L. Z.), the fisheries of. Canada, 
854. 

Jones (Prof. T. Pupert) on the fossil 
phyllopoda of the palaeozoic rocks, 75; 
on the geology of South Africa, 736. 

Joy (D.) on valve gear, 890. 

*Joyoe (Mrs.), female emigration, 866, 

Jurassic mammals, American, Prof. 0. C. 
Marsh on, 734. 


Kekip sesoators, -the, or ancient sacri¬ 
ficial stone of the N.W, territory of 
Canada, notes on, by J. L’Heiureux, 921. 

Kilima-njaro and the adjoining moun¬ 
tains of Eastern Equatorial Africa, 
report on the exploration of, 271. 

Kilima-njaro expedition, Mr. H. John- 
ston*s, a communication from Sir John 
■ Kirk on, 802. 

^Eonetic elasticity as illustrating the 
mechanical theory of heat, Prof. O. 
Beynolds on, 622. 

*Krakatoa, the recent sun-glows and 
halo in connection with the eruption 
of, Prof. E. D. Archibald on, 641. 

*Khonecker, the co-ordinating centres of, 
demonstration of, by Dr. T. W. Mills, 
776. 

Kroneokef (Prof. H.) and Dr. T. W. Mills 
on the cardiac nerves of the turtle, 
776. 


Laflamme (Eev. Abb6 J. C.), note siir 
quelques bassins hydrographiques du 
Dominion Oriental, 811. 

Lake basins, the glacial origin of, Dr. A. 
B. C. Selwyn on, 721. 

Lamellibranchiata fauna, the, of the 
Upper Helderberg, Hamilton, Portae, 
Chemung, and Catshill groups (equiva¬ 
lent to the Lower, Middle, and Upper 
Devonian of Europe), Prof. J. Hall 
•on, with especial reference to the 
arrangement of the Monomyaria, and 
the development and distribution of 
the species of the genus Leptodesma, 
726. 

Land laws, E. de Laveleye on, 8G2. 

Lankester (Prof. Bay) on the occupation 
of a table at the zoological station at 
Naples, 252; on the j)reparation of a 
bibliography of certain groups of in- 
vertebrata, 270. 

Laridas (gulls and terns), the geographical 
distribution of the, with special refer- 

' ence to Canadian species, H. Saunders 
on, 771. 

Laughton (K.) on Mr. E. J. Lowe’s pro¬ 
ject of establishing a meteorological 
observatory near Chepstow, 35. 

1884 


Laurentian amphibolites, notes on the 

‘ microscopic characters of some, by 
E. D. Adams, 717. 

Laurie (Maj.-G-en.) on the agricultiural 
resources of Nova Scotia, 849. 

Laveleye (E. de) on laud laws, 862. 

Law (R.) and J. Horsfall, an account of 
small hint instruments found beneath 
peat on the Pennine chain, 924. 

Lawes (Sir J. B.) and Dr. J. H. Gilbert 
on some points in the composition of 
soils, with results illustrating the sources 
of fertility of Manitoba prairie soils, 
686 . 

Lawrence (Rev. P.) on the survey of 
Eastern Palestine, 272. 

Laws (J. P.) and F. Gotch on the blood 
of Zinmlus poly 2 ?he}mis, 774. 

Lawson (Prof. G.) on food-plants used 
by the North American Indians, 918. 

Leavitt (E. D., jun.), pumping machinery, 
889. 

Lebour (Prof. G. A.) on the circulation of 
underground waters, 96. 

Lee (J. E.) on the erratic blocks of Eng¬ 
land, Wales, and Ireland, 219. 

Lefroy (Gen. Sir J. H.), Address by, to 
the Geographical Section, 787; *a com¬ 
munication on Mr. Joseph Thomson’s 
recent exploration in Eastern Africa, 
802; a communication from Sir John 
Kirk on Mr. H. Johnston’s Kilima¬ 
njaro expedition, ib. 

Lewis (Prof. H. C.), marginal kames, 720. 

L’Heureux (J.), notes on the astrono¬ 
mical customs and religious ideas of 
the Chokitapia or Blackfeet Indians, 
921; notes on the Kekip sesoators or 
ancient sacrificial stone of the N.W. 
territory of Canada, ib. 

Life insurance and recniiting, a scale of 
physical proportions for, by 0. Roberts, 
282. 

*Light, the velocity of, of different colours, 
Prof. G. Forbes on, 653. 

---, in carbon disulphide and the 

difference in velocity of red and blue 
light in the same, A. A. Michelson on, 
654. 

Lighthouse system of Canada, W. Smith 
on the, 891. 

Mnmlm jpalypliemus, the blood of, F. 
Gotch and J. P. Laws on, 774. 

Lindemann (Prof. F.), the tactinvariant 
of a conical section and a cubic curve, 
647. 

Liveing (Prof.) on the present state of 
our knowledge of spectrum analysis, 
295; on wave-length tables of "the 
spectra of the elements, 351. 

^— and Prof, Dewar, spectroscopic 
studies of explosions, 672. 

*Loans and savings companies, by W. A. 

. Douglas, 835. , ' , 

3p 
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Lockyer (J. X.) un the proposed publi¬ 
cation by the iletcorological Society 
of the ^Mauritius of daily synoptic 
charts of the Indian Ocean Ironi the 
year 18G1, 32; on avo-length tables 
oi the spectra of the elcxncntSj 351. 

Locomotive engineering, English, A. 
McDonnell and J. A. F. Aspinall on, 
S90. 

*Locomoti\e engines for the London, 
Brighton, and South Coast Bailway, 
the cunstriTctioii of, AV. Stroudlcy on, 
S90. 

Lodge (Frof. O. J.) on standards for use 
in electrical measuiements, 29; on the 
seat of the electromotive forces in the 
voltaic cell, 4C4. 

Lowe, Mr. E. J., report of the Committee 
for co-operating with, in his project of 
establishing a meteoiological obijcrva- 
torj'’ near Chepstow, 35. 

*Lowe (J.), population, immigration, and 
pauperism in the dominion of Canada, 
SGG. 

Lososoma, the structure and develop¬ 
ment of, S. F. Harmer on, 779. 

Lubbock (Sir J.) on the teaching of 
science in elementary schools, 283; on 
patent legislation, 293. 

^Lubricants, the action of. Prof. 0. Bey- 
nolds on, 622. f 

Macadam (Dr. S.) on the production of 
permanent gas from paraffin oils, 680. 

Macalister (Prof.) on the facial charac¬ 
teristics of the races and principal 
crosses in the British Isles, 201. 

McDonnell (A.) and J. A. F. Aspinall on 
English locomotive engineering, 890. 

’‘‘McDougall (A.) and E. Wragge, trans¬ 
port by land and water, 862. 

McGill University gold modal, foundation 
of the, account of, %Yiih list of sub¬ 
scribers, icc., 929. 

Mackay (A. H.), a preliminary examina¬ 
tion of the silicious organic remains 
in the lacustrine deposits of the pro¬ 
vince of Nova Scotia, Canada, 742; 
’^on the dialomaceous remains in the 
lake deposits of Nova Scotia, 783. 

*MoKendrick (Prof.), remarks on the 
problem of atpiatic breathing, 783. 

’^'Mackenzie (J. U.), the telemeter H 3 "stem, 
652, 

Mackerel sky, Dr. il. ^luirhead on the 
formation of, 644. 

Mackintosh (D.) on the eiTatic blocks of 
England, Wales, and Ireland, 219. 

’•‘McLonnan (J.), Canadian finance, 811. 

McLeod (Prof.) on the present state of 
cmx knowledge of spectrum analysis, 
295 - 

(Dr, W,f) on the production 
^ propagation of the American 


tioLter and cla'^silication oi tliu sper¬ 
matozoa and o\a, 785. 

’‘McMiirrick (Prof. P ),n contribution io 
our knowledge of tlu* P/tjffopfi, 782. 

Macrory (j\lr.) on patiMit legisLirion, 
293. 

Macrurons cruslacca, ilic ucngrnpliicnl 
dlstvibiition of the, ( \ Sixmce Ihilc on, 
753. 

Magnetic compass, a gyiosialic uovkinu 
model of a, Prof, Sir \Vm. Thomson on, 
625. 

Magnetic rotation of compounds, the, In 
relation to iheii'cheniicalcomposili(m, 
Dr. W. P[. JVrkin on, G73, 

Magnetism, the intluoncc of, on the dis- 
chaige ol olociridty throiigli <.a>cs, 
Prof. A Schuster on, 633. 

Malagasy, race olcnicnts of the, by C. S. 
Wake, 922. 

Mammalia, an attempt to exhilai dia- 
grammalically the several stau’ts oi 
erolntion ot the, by U. K. Dobson, 
7GS. 

Mammals, American Jurassic, Prfd*. 0. C. 
Marsh on, 731. 

-, certain, inhabiting oontiiumtal a ad 

oceanic islands, some peculiarities iu 
rhe geographical distribution of, (I. E, 
Dobson on, 770. 

Manitoba prairie soils, results illustrat¬ 
ing the sources of feitility of, Sir 
J. B. Lawes and Dr, J. II. Gilbin't 
on, 686, 

Mankind, the primary divisions and geo¬ 
graphical distribution of, J. Dallas on, 
924. 

^larcoartn (A. de), the commcTcial rela¬ 
tions of Canada with Spain and her 
colonies, 870. 

Marginal convolution, the functions of 
the, V. Horsley and ih’of. E. A Schafer 
on, 777. 

^Marginal kamos, by Prof. IT. 0. Lewis, 
720, 

Marriage, the probability that a, entered 
into at any ago, will be fruitful, and 
that a marriage which lias 1 een child¬ 
less for several years will subsetpuud ly 
become fruitful, T. B. Spiagu«‘ on, 8G(), 

Marriage laws oi North American 
tiibes, by Major J. W. Powell, 911. 

Marsh (Prof. O.'CJ.) on Ainoriean Jurassic 
mammals, 731 ; on the clahsilieaticn 
and affinities of Dino^aurian reptiles, 
763. 

Marshall (Prof. A, M.) on the occupation 
of a table at the zoological Marion at 
Naples, 252, 250; on tho nmtiial r<*la- 
tion of the recent groups of cchino- 
derms, 768. 

Marshall (Prof. D. H.) and Prof. W. L. 
Goodwin on the physical conMants ot 
solutions, 679, 
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^MarsuxDials, the foetal membranes of the, 
W. H. Caldwell on, 768. 

Marten (E. B.) on the circulation of nn- 
dergTound waters, 90. 

Marlin (J. B.), media of exchange: some 
notes on the precious metals and their 
equivalents, 837. 

Martin (Prof. W. H.) and H. Howell 
on the coagulation of blood, 774. 

Maskelyne (Prof. N. S.) on the teaching 
of science in elementary schools, 288. 

Mathematical and Physical Section, 
Address by Prof. Sir Wm. Thomson to 
the, 613. 

Matthew (G. F.), the geological age of 
the Acadian fauna, 742; the primitive 
conocoryphean, 743. 

Meat, the" production and consumption 
of, in the United Kingdom, Major 
P. G. Craigie on, 841. 

Mechanical principle, a new, certain 
practical applications of. Prof. H. S. 
H. Shaw on, G31. 

Mechanical Section, Address by Sir P. J. 
B'amwell to the, 875. 

^‘‘Meclianical theory of lieat, kinetic elas¬ 
ticity as illustrating the, Prof. O. 
Eeynolds on, 622. 

Media of exchangee: some notes on the 
precious metals and their equivalents, 
by J. B. Martin, 837. 

Merritt (W. H.) on the occurrence, lo¬ 
calities, and output of the economic 
minerals of Canada, 719. 

Meteoric dust, fourth report on the prac¬ 
ticability of collecting and identifying, 
and on the question of undertaldng 
regular observations in various locali¬ 
ties, 38. 

Meteorological observations on Ben 
Nevis, report of the Committee for co¬ 
operating with the Directors of the 
Ben Nevis Observatory in making, 
30. 

Meteorological observatory, report of the 
Committee for co-operating with Mr. 
E. J. Lowe in his project of establish¬ 
ing a, near Chepstow on a permanent 
and scientific basis, 35, 

Meteorological phenomena, solar and ter¬ 
restrial, certain short periods common 
to, Prof. Balfour Stewart and W. 
L. Carpenter on, 634. 

Metric system of weights and measxitcs, 
report on the best means for facilitat¬ 
ing the adoption of the, in Great 
Britain, 27, 

Mexican zodiac and astrology, observa¬ 
tions on the, by Hyde Clarke, 916. 

Miall (Prof. L. 0.) on the exploration of 
the Baygill fissure in Lothersdale, 
Yorkshire, 240, 

Jlichelson (A. A.) on the velocity of 
light in carbon disulphide and the 


difference in velocity" of red and blue 
light in the same, 654. 

^Microtome, the Caldwell automatic, re¬ 
marks on, 777. 

Migration of birds, report on the, 
266. 

Millar (W. J.) on some phenomena con¬ 
nected with iron and other metals in 
the solid and molten states, with notes 
of experiments, 653. 

Miller (H.) on fluxion-structure in till, 
720. 

Mills (Dr. T. ^V.), demonstration of the 
co-ordinating centres of Kronecker, 
776; on the secretion of oxalic acid in 
the dog, 783. 

-and Prof. H. Kronecker on the 

cardiac nerves of the turtle, 776. 

Milne (Prof. J.) on the earthquake phe¬ 
nomena of Japan, 241. 

Mineral vein or lode, what is a ? by Dr. 
C. Le Neve Foster, 732. 

Minerals, the economic, of Canada, the 
occurrence, localities, and output, of, 
W. H. Merritt on, 719. 

Mining, coal and metal, in the United 
Kingdom, the relative dangers of, Dr. 
C. Le Neve Foster on, 868. 

*Minot (Dr. C. S.) on the growth of 
children, 785. 

*Modoc Indians, myths of the, J. Curl in 
on, 910. 

Moeris basin, the latest researches in the, 
by F. Cope Whitehouse, 802. 

Molecular volumes, Prof. W. Bamsay on, 
676. 

Mollusca, the, inhabiting both sides of 
the North Atlantic and the interme¬ 
diate seas, the concordance of. Dr. J» 
Gwyn Jeffreys on, 551. 

Monotremes, the ova of. Prof. H* N. 
Moseley on, 777. 

jMonte Somma and Yesuvius, notice of a 
geological map of, by Dr, H. J. John- 
ston-Lavis, 730. 

*Moon’s apogee, Newton’s explanation of 
the motion of the, Prof. J. C. Adams 
on, 645. 

Morbihan, the lapidary sculptures of the 
dolmens of the, Adm. F. H. Trcmlett 
on, 923. 

More (A. G.) on the mxgTation of birds, 
266. 

Morley (Dr. H. F.) on chemical nomen¬ 
clature, 39. 

Moseley (Prof H. N,), Address by, to the 
Biological Section, 746 ; on the trap¬ 
ping of young fish by the water weed 
Utrieulariar 761 j on the 

ova of monotremes, 777; on the pre-, 
sence of eyes and other sense organs’ 
in the shells of the chitorddse, 780; on 
the structure and arrangement of th^ 
feathers in the dodo, 782* 
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Morton (Gr. H.) on the circulation of un¬ 
derground waters, 96. 

Mounds, a group of, in Ohio, notice of 
exploration of, by F. W. Putnam, 899. 

Mount Roraima in aniana, by E. F. im 
Thurn, 806. 

*Muir (W. K.) on single-track railways, 
885. 

Muirhead (Dr. A.) on standards for use 
in electrical measurements, 29. 

Muirhead (Dr. H.) on the facial charac- 
teiistics of the races and principal 
crosses in the British Isles, 294; on the 
formation of mackerel sky, 644. 

Mulhall QL a.), national debts, 838. 

Murray (J.) on meteorological observa¬ 
tions on Ben Nevis, 36. 


National debts, by M. G. Mulhall, 838. 
Natural co-ordination, as evinced in 
oraranic evolution, Dr. W. Fraser on, 
772. 

Nerve-supply, the value of, in the deter¬ 
mination of muschlar anomalies, Prof. 
D. J. Cunningham on, 768. 

Noubauer (Dr. A.), notes on the races of 
the Jews, 917. 

^New South Wales, notes on some tribes 
of, by A. L. P. Cameron, 924. 

Newberry (Prof. J. S.), phases in the 
evolution of the North American 
t Continent, 719; on the recent dis¬ 
covery of new and remarkable fossil 
. fishes in the carboniferous and devonian 
rocks of Ohio and Indiana, 724. 
Newton (Prof.) on the migration of 
birds, 266; on the preparation of a 
. bibliography of certain groups of in- 
vertehrata, 270. 

♦Newton’s theory of astronomical refrac¬ 
tion, note on, and on his explanation 
of the motion of the moon’s apogee, by 
Prof. J. 0. Adams, 045. 

Niagara, notes on, by P. Hallett, 744, 
Nicol (W. W. J.), a theory of solution, 
675. ^ 

Nitrification, E. Warington on, 682. 
North (W.) on the influence of bodily 
exercise on the elimination of nitrogen, 
265. 

North American continent, phases in the 
evolution of the, 719. 

North American flora, the characteristics 
of the. Prof. Asa Gray on, 555, 

North American geology, plan for the 
subject-bibliography of, by G. K, Gil¬ 
bert, 732. 

"NoHh A'caerican Indians, food plants used 
by the, Prof. G. Dawson on, 918. 

, Norfei AT3ier!can languages; the classifica- 
' J: W. Pbwellon, 899. 

AineMfeS^m'trib^, marriage laws of 


Nova Scotia, results of past experience in 
gold mining in, by E. Gilpin, jun., 711. 

-, the agricultural resources of, by 

Maj.-Gen. Laurie, 849. 

Nova Scotian coalfields, a comparison of 
the distinctive features of, by E. Gilpin, 
jun., 712. 

Odling (Prof.) on chemical nomencla¬ 
ture, 39. 

O’Halloran (J. S.) on Charles Winnecke’s 
explorations in Central Australia, with 
notes on the employment of camels, 
812. 

Ohio, a group of mounds in, notice of 
exploration of, by F. W. Putnam, 899. 

Ontario, the agricultural resources of, by 
J. Carnegie, 848. 

Oxalic acid, the secretion of, in the dog. 
Dr. T. W. Mills on, 783. 

♦Oxygen, the liquefaction, of. Prof. J. 
Dewar on, 670, 


Palestine, the geology of, by Prof. E. 
Hull, 272. 

—Eastern, report of the Committee 
for promoting the survey of, 272. 

Panton (J. H.), gleanings from outcrops 
of Silurian strata in Red River Valley, 
Manitoba, 715. 

Paraffin oils, the production of permanent 
gas from, Dr. S. Macadam on, 680. 

Parker (J.) on the circulation of under¬ 
ground waters, 96. 

Parsons (Oapt. J.) on the erosion of the 
sea-coasts of England and Wales, 238. 

Patent legislation, report on, 293. 

♦Pauperism, population, and immigration 
in the dominion of Canada, by J. Ijowe, 
866 .^ 

Pen pits, Somersetshire, recent excava¬ 
tions in, by Rev. H. H. Winwood, 918. 

Pengelly (W.) on the circulation of under¬ 
ground waters, 96; on the erratic 
blocks of England, Wales, and Ireland, 
219. 

Pennsylvania before and after the eleva¬ 
tion of the Appalachian mountains, by 
Prof. E. W. Claypole, 718. 

Perkin (Dr. W. H.) on the magnetic rota- 

. tion of compounds in relation to their 
chemical composition, 673 ; ♦on coal- 
tar colouring matters, 678. 

Permanent way, American, J. M. Wilson 
on, 593, 

Perry (Prof. J.) on standards for use in 
electrical measurements, 29. 

Perry (Rev. S. J.) on the spot spectrum 
from D to B, 635. 

Phillips (Prof. A. W.). transformation of 
the storeographic equatorial projection 
of a sphere by means nf a certain form 
"of the Peaucellier cell, 649. 
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■phosphate industry, of Canada, the, by 
R. C. Adams, 853. 

Photograpliic registration, an induction 
inclinometer adapted for, C. Carpmael 
on, 635. 

^Photographing the solar spectrum, re- | 
cent progress in, Prof. H, A. Rowland 
on, 635. 

Physical constants of solutions, Profs. W. 
L. Goodwin and D. H. Marshall on 
the, 673. 

Physical proportions for life insurance 
and recruiting, a scale of, by C. Roberts, 
282. 

Physical Section, the Mathematical and. 
Address by Prof. Sir Wm. Thomson to, 
613. 

^Physiology of therapeutics of the chloral 
hydrate and anfesthetics generally. Dr. 
W. Alexander on the, 785. 

^JPIiytqptii a contribution to our know¬ 
ledge of the, by Prof. P. McMurrick, 
782. 

♦Pidgeon (D.) on agricultural irnple- 
ments, 896. 

Pitt-Rivers (Gen.) on the facial, charac¬ 
teristics of the races and principal 
crosses in the British Isles, 29,1. 

Plant (J.) on the circulation of under¬ 
ground waters, 96; on the erratic 
blocks of E^ngland, Wales, and Ireland, 
219. 

Poole (H. S.), note on the internal tem¬ 
perature of the earth at Westville, 
Nova Scotia, 641, 

’‘‘Population, immigration, and pauperism 
in the dominion of Canada, by J. 

, Lowe, 866. 

’“Portrush electric railway, the, by Dr. A. 
Traill, 893. 

Post office savings bank system of 
Canada, J. 0. Stewart on the, 831. 
Powell (Major J. "W.) on the classification 
of North American languages, 899; 
marriage laws of the North American 
tribes, 9X1. , . 

Precious stones and metals in India, the 
mode of occurrence of, 'V. Ball on, 731. 
Pre-Cambrian rocks of Canada, first im¬ 
pressions of some, by Prof. J. P. Blake, 
728. 

Precious stones and metals in India, the 
mode of occurrence of, V. Ball on, 731. 
Preece (W. H.) on the best means for 
facilitating the adoption of the metric 
system of weights and measures in 
Great Britain, 27; on standards for use 
in electrical measurements, 29 j on the 
determination of a gauge for the 
, manufacture of various small screws, 
287; on the law regulating the con¬ 
nection between current and intensity 
of incandescence of carbon filaments 
in glow lamps, 651; *the Watt and 


horse-power, 893; * secondary bat¬ 
teries, ih .; ^ domestic electric light¬ 
ing, ih. 

Prehistoric intercourse between east and 
west, facts suggestive of, by Miss A. 
W. Buckland, 916. 

*Pressnre at a point inside a vortex-ring 
of uniform vorticity, Prof .W* Hicks 
on the, 619. 

Prestwich (Prof. J.) on the circulation of 
undergroundwaters, 96 ; on the erratic 
blocks of England, Wales, and Ireland, 
219; on the erosion of the sea-coasts 
of England and Wales, 238. 

Prospective prices in Europe, America, 
and Asia, by Hyde Clarke, 868. 

’•’Proteids of serum, W. B. Halliburton 
and Prof. E. A. Schafer on the, 785. 

Pumping machinery, by E. D. Leavitt, 
jun., 889. 

Putnam (F. W.), notice of exploration of 
a group of mounds in Ohio, 899. 

Pye-Smith (Dr.) on the influence of 
bodily exercise on the elimination of 
nitrogen, 265. 

Quebec, the apatite deposits of the pro¬ 
vince of, by G. C. Brown. 716. 

♦Radiation, total, at high temperatures, 
the law of, Prof. J. Dewar on, 623. 

Ramsay (Prof. W-) on molecular volumes, 
676. 

-and Dr. S. Young on the vapour- 

pressure, of a substance in the solid 
and liquid states at the same tempera¬ 
ture, 622; on evaporation and disso¬ 
ciation, 675. 

Eavenstein (E. Q.) on maps of Central 
Africa down to the commencenaent of 
the seventeenth century, 803; object 
lessons in geography, 806. 

Eawson (Sir R.) on the expenses of com¬ 
pleting the preparation of the final re¬ 
port of the Anthropometric Committee, 
279. 

Ray (Lieut. P. H.), arctic experiences at 
Point Barrow, 808; habits and customs 
of the Inu of the western shore and 
Point Barrow, 919. 

Raygill fissure, the, in Lothersdale, York¬ 
shire, report on the exploration of, 210. 

Rayleigh (Prof. Lord) on standards for 
use in electrical measurements,, 29; 
on the present state of our knowledge 
of spectrum analysis, 295; a lecture 
experiment on induction, 632; on tele¬ 
phoning through a cable, ih; on a 
galvanometer with twenty wires, 633; 
*on the colours of thin plates, 651; 
on Clark’s standard cells, ib* 

Recruiting, a scale of physical propor¬ 
tions for, by C. Roberts, 282. 

Red River Valley, Manitoba, gleanings 
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from outcrops of Silurian strata in, hy 
J, H. Panton, 715. 

Sedman (J, B.) on the erosion of the 
sea-coasts of England and Wales, 
238. 

Kefraction equivalents, the present state 
of our knowledge of. Dr. J. H. Glad¬ 
stone on, 674. 

Eeinold (Prof. A. W.) on the present 
state of our knowledge of spectrum 
analysis, 295. 

-and Prof. A. W. Eiloker, the influence 

of an electric current on the thinning 
of a liquid film, 652. 

Eeynolds (Prof. B.) on the present state 
of our knowledge of spectrum analysis, 
295. 

Beynolds (Prof. 0.) *on the action of 
lubricants, 623 ; ^^'on kinetic elasticity 
as illustrating the mechanical theory 
of heat, 622; ^^on the friction of 
journals, 895. 

Bichardson (R.) on points of dissimilarity 
and resemblance between Acadian and 
Scottish glacial beds, 723- 
*Bigg (A.) on the flow of water through 
turbines and screw-propellers, 895- 
Bigg (B,) on the determination of a 
gauge for the manufacture of various 
sm^ screws, 287. 

Boberts (C.) on the expenses of com¬ 
pleting the preparation of the final re¬ 
port of the Anthropometric Committee, 
279; observations on eyesight, iA; a 
scale of physical proportions for life 
insurance and recruiting, 282. 

Boberts (I.) on the circulation of under¬ 
ground waters, 96. 

Boberts (Prof. W. 0.) on the present 
state of our knowledge of spectrum 
analysis, 295; *on the diffusion of 
metals, G53, 675. 

^BoDinson (E.) on a redetermination of 
the atomic weight of cerium, 681. 
Boscoe (Prof. Sir H. E.) on the best 
methods of recording the direct in¬ 
tensity of solar radiation, 28; on me¬ 
teoric dust, 38; on chemical nomen¬ 
clature, 39; on the teaching of science 
in elementary schools, 283; on wave¬ 
length tables of the spectra of the 
elements, 351; Address by, to the 
Chemical Section, 659; *on the dia- 
mondiferous deposits of South Africa 
and the ash of the diamond,'681. 

Boss© (Bari of) on an electric control for 
ato ec^uatorial clock-movement, 636; 

’ on polishing the specula of reflecting 
. Mescopes, 667. 

(Prof- H. A.) *on recent pro- 
' ‘ the solar spec- 

Wi) A. W. 

' /: inideace; d' an electric 


current on the thinning of a liquid 
film, 652. 

Budler (F. W-) on the facial character¬ 
istics of the races and principal crosses 
in the British Isles, 294. 

Bussell (L.) on surveys of the Dominion 
lands—north-western terrilorics of 
Canada, $11. 

‘•^Rye (Miss M.), female emigration, 866. 

‘‘^Safety fuses for electric circuits, Prof. 
Sir Wm. Thomson on, 632. ^ 

Sanderson (Prof. B.) on the influence of 
bodily exercise on the elimination of 
nitrogen, 265. 

Saunders (H.) on the natural history of 
Timor Laut, 263; on the exploration 
of Kilima-njaro and the adjoining 
mountains of Bastern Equatorial 
Africa, 371; on the geographical dis¬ 
tribution of the laridm (gulls and 
terns), with special reference to Cana¬ 
dian species, 771. 

Saunders (T.), the romarkahlc journey of 
the trained explorer A. K. on the fron¬ 
tiers of India and China, 803; the first 
general census of India, 804; on Do¬ 
minion surveys, 807. 

Scluifer (Prof .E. A.) *on the demonstration 
of an apparatus for recording changes 
of volume, 783; on* the mechanism of 
absorption, 

^ -and W. B. Halliburton on the pro- 

teids of serum, 785. 

— and y, Horsley on the functions of 
the marginal convolution, 777. 

Schuster (Prof. A.) on the best methods 
of recording the direct intensity of 
solar radiation, 28; on standards for 
use in electrical measurements, 29; on 
meteoric dust, 38; on wave-length 
tables of the spectra of the elements, 
351; on the connection between sun¬ 
spots and terrestrial phenomena, 446; 
*on the influence of magiietism on the 
discharge of cleotricitv through gases, 
633. 

Science in elementary .schools, the U‘ach- 
ing of, report on, 383. 

Solater (P. L.) on the occupation of a 
table at the zoological station at 
Kaples, 252; on the natural histoiy of 
Timor Laut, 263; on the exploration 
of Kilima-njaro and the adjoining 
mountains of Eastern Equatorial 
Africa, 271. 

Scott (B. H.) on the proposed publication 
by the Meteorological 8ociety of the 
Mauritius of daily synoptic charts of 
the Indian Ocean from the year 1861, 
32; on Mr. E. J. Lowers project of 
establishing a meteorological obser¬ 
vatory near Ohepstow, 35; on meteoric 
dust, 38. 



INDEX. 


951 


■Screws, the Tarions small, used in tele- ! 
graphic and electrical apparatus, in 
clockwdrk, and for other analogous 
purposes, second report of the Com¬ 
mittee for determining a gauge for 
the manufacture of, 287. 

^Secondary batteries, by W. H. Precce, 
893. 

Sedgwick (A.) on the occupation of a 
table at the zoological station at 
Naples, 252. 

Selwyn (Dr. A. E. C.) on the glacial origin 
of lake basins, 721. 

■’^Septic organisms, the behaviour of the 
germs of, under changes of tempera¬ 
ture, a method of studying, Eev. Dr. 
Dallinger on, 785, 

Severn tunnel railway, the, by J. C. 
Hawkshaw, 884. 

Shaen (W.) on the teaching of science in 
elementary schools, 283. 

Shaw (Prof. 'H. S. H.) on certain practical 
applications of a new mechanical prin¬ 
ciple, 631. 

Sheldon (Prof. J. P.), British and Cana¬ 
dian agriculture, 847. 

Shepherd (Prof.) on anatomical varia¬ 
tions: (1) par-occipital process occur¬ 
ring in man; (2) secondary astragalus; 
(3) persistence of the left duct of 
Cuvier in man, 770. 

Shoolbred (J. N.) on reducing and tabu¬ 
lating the tidal observations in the 
English Channel made with the Dovcsr 
tide-gauge, and connecting them with 
observations made on the French 
coast, 37. 

Short periods, certain, common to solar 
and terrestrial meteorological pheno¬ 
mena, Prof. Balfour »Stcwart and W. L. 
Carpenter on, 634, 

Silicates, the natural, the chemistry of, 
Prof. T. Steriy Hunt on, 679. 

Silicious organic remains in the lacustrine 
deposits of the province of Nova Scotia, 
Canada, a preliminary examination of 
the, by A. H. Mackay, 742. ! 

Silurian strata in Bed lliver Valley, jilani- i 
toba, gleanings from outcrops of, by I 
J.H. Panton, 715. ' 

'^‘Singie-track railways, W, K. Huir on, 
885. 

Skull, a, from the Loss of Podbaba,near 
Prague, and a skull fotmd in alluvium 
at Kankakee, Illinois, along with a 
tooth of the mastodon, Di% D. Wilson 
on, 917. 

Sladen (P.) on the occupation of a table 

. at the zoological station at Naples, 252. 

Smith (Dr. A. L.) on the ventilation of 
ocean steamships, 896, 

Shaith (Mrs, B. A.), remarks on the cus¬ 
toms and language of the Iroquois, 
914. 


♦Smith (H,), electric tramways, 893, . 

Smith (V.) on the Canadian Pacific rail¬ 
way, 885. 

Smith (W.) on the lighthouse system of 
Canada, 891. 

Social forces, harmonies and antagonisms 
ill the, by W. H. Douglass, 869. 

♦Soda and chlorine, the manufacture of, 
W. Weldon on, 679. 

Soils, some points in the composition of, 
Sir J. B. Lawes and Dr. J. H. Gilbert 
on, with results illustrating the sources 
of fertility in Manitoba prairie soils, 
686 . 

Solar radiation, report on the best me¬ 
thods of recording the direct intensity 
of, 28. 

♦Solar spectrum, recent progress in 
photographing, Prof. H. A. Eowland 
on, 635. 

Solar system, the invariable plane of the, 
D. P. Todd on, 651. 

Sollas (Prof. W. J.) on the origin of fresh¬ 
water faunas, 760. 

Solution, a theory of, by W. W. J. Nicol, 
675. 

-, some phenomena of, illustrated by 

the case of sodium sulphate, Prof. \V. A. 
Tildeii on, 675. 

Solutions, the physical constants of, Profs. 
W. L. Goodwin and D. H. Marshall on, 
679. 

Solvable irreducible equations of prime 
degree, Prof. G. P. Young on, 646. 

Sorby (Dr. H, 0.) on fossil polyzoa, 97. 

Sounding ocean depths, recent improve¬ 
ments in apparatus and methods for, 
by Rear-Adm. D. Ammen, 629. 

Spectra of the elements, wave-length 
tables of the, report on the preparation 
of a new series of, 351. 

Spectroscopic studies of explosions, by 
Profs. Liveing and Dewar, 672. 

Spectrum analysis, the present state of 
our knowledge of, report on, 295. 

Specula of refieoting telescope, polishing 
the, the Earl of Bosse on, 637. 

Spot spectrum from D to B, Bev. S. J, 
Perry on the, 635. 

Sprague (T. B.) on the probability that 
a marriage entered into at any age 
will be fruitful, and that a marriage 
which has been childless for several 
years will subsequently become fruit¬ 
ful, 866. 

Stanley (W. F.) on the improbability of 
the theory that former glacial periods 
ill the northern hemisphere were due 
to eccentricity of the earth’s orbit, and 
to its winter perihelion in the north, 
723. 

'^Stars with amcasurable annual parallax, 
a sy.stematio research for, and its re* 
suits, Ih'of. B. S. Ball on, 664. 
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Statistics, Economic Science and, Address 
by Sir B. Temple to the Section of, 
813. 

Steam-engine, the theory of the. Prof. 
R. H. Thniston on, 569. 

Steam-engine practice in the United 
States in 1884, by J. C, Hoadley, 886. 

StereogxapMc equatorial projection of a 
sphere, transformation of the, by means 
of a certain form of the Peancellier 
cell, by Prof. A. W. Phillips, 649. 

Stewart (Prof. Balfour) on the best me¬ 
thods of recording the direct intensity 
of solar radiation, 28; on the pro¬ 
posed publication by the Meteorological 
Society of the Mauritius of daily 
synoptic charts of the Indian Ocean 
from the year 1861, 32; on Mr. E. J. 
Lowe’s project of establishing a me¬ 
teorological observatory near Chepstow, 
33. 

- and W. L. Carpenter on certain 

short periods common to solar and 
terrestrial meteorological phenomena, 
634. 

Stewart (J. C.), the post office savings 
bank system of Canada, 834. 

Stokes (Prof. U. G.) on the best methods 
of recording the direct intensity of 
solar radiation, 28; on the proposed 
publication by the Meteorologies So¬ 
ciety of the Mauritius of daily sjmoptic 
charts of the Indian Ocean from the 
year 1861, 32. 

Stone (Dr. H.) on an electrodyna- 
mometcr, with extremely light-moving 
coil, for the measurement of small 
alternating currents, 634, 

Stoney (Dr. &. X) on the best methods of 
recording the direct intensity of solar 
radiation, 28 ; on Mr. E. J. Lowe’s pro¬ 
ject of establishing a meteorological 
observatory near Chepstow, 35; ou the 
present state of our knowledge of 
spectrum analysis, 295. 

Sfcooke (T. S.) on the circulation of under¬ 
ground waters, 96. 

Storage of power, the chemical aspect of 
the, Prof, E. Frankland on, 673. 

’“Storms, some peculiar, on the Korth 
American Continent, by Br. J. B. 
Eurlbert, 807. 

Strangways (Fox) on the circulation of 
underground waters, 96. 

Stroh (A.) on the determination of a 
gauge for the manufacture of various 
small screws, 287. 

^Stroudley (W.) on the construction of 
locomotive engines for the London, 
Brighton, and South Coast Railway, 

m, 

Stivers (Prof. X) on the rudimentary 
hmd-limh of the Tay whale, Megaptera 
766. 


Sulphuretted hydrogen, the action of, 
upon silver. Prof. F P, Dunnington on, 
678. 

’“Sun-glows and halo, the receni, in con¬ 
nection with the eruption ot Kiakatoa, 
Prof. E. D. Archibald on, 641. 

Sunspots and terrestrial phenomena, the 
connection between, Prof, A. Schuster 
on, 446. 

Surveys of the Dominion lands—north¬ 
western territoiies of Canada, L, 
Eusboll on, 811. 

Symons (G. J.) on the best methods of 
recording the direct intensity of solar 
radiation, 28; on the proposed publi¬ 
cation by the Meteorological Society of 
the Mauritius of daily synoptic charts 
of the Indian Ocean hroin the year 
1861, 32; on Mr. E. J. Lowe’s project 
of establishing a meteorological ob- 
servatoiy near Chepstow, 33; on the 
circulation of underground waters, 96, 

Synoptic charts, daily, of the Indian 
Ocean from the year 1861, report of the 
Committee for co-operating with the 
Meteorolo^cal Society of the Mauri¬ 
tius in their proposed publication of, 32, 

Taconic range, the southward ending of 
a great synclinal in the, Prof. J. D. 
Dana on, 729. 

Tactinvariant, the, of a conical section 
and a cubic cuive, by Prof. F, Linde- 
mann, C47. 

Tay whale, Majaptent longimamty Uk^ 
rudimentary hind-limb of the, Prof. «T. 
Struthers on, 760. 

Taylor (Rev. Dr. C.), liihtorical note on 
continuity, 643. 

Taylor (H.) on standards for use in elec¬ 
trical measurements, 29. 

*Telemeter system, the, by J. XT. Mac¬ 
kenzie, 662. 

Telephoning through a cable, Prof. Lord 
Rayleigh on, 632. 

Temple (Sir B.), Address by, to tlie Sec¬ 
tion of Economic Science and Statistics, 
813. 

Thacher (E.), desenption of a cylindrical 
slide rule or calculating apparatus, 066. 

Thane (Prof.) on the facial ohaiaeteristics 
of the races and principal crosses in 
the British Isles, 294. 

Tliiselton - Dj'cr (Mr.) on the natural 
history of Timor Laut, 203, 

Thompson (Prof. S. P.) -’"on the equations 
of dynamo - electric mad lines, 636; 
*some points in dynamo-electric ma¬ 
chines, 894. 

Thomson (Prof. X) on whirlwinds and 
waterspouts, 041. 

Thomson (X M.) on the best means for 
facilitating the adoption of the metric 
system of weights and measures in 
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Great. Britian, 27; on chemical nomen¬ 
clature, . 

♦Thomson’s, Mr. Joseph, recent explor¬ 
ation in Eastern Africa, a communi¬ 
cation on, by Gen. Sir J. H, Lefroy, 
802. 

Thomson (Prof. Sir Wm.) on the best 
means for facilitating the adoption of 
the metric system of weights and 
measures in Great Britain, 27 i on 
standards for use in electrical measure¬ 
ments, 29; on reducing* and tabulat¬ 
ing the tidal observations in the Eng¬ 
lish Channel made with the Dover 
tide-gauge and connecting them with 
observations made on the French 
coast, 37 ; on meteoric dust, 38; on 
the determination of a gauge for the 
manufacture of various small screws, 
287; on loatent legislation, 293; Ad¬ 
dress by, to the Mathematical and 
Physical Section. 613 ; on a g^^rostatic 
working model of the ms^netic com¬ 
pass, 623; ♦on safety fuses for electric 
circuits, 632. 

♦Three-cusped hypocycloid, a geometri¬ 
cal theorem in connection with the, by 
R. F. Davis, 649. 

Thurston (Prof. E. H.) on the theory of 
the steam-engine, 569. 

Tidal observations, report of the Com¬ 
mittee for the harmonic analysis of, 33. 

-in the English Channel made with 

the Dover tide-gauge, report of the 
Committee for reducing and tabulating, 
and for connecting them with obser¬ 
vations made on the French coast, 37, 

-- in the Gulf of iSt. Lawrence and 

on the Atlantic coast of the Dominion, 
the impoi-tance of, Prof. Johnson on, 
634. 

Tiddenian (R. H.) on the erratic blocks 
of England, Wales and L-eland, 219. 
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and Meteorological Observations;—Prof. Forchhammer on the influence of Fucoidal 
Plants upon tlie Formations of the Earth, on Metamorphism in general, and par¬ 
ticularly the Metamorphosis of the Scandinavian Alum Slate;—H* E. Strickland, 
Eeport "on the Eecent Progress and Present State of Ornithology;—T. Oldham, 
Eeport of Committee appointed to conduct Observations on Subterranean Tempera- 
tui-e in Ireland;—Prof. Owen, Eeport on the Extinct Mammals of Australia, with 
descriptions of certain Fossils indicative of the former existence in that continent 
of large Slarsupial Eepresentatives of the Order Pachydermata;—^W. S. Harris, 
Eeport on the working of Wliewell and- Osier’s Anemometers at Plymouth, fox* the 
years 1841, 1842, 1843;—^W. E, Birt, Eeport on Atmospheric Waves;—L. Agassiz, 
Bapport sur les Poissons Fossiles de I’Ai^ilc de Londres, with translation J, S. 
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Bussell, Report on WavesProvisional Reports, and Notices of Progress in Special 
Researches entrusted to Committees and Individuals. 

Together with the Tiansactions of the Sections, the Dean of Rly’s Address, and 
Becommendations of the Association and its Committees. 


PEOCEEDIirGS OF the FIFTEENTH MEETING, at Cambridge, 
1845, FuUisJied at 12g. 

Contents: —Seventh Report of a Committee appointed to conduct the Co-opera¬ 
tion of the British Association in the System of Simultaneous Magnetical and 
Meteorological Observations;—Liout.-Col. Sabine, on some Points in the Meteorology 
of Bombay;—J. Blake, Report on the Physiological Actions of Medicines;—Dr. Von 
Boguslawski, on the Comet of 1813;—R. Hunt, Report on the Aotiiiograpli;—Prof, 
Schdnbein, on OzoneProf. Erman, on the Inttuence of Friction upon Thermo- 
ElectricityBaron Senftenberg, on the Self-registering Meteorological Instru¬ 
ments employed in the Observatory at SenftenbergW. R. Birt, Second Rcpoit on 
Atmospheric Waves;—G-. R- Porter, on the Progress and Present Extent of Savings’ 
Banks in the United Kingdom;—Prof. Bunsen and Dr. Playfair, Repoit on the Gases 
evolved from Iron Furnaces, with refeience to the Theory of Smelting of Iron; — 
Dr. Richaidson, Repoit on the Ichthyology of the Seas of China and Japan;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals 
and Vegetables;—Fifth Report of the Committee on tlio Vitality of Seeds;— 
Appendix, &c. 

Together with the Transactions of the Sections, Sir J. F. W. HerscheFs Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS of the SIXTEENTH MEETING, at Southampton, 
1846, FulUslied at ISs. 

Contents G. G. Stokes, Report on Recent Researches in Hydrodynamics 
Sixth Report of the Committee on the Vitality of SeedsDr, Schunck, on the 
Oolooring Matters of Madder;—J. Blake, on the Physiological Action of Medicines; 
—R. Hunt, Repoit on the Actinograph;—R. Hunt, Notices on the Tnfliienco of Light 
on the Growth of Plants;—R. L. Ellis, on the Recent Progress of Anali’^sis; —Prof. 
Forchhammer, on Comparative Analytical Researches on Sea Water;—^A. Eri^an, on 
the Calculation of the Gaussian Constants for 1820;—G. R. Porter, on tlie Progress, 
present Amount, and probable future Condition of the Lron Mnmifactuie in Cb-cat 
Britain;—W. R. Birt, Third Report on Atmospheric Waves;—Prof. Owen, Report 
on the Archetype and Homologies of the Vertebrate Skeleton;—J. Phillips, on 
Anemometry;—Dr. J. Percy, Report on the Crystalline FlagsAddenda to Mr, 
Birt’s Report on Atmospheric Waves, 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, 
.and Recommendations of the Association and its Committees. 


PROCEEDINGS of the SEVENTEENTH MEETING, at Oxford, 
1847, FMisJied at ISs, 

Contents -.—Prof. Langherg, on the Specific Gravity of Sul))huric A(‘id at 
different degrees of dilution, and on the relation which exists between the Develop* 
ment of Heat and the coincident contraction of Volume in Sulphuric Acid when 
mixed with Water;—R. Himt, Resoaiches on the Influence of the Solar Rays on the 
Growth of Plants;—R. Mallet, on the Facts of Earthquake PhenomenaProf. 
Nilsson, on the Primitho Inhabitants of Scandinaiia;—W. Hopkins, Report on the 
Geological Theories of Elevation and Earthquakes;—Dr. W. Ji. Carpenter, R,eport 
on the Microscopic tStructuie of Shells;-Rev. W. Whewoll and Sir James C. Ross, 
Report upon the Recommendation of an Expedition for the ]nir])osc of completing 
our Knowledge of the Tides;—Dr. Schunck, on Colouring Matters;- Stwonth Repoii 
of Committee on the Vitality of Heeds;—J. Glynn, on the Turbine or Horizontal 
Wheel of France and Germany; -Dr. R. U. Latham, on the present state and 
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recent progress of Ethnographical Philology;—Br, J, C. Prichard, on the various 
methods of Besearch which contribute to the Advancement of Ethnology, and of the 
relations of that Science to other branches of Knowledge ;—Br* C. C. J, Bunsen, on 
the results of the recent Egyptian researches in reference to Asiatic and African 
Ethnology, and the Classification of Languages;—Dr. C. Meyer, on the Importance of 
the Study of the Celtic Language as exhibited by the Modem Celtic Bialects still 
extant;—Br. Max Muller, on the Belation of the Bengali to the Aryan and Aboriginal 
Languages of India;—W. R. Birt, Fourth Report on Atmospheric Waves ; —Prof. W. 
H. Bove, Temperature Tables, with Introductory Remarks by Lieut.-Col. E. Sabine; 
—A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Con¬ 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS op the EIGHTEENTH MEETING, at Swansea, 
1848, Fublislied at 95. 

Contents: —Rev. Prof. Powell, A Catalogue of Observations of Luminous 
Meteors;—J. Glynn, on Water-pressure Engines;—R. A. Smith, on the Air and 
Water of Towns;—Eighth Report of Committee on the Growth and Vitality of Seeds; 
—W. R. Birt, Fifth Report on Atmospheric Waves;—E. Schnnck, on Colouring 
Matters;—J. P. Budd, on the advantageous use made of the gaseous escape from the 
Blast Furnaces at the Ystalyfera Iron Works;—R. Hunt, Report of process in the 
investigation of the Action of Carbonic Acid on the Growth of Plants allied to those 
of the Coal Formations ;—Prof. H. W. Bove, Supplement to the Temperature Tables 
printed in the Report of the British Association for 1847;—Remarks by Prof. Bove on 
his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of tbe principal Conclusions in regard to Climatology deducible from them; 
with an introductory Notice by Lieut.-Col. E. Sabine;—Br. Baubeny, on tbe progress 
of the investigation on the Influence of Carbonic Acid on the Growth of Ferns;—J. 
Phillips, Notice of further progress in Anemometrical Researches;—Mr. Mallet’s 
Letter to the Assistant-General Secretary;—^A, Erman, Second Report on the 
Gaussian Constants;—Report of a Committee relative to the expediency of recom¬ 
mending the continuance of the Toronto Magnetical and Meteorological Observatory 
until Becember 1850. 

Together with the Transactions of the Sections, the Marquis of Northa^mpton’s 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS op the NINETEENTH MEETING, at Biriningliain, 
1849, FuUished at IO 5 . 

Contents: —Rev, Prof. Powell, A Catalogue of Observations of Luminous 
Meteors;—Earl of Rosse, Notice of Nebulge lately observed in the Six-feet Reflector; 
—Prof. Baubeny, on the Influence of Carbonic Acid Gas on the health of Plants, 
especially of those allied to the Fossil Remains found in the Coal Formation;—Dr. 
Andrews, Report on the Heat of Combination;—Report of the Committee on the 
Registration of the Periodic Phenomena of Plants and AnimalsNinth Report of 
Committee on Experiments on the Growth and Vitality of Seeds;—F. Ronalds, 
Report concerning the Observatory of the British Association at Kew, from Aug, 9, 
1848 to Sept. 12, 1849;—B. Mallefc, Report on the Experimental Inquiry on Railway 
Bar CorrosionW. R. Birt, Report on the Biscussion of the Electrical Observations 
at Kew» 

Together with the Transactions of the Sections, the Rev. T, R. Robinson’s Address, 
and Recommendations of the Association and its Conamittees. 


PROCEEDINGS op the TWENTIETH MEETING, at Edinburgli, 
1850, FvhUshed at 155. (Out of Prmt.) 

Contents: —R, Mallet, First Report on the Facts of Earthquake Phenomena;— 
Bev, Prof, Powell, on Observations of Luminous Meteors;—Br. T. Williams, on the 
Structure and History of the British Annelida;—T. 0. Hunt, Results of Meteoro¬ 
logical Observations taken at St. Michael’s from the 1st of January, 1840, to the 81st 

1884. 3 Q 
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of December, 1840R. Himt, on the present State of our Knowledge of the 
Chemical Action of the Solar Radiations-Tenth Report of Committee on Experi¬ 
ments on the Growth and Vitality of Seeds]Major-Gen* Briggs, Report on the 
Aboriginal Tribes of IndiaF. Ronalds, Report concerning the Observatory of the 
British Association at Kew;—E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the DredgeR- MaCxVndrew, Notes on the Distribution 
and Range in depth of Mollusca and other Marine Animals, observed on the coasts 
of Spain, Portugal, Barbary, Malta, and Southern Italy in 1849 Prot. Allman, ou 
the Present State of our Knowledge of the Freshwater Polyzoa;—Registration of 
the Periodical Phenomena of Plants and Animals Suggestions to Astronomers for 
the Observation of the Total Eclipse of the Sun on July 28,1851, 

Together with the Transactions of the Sections, Sir^ David Brewster’s Address, 
and Recommendations of the Association and its Committees. 

PROCEEDIITGS OP the TWENTY-EIRST MEETING, at Ipswicb, 
1851, FuhUshecl at I 65 . 6d. 

Contents: —Rev. Prof. Powell, on Observations of Luminous Meteors;— 
Eleventh Report of Committee on Experiments on the Growth and Vitality of 
Seeds;—Dr. J. Drew, on the Climate of Southampton;—Dr. R. A. Smith, on the 
Air and Water of Towns: Action of Porous Strata, Water, and Organic Matter; — 
Report of the Committee appointed to consider the probable Eftects in an Econo¬ 
mical and Physical Point of View of the Destruction of Tropical Forests;—^A. 
Henfrey, on the Reproduction and supposed Existence of Sexual Organs in the 
Higher Cryptogamous Plants;—Dr. Daubeny, on the Nomenclature of Organic Com¬ 
pounds Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology; 
—Dr. T, Williams, Report on the British Annelida;—R. Mallet, Second Report on 
the Facts of Earthquake Phenomena;—Letter from Prof. Henry to Col. Sabine, on 
the System of Meteorological Observations proposed to be established in the United 
States;—Col. Sabine, Report on the Kew Magnetographs;—J. Welsh, Report on the 
Performance of his three Magnetographs during tlie Experimental Tiial at the 
Kew Observatory;—F. Ronalds, Report concerning the Observatory of the British 
Association at Kew, from September 12,1850, to July 31, 1851Ordnance Survey 
of Scotland, 

Together with the Transactions of the Sections, Prof, Airy’s Address, and Recom¬ 
mendations of the Association and its Committees, 


PROCEEDINGS op the TWENTT-SECOND MEETING, at Belfast, 
1852, Published at 155. 

Contents: —R. Mallet, Third Report on the Facts of Earthquake Phenomena- 
Twelfth Report of Committee on Experiments on the Growth and Vitality of Seeds; 
—^Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1851-62;— JDr. 
Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants; 
—^A Manual of Ethnological Inquiry;—OoL Sykes, Mean Temperature of the Day, 
and Monthly Fall of Rain at 127 Stations under the Bengal j^esidency;—Prof. J. 
D. Forbes, on Experiments on the Laws of the Conduction of Heat;—R. Hnni, on 
the Chemical Action of the Solar Radiations-Dr. Hodges, on the Composition and 
Economy of the Flax PlantW. Thompson, on the Freshwater Fishes of Ulslor;— 
W. Thompson, Supplementary Report on the Fauna of Ireland ;—W. Wills, on the 
Meteorology of BirminghamJ. Thomson, on the Vortex-Water-WheelJ, B, 
Lawes and Dr, Gilbert, on the Composition of Foods in relation to Respiration and 
the Feeding of Animals, 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and 
Recommendations of the Association and its Committees. 

PROCEEDINGS op the TWENTY-THIRD MEETING, at Hull, 
1863, PulUshed at IO 5 . 6d. 

Oon^cents;—R ev. Prof. Powell, Report on Observations of Luminous Meteors, 
<J?imes Oldham, on the Physical Features of the Humber j—James Old- 
Rise, Progress, and Present Position of Steam Navigation in Hull;-— 
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William Fairbairn, Experimental Eesearcbes to determine the Strength of Locomo¬ 
tive Boilers, and the causes which lead to Explosion;—J. J. Sylvester, Provisional 
Eeport on the Theory of Determinants;—Professor Hodges, M.D., Eeport on the 
Oases evolved in Steeping Flax, and on the Composition and Economy of the Flax 
Plant;—Thirteenth Eeport of Committee on Experiments on the Growth and 
Yitality of Seeds;—Eobert Hunt, on the Chemical Action of the Solar Eadiations; 
—Dr. John P. Bell, Observations on the Character and Measurements of Degrada¬ 
tion of the Yorkshire Coast;—First Eeport of Committee on the Physical Character 
of the Moon’s Surface, as compared with that of the Earth;—E. Mallet, Provisional 
Eeport on Earthquake Wave-Transits; and on Seismometrical Instruments;— 
William Fairbairn, on the Mechanical Properties of Metals as derived from repeated 
Meltings, exhibiting the maximum point of strength and the causes of deterioration ; 
—Eobert Mallet, Third Eeport on the Facts of Earthquake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and 
Eecommendations of the Association and its Committees. 


PEOGEBDINGS of the TWEKTY.POUETH MEETING, at Liver¬ 
pool, 1854, F'Mished at 18s. 

Contents : —E. Mallet, Third Eeport on the Pacts of Earthquake Phenomena 
(continued);—Major-General Chesney, on the Construction and General Use of 
Efficient Life-Boats;—Eev. Prof. Powell, Third Eeport on the present State of our 
Knowledge of Eadiant Heat;—Colonel Sabine, on some of the results obtained at 
the British Colonial Magnetic Observatories;—Odonel Portlock, Eeport of the 
Committee on Earthquakes, with their proceedings respecting Seismometers ;—Dr. 
Gladstone, on the Influence of the Solar Eadiations on the Vital Powers of Plants, 
Part 2;—Rev. Prof. Powell, Eeport on Observations of Luminous Meteors, 1853-54 ; 
—Second Eeport of the Committee on the Physical Character of the Moon’s Surface; 
—W. G. Armstrong, on the Application of Water-Pressure Machinery;—J. B. Lawes 
and Dr. Gilbert, on the Equivalency of Starch and Sugar in Food;—^Archibald 
Smith, on the Deviations of the Compass in Wooden and Iron Ships;—Fourteenth 
Eeport of Committee on Experiments on the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, 
and Eecommendations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-EIPTH MEETING, at Glasgow, 
1855, FuhUshed at 155. 

Contents: —T. Dobson, Eeport on the Relation between Explosions in Coal- 
Mines and Revolving Storms;—Dr, Gladstone, on the Influence of the Solar Eadia¬ 
tions on the Vital Powers of Plants growing under different Atmospheric Conditions, 
Part 3;—C. Spence Bate, on the British Edriophthalma;—J. F. Bateman, on the 
present state of our knowledge on the Supply of Water to Towns;—^Fifteenth 
Eeport of Committee on Experiments on the Growth and Vitality of Seeds;—Eev. 
Prof. Powell, Eeport on Observations of Luminous Meteors, 1854“65;—Eeport of 
Committee appointed to inquire into the best means of ascertaining those properties 
of Metals and effects of various modes of treating them which are of importance 
to the durability and efficiency of Artillery;—Eev, Prof. Henslow, Eeport on Typical 
Objects in bfatural History;—^A. Follett Osier, Account of the Self-registering 
Anemometer and Eain-Gauge at the Liverpool Observatory;—Provisional Eeports. 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, 
and Eeconomendations of the Association and its Committees. 


PROCEEDINGS of the TWENTY-SIXTH MEETING, at Chel- 
tenliam, 1856, Published at 18s. 

Contents *.—Eeport from the Committee appointed to investigate and report 
the effects produced upon the Channels of the Mersey by the alterations which 
within the last fifty years have been made in its Banks;—J. Thomson, Interim 
Eeport on progress in Eesearches on the Measurement of Water by Weir Boards;— 

3q2 
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Dredging Report, Frith of Clyde, 1856;—Rev. B. Powell, Report on Observations of 
Luminous Meteors, 1856-1856Prof. Bunsen and Dr. H. E. Roscoe, Photochemical 
ResearchesRev. James Booth, on the Trigonometry of the Parabola, and the 
Geometrical Origin of Logarithms ;—R. MacAndrew, Report on the Marine 
Testaceous Mollusca of the North-east Atlantic and neighbouring Seas, and the 
physical conditions affecting their development;—?. P. Carpenter, Report on the 
present state of our knowledge with regard to tlie Mollusca of the West Coast ol 
North America;—?. C. Eyton, Abstract of First Report on the Oyster Beds and 
Oysters of the British ShoresProf. Phillips, Report on Cleavage, and Foliation in 
Rocks, and on the Theoretical Explanations of these Phenomena, Pari 1Dr. T. 
Wright, on the Stratigraphical Distribution of the Oolitic Echmodermata;—^W. 
Fairbaixn, on the Tensile Strength of Wrought Iron at various Temperatures C. 
Atherton, on Mercantile Steam Transport EconomyJ. S. Bowerbank, on the Vital 
Powers of the Spongiadse;—Report of a Committee upon the Experiments con¬ 
ducted at Stormontfield, near Perth, for the artificial propagation of Salmon; —Pro¬ 
visional Report on the Measurement of Ships for Tonnage On Typical Forms o£ 
Minerals, Plants and Animals for Museums;—J. Thomson, Interim Report on Pro¬ 
gress in Researches on the Meaburement of Water by Weir Boards;—R. Mallet, on 
Observations with the SeismometerA. Cayley, on the Progress of Theoretical 
Dynamics;—Report of a Committee appointed to consider the formation of a 
Catalogue of Philosophical Memoirs. 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS op the TWENTY-SEVENTH MEETING, at 
DubKn, 1857, Published at 15s. 

Contents :—A. Cayley, Report on the recent progress of Theoretical Dynamics; 
—Sixteenth and Final Report of Committee on Experiments on tlie Growth and 
Vitality of Seeds;—James Oldham, G.E., continuation of Report on Steam Navigation 
at Hull;—Report of a Committee on the Defects of the present methods of Measur¬ 
ing and Registering the Tonnage of Shipping, as also of Marine Engine-Power, and 
to frame more perfect rules, in order that a correct and uniform principle may be 
adopted to estimate the Actual Carrying Capabilities and Working-power of Steam 
Ships;—Robert Were Fox, Report on the Temperatui'e of some Deep Mines in Corn¬ 
wall Dr. G. Plarr, de quelques Transformations de la Somme ^ 

* ® -f. * 

a 6tant entier n%atif, et de quelques cas dans lesquelb cette sommo est exprimablo 
par une combinai&on de factorielles, la notation a*\ + * designant le produit des- 
faoteigsa (ot+l) (a+3) &c.,..(a-i-it -1);—G. Dickie, M.D., Report on the Marine 
Zoology of Strangford Lough, County Down, and corresponding part of the Irish 
Channel;—Charles Atherton, Suggestions for Statistical Inquiry into the Extent to 
which Mercantile Steam Transport Economy is affected by the Constructive Typo ol 
Shipping, as respects the Proportions of Length, Breadth, and DepthJ. S. Bowci- 
bank, Further Report on the Vitality of the Spongiada 3 Dr. Joim P. Hodges, on 
Flax;—^Major-General Sabine, Report of the Committee on the Magnetic Survey of 
Great Britain;—Rev. Baden Powell, Report on Observations of Luminous Meteors, 
1856-67;—C. Vignoles, on the Adaptation of Suspension Bridges to sustain the 
passage of Railway Trains;—Prof. W. A. Miller, on Electro-Chemistiy;—John 
Simpson, Results of Thermometrical Observations made at the Plover's Wintering- 
place, Point Barrow, latitude 71® 21' N., long. 156® 17'W., in 1852-64;—Charles 
James Hargreave, on the Algebraic Couple; and on the Equivalents of Indetermi¬ 
nate Expressions;—Thomas Grubb, Report on the Improvement of Telescope and 
Equatorial MountingsProf. James Buckman, Report on the Experimental Idots 
in the Botanical Garden of the Royal Agricultural College at CirencesterWilliam 
Fmxbaim, on the Resistance of Tubes to CollapseGeorge C. Hyndman, Report of 
the Proceedings of the Belf^t Dredging CommitteePeter W. Barlow, on the 
iB^echanioal Effect of conabining Girders and Suspension Chains, and a Comparison 
or Weight of Metal in Ordinary and Suspension Girders, to produce equal de- 
ffections with a given loadJ. Park Harrison, Evidences of Lunar Influence on 
TemperatureReport on the Animal and Vegetable Products imported into Liver- 
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pool from the year 1861 to 1855 (inclusive) ;—^Andrew Henderson, Eeport on the Sta¬ 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom, 

Together with the Transactions of the Sections, the Rev. H, Lloyd’s Address, and 
Recommendations of the Association and its Committees. 

PHOCEEDIhTGS OF the TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20^. 

Contents R. Mallet, Fourth Report upon the Facts and Theory of Earthquake 
PhenomenaRev. Prof. Powell, Report on Observations of Luminous Meteors, 1867- 
1858;—R. H. Meade, on some Points in the Anatomy of the Araneidea or true Spiders, 
especially on the internal structure of their Spinning Organs;—Fairbairn, Report 
of the Committee on the Patent Laws;—S. Eddy, on the Lead Mining Districts of 
Yorkshire;—W. Fairbairn, on the Collapse of Olass G-lobes and Cylinders;—Dr. E. 
Perceval Wright and Prof. J. Reay Oreene, Report on the Marine Fauna of the South 
and West Coasts of Ireland;—Prof. J. Thomson, on Experiments on the Measurement 
of Water by Triangular Notches in Weir Boards;—Major-General Sabine, Report of 
the Committee on the Magnetic Survey of Great Britain;—Michael Connel and 
William Keddie, Report on Animal, Tegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, 
and Port Glasgow) in the years 1853, 1854, 1855, 1856, and 1857;—-Report of the 
Committee on Shipping Statistics ;-“Rev. H. Lloyd, D.D., Notice of the Instruments 
employed in the Magnetic Survey of Ireland, with some of the Results;—Prof. J. R. 
Kinahan, Report of Dublin Dredging Committee, appointed 1857-58;—Prof. J. R. 
Kinahan, Report on Crustacea of Dublin District;—Andrew Henderson, on River 
Steamers, their Form, Construction, and Fittings, with reference to the necessity for 
improving the present means of Sh^low-Water Navigation on the Rivers of British 
India;—George 0. Hyndman, Report of the Belfast Dredging Committee;—Appendix 
to Mr. Vignoles’ Paper * On the Adaptation of Suspension Bridges to sustain the 
passage of Railway Trains; ’—Report of the Joint Committee of the Royal Society 
and the British Association, for procuring a continuance of the Magnetic and 
Meteorological Observatories;—R. Beckley, Description of a Self-recording Ane¬ 
mometer. 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Re¬ 
commendations of the Association and its Committees. 

PROCEEDINGS of the TWENTT-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15s. 

Contents :—George C. Foster, Preliminary Report on the Recent Progress and 
Present State of Organic Chemistry;—Professor Buckman, Report on the Growth of 
Plants in the Garden of the Royal Agricultural College, CirencesterDr. A. Voelcker, 
Report on Field Experiments and Laboratory Researches on the Constituents of 
Manures essential to Cultivated Crops;—^A. Thomson, of Banchory, Report on 
the Aberdeen Industrial Feeding Schools;—On the Upper Silurians of Lesmahagow, 
Lanarkshire;—^Alphonse Gages, Report on the Results obtained by the Mechanico- 
Chemical Examination of Rocks and Minerals;—William Fairbairn, Experiments to 
‘determine the Efficiency of Continuous and Self-acting Brakes for Railway Trains;— 
Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for 1858-60;— 
Rev. Baden Powell, Report on Observations of Luminous Meteors for 1858-69;— 
Professor Owen, Report on a Series of Sktdls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., 
late Resident in Nepal,&c. &o.;—Messrs. Maskelyne, Hadow,Hardwich, and Llewelyn, 
Report on the Present State of our Knowledge regarding the Photographic Image; — 
G# 0. H 3 rndman, Report of the Belfast Dredging Committee for 1859;—James 
Oldham, Continuation of Report of the Progress of Steam Navigation at Hull;— 
Charles Atherton, Mercantile Steam Transport Economy as ajBtected by the Con¬ 
sumption of Coals;—Warren De La Rue, Report on the present state of Celestial 
Photo^aphy in England;—Professor Owen, on the Orders of Fossil and Recent 
Beptilia, and their Distribution in Time;—Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858j undertaken, at the request 
jof the British Association, by the late John Welsh, Esq., F.R.8.;—W. Fairbaiim, The 
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Patent Laws: Beport of Committee on the Patent Laws j—J. Park Harrison, Lunar 
Influence on the Temperature of the AirBalfour Stewart, an Account of the Con¬ 
struction of the Self-recording Magnetographs at present in operation at the Kew 
Observatory of the British AssociationProfessor H. J. Stephen Smith, Beport on 
the Theory of Numbers, Part I.;—Beport of the Committee on Steamship Performance; 
—Beport of the Proceedings of the Balloon Committee of the British Association 
appointed at the Meeting at LeedsProf. William K, Sullivan, Piehminary 
Beport on the Solubility of Salts at Temperatures above 100° Cent., and on the 
Mntual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and 
Becommendations of Ihe Association and its Committees. 


PROCEEDINGS op the THIRTIETH MEETING, at Oxford, June 
and July 1860, TiMished at 15s. 

Contexts: —James Grlaisher, Beport on Observations of Luminous Meteors, 
1869-60;—J. B. Kinahan, Beport of Dublin Bay Dredging Committee;—Bev. J. 
Anderson, Bepoit on the Excavations in Dura Den;—Prof, Buckman, Beport on 
the Experimental Plots in the Botanical Garden of the Boyal Agricultural College, 
Cirencester;—Bev. B. Walker, Beport of the Committee on Balloon Ascents;—Prof, 
W. Thomson, Beport of Committee appointed to prepare a Self-recording Atmo¬ 
spheric Electrometer for Kew, and Portable Apparatus for observing Atmospheric 
Electricity;—^William Fairbairn, Experiments to determine the Effect of Vibratory 
Action and long-continued Changes of Load upon Wrought-iron Girders; —R. P. 
Greg, Catalogue of Meteorites and Fireballs, from a.d. 2 to A.d. 1860;— Prof. H. J. S. 
Smith, Beport on the Theory of Numbers, Part II.;—^Vice-Admiral Moorsom, on the 
Performance of St earn-vessels, the Functions of the Screw, and the Relations of its 
Diameter and Pitch to the Form of the Vessel;—Bev, W. V, Harcourt, Beport on the 
Effects of long-continued Heat, illustrative of Geological PhenomenaSecond 
Report of the Committee on Steamship Performance;—^Interim Report on the Gauging 
of Water by Triangular NotchesList of the British Marine Invertebrale Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and 
Recommendations of the Association and its Committees* 


PROCEEDINGS of the THIRTY-PIRST MEETING, at Manelies- 
ter, September 1861, PulMshed at ^1. 

Contexts : —James Glaishcr, Beport on Observations of Luminous Meteors 
Dr. E. Smith, Beport on the Action of Prison Diet and Discipline on the Bodily 
Functions of Prisoners, Part 1.Charles Atherton, on Freight as affected by Differ¬ 
ences in the Dynamic Properties of Steamships;—Warren De La Bue, Report on'the 
Progress of Celestial Pholopaphy since the Aberdeen Meeting;—B. Stewart, on tlie 
Theory of Exchanges, and its recent extension;—Drs. E. Schunck, B. Angus Smith, 
andH. E. Bosooe, on the Recent Progress and Present Condition of Manufacturing 
Chemistry in the South Lancashire District;—Dr, J. Hunt, on Ethno-CIimatology; 
or, the Acclimatization of Man;—Prof. J. Thomson, on Experiments on tlic* Gauging 
of Water by Triangular Notches;—Dr. A. Voelcker, Report on Field Experiments 
and Laboratory Researches on the Constituents of Manures ossoutial to cultivated 
Crops;—^Prof. H. Hennessy, Provisional Beport on the Present State of our Knowledge 
respecting the Transmission of Sound-signals during Fogs at Sea;—Dr. P, L, Sclater 
and F. von Hochstetter, Beport on the Present State of our Knowledge of the Birds 
of the Genus Aftmnjx living in New ZealandJ. G. Jeffreys, Beport of the Results 
of Deep-sea Dredging in Zetland, with a Notice of several Species of Mollusca new 
to Science or to the British Isles;—'Prof. J, Phillips, Contributions to a Report on 
tihe Physical Aspect of the Moon;—^W. B. Birt, Contribution to a Beport on the Phy¬ 
sical Ai^ct of the Moon;—Dr. Collingwood and Mr. Byerley, Preliminary Beport. 
of the Dredging Committee of the Mersey and DeeThird Beport of the Committee 
on Stea33Qship PerformanceJ. G. JefEreys, Preliminary Report on the Best Mode of 

preventing the Ravages of Teredo and other Animals in our Ships and Harbours;_ 

R* MaBet, Beport on the Experiments made at Holyhead to ascertain the Transit- 
Velocity of Waves, analogous to Earthquake Waves, through the local Bock Formations 



967 


—T. J)obson, on the Esplosionsin British Coal-Mines during the year 1859;—J. Old¬ 
ham, Continuation of Eeport on Steam Navigation at Hull ; —Prof. G*. Dickie, Brief 
Summary of a Eeport on the Flora of the North of Ireland ; —^Prof, Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman 
Islands, and on the Eelations thereby indicated to other Races of Mankind;—Colonel 
Sykes, Eeport of the Balloon Committee;—Major-General Sabine, Report on the Re¬ 
petition of the Magnetic Survey of England;—Interim Report of the Committee for 
Dredging on the North and East Coasts of Scotland;—W. Fairbairn, on the Eesist- 
ance of Iron Plates to Statical Pressure and the Fprce of Impact by Projectiles at 
High Velocities;— W. Pairbaim, Continuation of Eeport to determine the effect of 
Vibratory Action and long-continued Changes of Load upon Wrought-Iron Girders; 
—Eeport of the Committee on the Law of Patents;—Prof. H. J. S. Smith,Eeport on 
the Theory of Numbers, Part III. 

Together with the Transactions of the Sections, Mr. Fairbaiin*s Address, and Re¬ 
commendations of the Association and its Committees. 


PROCEEDINGS OF the THIETY-SECOND MEETING at Cam- 
bridge, October 1862, Published at £1. 

Contents :—James Glaisher, Eeport on Observations of Luminous Meteors, 1851- 
62G. B. Airy, on the Strains in the Interior of Beams;—Archibald Smith and F. 
J. Evans, Eeport on the three Reports of the Liverpool Compass Committee;—Eeport 
on Tidal Observations on the Humber;—T. Aston, on Rifled Guns and Projectiles 
adapted for Attacking Armour-plate Defences ;~-Extracts, relating to the Observa¬ 
tory at Kew, from a Report presented to the Portuguese Government, by Dr. J. A, 
de Souza;—H. T. Mennell, Eeport on the Dredging of the Northumberland Coast 
and Dogger Bank;—Dr. Cuthbert Collingwood, Report upon the best means of ad¬ 
vancing Science through the agency of the Mercantile Marine;—Messrs. Williamson, 
Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, Provisional Report on Stan¬ 
dards of Electrical Resistance;—Preliminary Report, of the Committee for investiga¬ 
ting the Chemical and Mineralogical Composition of the Granites of Donegal;—^Prof. 
H. Hennessy, on the Vertical Movements of the Atmosphere considered in connec¬ 
tion with Storms and Changes of Weather;—Report of Committee on the application 
of Gauss*s General Theory of Terrestrial Magnetism to the Magnetic Variations;— 
Fleeming Jenkin, on Thermo-electric Currents in Circuits of one Metal;—W. Fair- 
hairn, on the Mechanical Properties of Iron Projectiles at High Velocities;—A. Cay- * 
ley, Eeport on the Progress of the Solution of certain Special Problems of Dynamics; 
—Prof. G, G. Stokes, Eeport on Double Refraction;—Fourth Report of the Committee 
on Steamship Performance ;—G. J. Symons, on the Pall of Bain in the British Isles 
in 1860 and 1861 J. Ball, on Thermometric Observations in the AlpsJ. G. 
Jeffreys, Eeport of the Committee for Dredging on the North and East Coasts of 
Scotland;—Eeport of the Committee on Teclmical and Scientific Evidence in Courts 
of Law;—James Glaisher, Account of Eight Balloon Ascents in 1862Prof. H. J. S. 
Smith, Eeport on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Addres.s, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or the THIRTT-THIED MEETING, at New- 
castle-upoH-Tyne, August/ and September 1863, Published at £1 5s, 

Contents : —Eeport of the Committee on the Application of Gun-cotton to War¬ 
like Purposes;—^A. Matthiessen, Eeport on the Chemical Nature of Alloys;—Eeport 
of the Committee on the Chemical and Mineralogical Constitution of the Granites of 
Donegal, and on the Rocks associated with them;—J. C. JejSreys, Eeport of the Com¬ 
mittee appointed for exploring the Coasts of Shetland by means of the Dredge ;— 
G. D. Gibb, Report on the Physiological Eflects of the Bromide of Ammonium;—C. K. 
Aken, on, the Transmutation of Spectral Rays, Part I.; —Dr, Eohinson, Report of the 
Committee on Fog Signals;—Report of the Committee on Standards of Electrical 
Resistance;—E. Smith, Abstract of Eeport by the Indian Government on the Foods 
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used by the Free and Jail Populations in India j—A* Gages, Synlbetical Researches 
on the Formation of Minerals, «fec.R. Mallet, Preliminary Report on tho Fxperi* 
mental Determination of the Temperatures of Volcanic Foci, and of the Temperature, 
State of Saturation, and Velocity o£ the issuing Gases and Vapours;—Report of the 
Committee on Observations of Luminous Meteors;—Fifth Report of the Committee 
on Steamship PerformanceG. J. Allman, Report on tho Present State of our Know¬ 
ledge of the Reproductive System in the HydroidaJ, Qlaisher, Account of Five Bal¬ 
loon Ascents made in 1863P. P. Carpenter, Supplementary Report on the Present 
State of our Knowledge with regard to the Mollusca of the West Coast of North 
America;—Prof. Airy, Report on Steam Boiler Explosions:—0. W. Siemens, Obser¬ 
vations on the Electrical Resistance and Electrification of some Insulating Materials 
under Pressures up to 300 Atmospheres;—C. M. Palmer, on the Construction of Iron 
Ships and the Progress of Iron Shipbuilding on the Tyne, Wear, and Tees;—Messrs. 
Richardson, Stevenson, and Clapham, on the Chemical Manufactures of the Northern 
Districts ;—Messrs. Sopwith and Richardson, on the Local Manufactuie^ of Lead, 
Copper, Zinc, Antimony, &c.;—Messrs. Daglish and Forster, on the Magnesian Lime¬ 
stone of Durham;—^I. L. Bell, on the Manufacture of Iron in connexion with the 
Northumberland and Durham Coal-field;—T. Spencer, on the Manufacture of Steel 
in the Northern DistrictProf. H. J. S. Smith, Report on the Theory of Numbers, 
Part V. 

Together with the Transactions of the Sections, Sir William Armstrong's Address, 
and Recommendations of the Association and its Committees. 


PROOEEDIINGS op the THIETT-EOURTH MEETING, at Bath, 
September 1864, Fublished at 18s. 

Contents : —^Repoxt of the Committee for Observalions of Luminous Meteors;— 
Report of the Committee on the best means of providing for a Uniformity of Weights 
and MeasuresT, S. Cobbold, Report of E^eximents respecting the Development 
and^ Migration of the Entozoa;—B. W. Richardson, Report on tho Physiological 
Action of Nitrite of Amyl;—J. Oldham, Report of the Conamittee on Tidal Observa¬ 
tions ;—G. S. Brady, Report on Deep-sea Dredging on the Coasts of Northumberland 
and Durham in 1864J. Glaisher, Account of Nine Balloon Ascents made in 1863 
and 1864;—J. G. Jeffreys, Further Report on Shetland Dredgings;—Report of the 
Committee on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field;—Report of the Committee on Standards of Electrical Resistance;—G. J. 
Symons, on the Fall of Rain in the British Isles in 1862 and 1863;—W. Fairbairn, 
Preliminary Investigation of the Mechanical Properties of the proposed Atlantic 
Cable. 

Together with the Transactions of the Sections, Sir Charles Lybll’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS op the THIRTT-EIETH MEETING, at Birming. 
ham, September 1865, Fublished at £1 5s. 

Contents: —J. G. Jeffreys, Report on Dredging among tho Channel Islo^;—F, 
BucMand, Report on the Cultivation of Oysters by Natural and Artificial Methods;— 
Report of the Committee for exploring Kent’s CavernReport of the Committee 
on Zoological Nomenclature;—Report on the Distribution of the Organic Remains 
of the North Staffordshire Coal-field;—Report on tho Marine Fauna and Flora of 
the South Coast of Devon and Cornwall;—^Interim Report on tlie Resistance of 
Water to Floating and Immersed Bodies;—Report on Observations of Luminous 
Meteors;—^Report on Dredging on the Coast of Aberdeenshire;—J. Glaisher, Account 
of Three Balloon AscentsInterim Report on the Transmission of Sound under 
WaterG. J. Symons, on the Rainfall of the British IslesW. Fairbairn, on the 

Strength of Materials considered in relation to the Construction of Iron Ships;_ 

^port of the Gun-Cotton CommitteeA. F, Osier, on the Horary and Diurnal 
Variations in the Direction and Motion of the Air at Wrottcsloy, Liverpool, and 
Birmingham;—W. Richardson, Second Report on the Physiological Action of 
certain of the Amyl CompoundsReport on further Researches in the Lingula- 
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flags of South Wales;—Eeport of the Lunar Committee for Mapping the Surface of 
the Moon;—Report on Standards of Electrical Resistance;—Report of the Com¬ 
mittee appointed to communicate with the Russian Government respecting Mag- 
netical Observations at Tiflis;—Appendix to Report on the Distribution of the Verte¬ 
brate Remains from the North Staffordshire Coal-field;—H. Woodward, First Report 
on the Structure and Classification of the Fossil Crustacea;—Prof. H. J. S. Smith, 
Report on the Theory of Numbers, Part VI.;—Report on the best means of providing 
for a Uniformity of Weights and Measures, with reference to the interests of Science: 
—^A. G. Findlay, on the Bed of the Ocean;—Prof. A. W. Williamson, on the Com¬ 
position of Gases evolved by the Bath Spring called Ring’s Bath. 

Together with the Transactions of the Sections, Prof. Phillips’s Address, and Re¬ 
commendations of the Association and its Committees. 


PEOCEEDmGS OP THE THIRTY-SIXTH MEETING, at Notting- 
liani, August 1866, Fublished at £1 4s, 

Contents : —Second Report on Kent’s Cavern, Devonshire;—A. Matthiessen, 
Preliminary Report on the Chemical Nature of Cast Iron;—Report on Observations 
■of Luminous Meteors;—W. S. MitcheU, Eeport on the Alum Bay Leaf-bed ,*— 
Report on the Resistance of Water to Floating and Immersed Bodies;—Dr. Norris, 
Report on Muscular Irritability;—Dr. Richardson, Report on the Physiological 
Action of certain compounds of Amyl and Ethyl;—H. Woodward, Second Report on 
the Structure and Classification of the Fossil Crustacea;—Second Report on 
the * Menevian Group,’ and the other Formations at St. David’s, Pembrokeshire ; 
—J. G. Jeffreys, Report on Dredging among the Hebrides;—Rev. A. M. Norman, 
Report on the Coasts of the Hebrides, Part II.;—J. Alder, Notices of some Inverte- 
brata, in connexion with Mr. Je&eys’s Report;—G. S. Brady, Report on the 
Ostranoda dredged amongst the Hebrides;—Report on Dredging in the Moray Firth; 
—Report on the Transmission of Sound-Signals under Water;—Report of the Lunar 
'Committee,;* 7 -’Report of the Rainfall Committee;—Report on the best means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests 
of ScienceJ. Glaisher, Account of Three Balloon Ascents;—Report on the Extinct 
Birds of the Mascarene Islands;—Eeport on the Penetration of Ironclad Ships ]by 
Bteel Shot;—J. A. Wanklyn, Report on Isomerism among the Alcohols;—^Report on 
Scientific Evidence in Courts of Law;—^A, L, Adams, Second Report on Maltese 
Fossilif erous Caves, &c. 

Together with the Transactions of the Sections, Mr. Grove’s Address, and Recom¬ 
mendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-SEVENTH MEETING, at 
Dundee, September 1867, Published at £1 6^. 

Contents : —Report of the Committee for Mapping the Surface of the Moon;— 
Third Report on Kent’s Cavern, Devonshire \—On the present State of the Manu¬ 
facture of Iron in Great Britain;—Third Report on the Structure and Classification 
of the Fossil Crustacea;—Report on the Physiological Action of the Methyl Com¬ 
pounds ;—Preliminary Report on the Exploration of the Plant-Beds of North Green¬ 
land ;—Report of the Steamship Performance Committee ;—On the Meteorology of 
Port Louis, in the Island of Mauritius;—On the Construction and Works of the 
Highland Railway;—Experimental Researches on the Mechanical Properties of 
SteelReport on the Marine Fauna and Flora of the South Coast of Devon and 
Cormvall;—Supplement to a Report on the Extinct Didine Birds of the Mascarene 
Islands;—Report on Observations of Luminous Meteors;—Fourth Report on Dredging 
.among the Shetland Isles;—Preliminary Report on the Crustacea, &c., procured by 
the Shetland Dredging Committee in 1867;—Report on the Foraminifera obtained 
in the Shetland Seas;—Second Report of the Rainfall CoinmitteeReport on the 
best means of providing for a Uniformil^ of Weights and Measures, with reference 
-to the interests of Science;—Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the 
Association and its Committees. 
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PROOEEDIJSTGS of the THIRTY-EIGHTH MEETING, at Nor- 
wicli, August 1868, FMished at £1 5s, 

Contents: —Beport of the Lunar Coramittee —Fourth Eeport on Kent’s Caverny 
Devonshire;—On Puddling Iron;—Fourth Eeport on the Structure and Classifica¬ 
tion of the Fossil Crustacea Eeport on British Fossil Corals ;—Eeport on Spectro¬ 
scopic Investigations of Animal Substances;—Eeport of Steamship Performance 
Committee;—Spectrum Analysis of the Heavenly Bodies On Stellar Speotro- 
jnetry;—Eeport on the Physiological Action of the Methyl and allied Compounds;— 
Eeport on the Action of Mercury on the Biliary Secretion;—Last Eeport on Dredg¬ 
ing among the Shetland Isles;—Eeports on the Crustacea, &c., and on the Annelida 
and Foraminifera from the Shetland Dredgings ;~Eeport on the Chemical Nature of 
Cast Iron, Part I.;—^Interim Eeport on the Safety of Merchant Ships and their 
Passengers;—Eeport on Observations of Luminous Meteors;—Preliminary Eeport 
on Mineral Veins containing Organic EemainsEeport on the Desirability ol 
Explorations between India and China;—Eeport of’ Eainfall Committee ,e;--Ee- 
port on Synthetical Eesearches on Organic Acids;—Eeport on Uniformity of Wights 
and Measures;—Eeport of the Committee on Tidal Observations;—EeporW^f the 
Committee on Underground Temperature;—Chang'es of the Moon’s Surface;—*Ee- 
port on Polyatomic Cyanides. 

Together with the Transactions of the Sections, Dr. Hooker’s Address, and Eecom- 
mendations of the Association and its Committees. 


PROCEEDINGS of the THIRTY-NINTH MEETING, at Exei 
Angnst 1869, Fuhlished at £1 2$, 

Contents : —Eeport on the Plant-beds of North Greenland;—Eeport on £ 
existing knowledge on the Stability, Propulsion, and Seagoing qualities of Shi^ 

—Eeport on Steam-boiler Explosions;—^Preliminary Eeport on the Determina“ 
of the Gases existing in Solution in Well-waters;—The Pressure of Taxation 
Eeal Property;—On the Chemical Eeactions of Light discovered by Prof. Tyndalr 
On Fossils obtained at Kiltorkan Quarry, co. Kilkenny;—Beport of the Lunar C^ 
mittee;—Eeport on the Chemical Nature of Cast Iron;—Beport on the Marine Fa^ 
and Flora of the South Coast of Devon and Cornwall;—Eeport on the Praoticabi* 
of establishing a ‘ Close Time ’ for the Protection of Indigenous Animals;—Exp;j 
mental Eesearches on the Mechanical Properties of SteelSecond Eeport^ 
British Fossil Corals;—Eeport of the Committee appointed to get cut and prepa 
Sections of Mountain-Limestone Corals for Photographing ;—Beport on tho Bate 
Increase of Underground Temperature;—Fifth Eeport on Kent’s Cavern, Dovo 
shire;—Eeport on the Connexion between Chemical Constitution and Physiologic^ 
Action;—On Emission, Absorption, and Eeflection of Obscure Heat; Eeport c 
Observations of Luminous Meteors;—Eeport on Uniformity of Weights and Moasuroi 
—^Eeport on the Treatment and Utilization of Sewage;—Supplement to Hocomi 
Beport of the Steamship-Performance CommitteeEeport on Eecent Progress if 
EEiptio and Hyperelliptic Functions;—Eeport on Mineral Veins in OarboniferouT 
Limestone and their Organic Contents Notes on the Foraminifera of Minorajfc 
Veins and the Adjacent Strata;—Eeport of the Eainfall Committee;—Interim Be^ 
port on the Laws of the Flow and Action of Water containing Solid Matter Inl 
Suspension;—Interim Beport on Agricultural Machinery;—Eeport on tho Physio-I 
logmal Action of Methyl and -^lied Series;—On the Influence of Form considered! 


.pis 

Long SheUs of Large Capacity fired obliquely;—Eeport on Standards of ElectricaS 
Besistance. ’ 

Together with the Transactions of the Sections, Prof. Stokes’s Address, and Be- 
Comr^iendations of the Association and its Committees. 
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PROCEEDINGS OF the FORTIETH MEETING, at Liyerpoolj, 
September 1870, PuhUslied at I 85 . 

Contents ; —Beport on Steam-boiler Explosions;—Report of the Committee on 
the Haematite Iron-ores of Great Britain and Ireland;—Beport on the Sedimentary 
Deposits of the Biver Onny;—Report on the Chemical Nature of Cast Iron;—Be¬ 
port on the practicability of establishing a ‘ Close Time ’ for the protection of 
Indigenons Animals ;—Report on Standards of Electrical Resistance;—Sixth Beport 
on Kent’s Cavern;—Third Beport on Underground Temperature;—Second Beport of 
the Committee appointed to get cut and prepared Sections of Mountain-Limestone 
Corals;—Second Report on the Stability, Propulsion, and Seagoing Qualities of 
Ships;—Beport on Earthquakes in Scotland;—Beport on the Treatment and TJtili- 
2 ation of Sewage;—Beport on Observations of Luminous Meteors, 1869- 70;—Report 
on Recent Progress in Elliptic and Hyperelliptic Functions;—Report on Tidal Ob¬ 
servations ;—On a new Steam-power Meter;—Report on the Action of the Methyl 
and Allied Series;—Report of the Rainfall Committee;—Report on the Heat 
generated in the Blood in the Process of Arterialization;—Report on the best 
means of providing for Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Prof. Huxley’s Address, and Re¬ 
commendations of the Association and its Committees. 


PROCEEDINGS op the FORTY-FIRST MEETING, at Edinburgh, 
August 1871, PuhUshecl at 16s. 

Contents: —Seventh Report on Kent’s Cavern;—Fourth Report on Under¬ 
ground Temperature;—^ReiDort on Observations of Luminous Meteors, 1870-71;— 
Fifth Report on the Structure and Classification of the Fossil Crustacea;—Report 
of the Committee appointed for the purpose of urging on Her Majesty’s Government 
the expediency of arranging and tabulating the results of the approaching Census 
in the three several parts of the United Kingdom in such a manner as to admit of 
ready and effective comparison;—Report of the Committee appointed for the purpose 
of Superintending the Publication of Abstracts of Chemical Papers;—Report of the 
Committee for discussing Observations of Lunar Objects suspected of change;— 
Second Provisional Report on the Thermal Conductivity of Metals;—Report on 
the Rainfall of the British Isles;—Third Report on the British Fossil Corals;— 
Report on the Heat generated in the Blood during the Process of Arterialization ^ 
—Report of the Committee appointed to consider the subject of Physiological 
Experimentation;—Report on the Physiological Action of Organic Chemical Com¬ 
pounds ;—Report of the Committee appointed to get cut and prepared Sections of 
Mountain-Limestone Corals;—Second Report on Steam-Boiler Explosions;—Re¬ 
port on the Treatment and Utilization of Sewage Report on promoting the Foun¬ 
dation of Zoological Stations in different parts of the World Preliminary Report 
on the Thermal Equivalents of the Oxides of Chlorine;- Report on the practica¬ 
bility of establishing a * Close Time ’ for the protection of Indigenous Animals; 
—Report on Earthquakes in Scotland;—^Report on the best means of providing for 
a Uniformity of Weights and Measures;—Beport on Tidal Observations. 

Together with the Transactions of the Sections, Sir William Thomson’s Address,, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS of the FORTT-SECOND MEETING, at BngbtoH,. 
August 1872, FuhUshed at £1 4a. 

Contents :—Report on the Gaussian Constants for the Year 1829;—Second Sup¬ 
plementary Report on the Extinct Birds, of the Masqiareue IslandsReport of the* 
Committee for Superintending the Monthly Reports of the Progress of Chemistry 
Report of the Committee on the best means of providing for a Uniformity of 
Weights and Measures;—^Eighth Report on Kent’s Cavern;—^Report on promoting tba 
Foundation of Zoological Stations in different parts of the World;—Fourth Report. 
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on the Fauna of South Devon;—Preliminary Eeporfc of the Committee appointed to 
Construct and Print Catalogues of Spectral JElays arranged upon a Scale o£ Wave¬ 
numbers j—Third Keport on Steam-Boiler Explosions j-—Eeport on Observations of 
Luminous Meteors, 1871-72;—Experiments on the Surface-iriction experienced by 
a Plane moving through Water;—Report of the Committee on the Antagonism be¬ 
tween the Action of Active Substances;—Filth Report on Underground Tempera* 
tnrePreliminary Report of the Committee on Siemens’s Electrical-Resislanco 
Pyrometer;—Fourth Report on the Tieatment and Utilization of Sewage; —Inteiim 
Report of the Committee on Instruments for Measuring the Speed of Ships and 
Currents;—Report on the Rainfall of the British IslesReport of the Committee 
on a Geographical Exploration of the Country of MoabSur Pelimination dcs 
Fonctions Arbitraires;—Report on the Discovery of Fossils in certain remote parts 
of the North-western HighlandsReport of the Committee on Earthquakes in 
Scotland;—Fourth Report on Carboniferous-Limestone Corals;—Report of the Com¬ 
mittee to consider the mode in which new Inventions and Claims for Reward in 
respect of adopted Inventions are examined and dealt with by the diiferent Depart¬ 
ments of Government ;-~Report of the Committee for discussing Observations of 
Lunar Objects suspected of changeReport on the Mollusca of EuropeReport of 
the Committee for investigating the Chemical Constitution and Optical Properties 
of Essential OilsReport on the practicability of establishing a 'Close Time ’ for 
^e preservation of Indigenous Animals-Sixth Report on the Stiucture and Classi¬ 
fication of Fossil CrustaceaReport of the Committee appointed to organize an Ex¬ 
pedition for observing the Solar Eclipse of Dec. 12,1871;—Preliminary Report of 
a Committee on Terato-embiyological Inquiries;—Report on Recent Progress in 
Elliptic and Hyperelliptic Functions;—Report on Tidal Observations;—On the 
Brighton Waterworks;—On Amsler s Planimeter. 

Together with the Transactions of the Sections, Dr. Carpenter’s Address, and 
Recommendations of the Association and its Committees, 


PEOCEEDINGS OF the FORTT-THIRD MEETING, at Bradford, 
September 1873, PuhUshed at £1 5s. 

Contents :-~Report of the Committee on Mathematical TablesObservations 
on the Application of Machinery to the Cutting of Coal in Mines;—Concluding Re¬ 
port on the Maltese Fossil Elephants;—Report of the Committee for ascertaining 
the Existence in different parts of the United Kingdom of any Erratic Blocks or 
Boulders;—Fourth Report on Earthquakes in Scotland;—^Ninth Report on Kent’h 
Cavern;—On the Flint and Chert Implements found in Kent’s CavernReport of 
the Committee for Investigating the Chemical Constitution and Optical Properties 
of Essential OilsReport of Inquiry into the Method of making Gold-assays; 
—Fifth Report on the Selection and Nomenclatm’e of Dynamical and Electrical 
Units;—Report of the Committee on the Labyrinthodonts of the Coal-measures 
Report of the Committee appointed to construct and print Catalogues of Sjiectjal 
Rays;—Report of the Committee appointed to explore the Settle Oaves;—Sixth Jieport 
on Underground Temperature ;~Report on the Rainfall of the British IslesSeven (h 
Report on Reseaa-ches in Fossil Crustacea;--Report on Recent Progress in Elliptic 
Hyperelliptic Functions;—Report on the desirability of establisliing a' Close 
Time foi the preservation of Indigenous Animals;—Report on Luminous Meteors; 
—On the Visibility of the Dark Side of Venus;—Repoit of the Committee for the 
Foundation of Zoological Stations in different parts of the World;—Second Xlepurt of 
the Committee for collecting Fossils from North-western Scotland Fifth Report 
on the Treatment and Utilization of SewageReport of tlie Committee on Monthly 
Reports of the Progress of ChemistryOn the Bradford Waterworks;-Report on 
the possibility of Improving the Methods of Instruction in Elementary Geometry; 
—jmtenm Report of the Committee on Instruments for Measuring the Speed of 
Ships* &c.; Report of the Committee for Determinating High Temperatures by 
of the Refrangibility of Light evolved by Fluid or Solid Substances j—On a 
p^ocucity of Cyclones and Rainfall in connexion with Sun-spot Periodicity‘Fifth 
wport on the Structure of Carboniferous-Limestone CoralsReport of the Com- 
publishing brief forms of Instructions for Travellers, 
ASOTQologist^ i5C. j—Pipoliminary Note from the Committee on tho Influence of Forests 
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on the Eainfall;—Keport of the Sub-Wealden Exploration Committee;—Eeport of 
the Committee on Machinery for obtaining a EecorA of the Roughness of the Sea 
and Measurement of Waves near shore;—Report on Science Lectures and Organi¬ 
zation ;—Second Report on Science Lectures and Organization. 

Together with the Transactions of the Sections, Prof. A. W. Williamson’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDIlSrGS of the EOETY-FOURTH MEETING, at Belfast, 
August 1874, Published at £1 5s. 

Contents:— Tenth Report on Kent’s CavernReport for investigating the 
Chemical Constitution and Optical Properties of Essential Oils;—Second Report of 
the Sub-Wealden Exploration Committee;—On the Recent Progress and Present 
State of Systematic Botany;—Repoit of tlie Committee for investigating the Nature 
of Intestinal Secretion;—Report of the Committee on the Teaching ot Physics in 
Schools;—Preliminary Eeport for investigating Isomeric Cresols and their Deriva¬ 
tives ;—Third Report of the Committee tor collecting Eossils fiom localities in 
North-western Scotland;—Report on the Rainfall of the British Isles;—On the Bel¬ 
fast Harbour; —Eeport of Inquiry into the Method of making Gold-assays;—Report 
of a Committee on Experiments to determine the Thermal Conductivities of certain 
Rocks;—Second Report on the Exploration of the Settle Caves;—On the iodustrial 
uses of the Upper Bann River;—Report of the Committee on the Structure and 
Classification of the Labyrinthodonts;—Second Report of the Committee for record¬ 
ing the position, height above the sea, lithological characters, size, and origin of the 
Erratic Blocks of England and Wales, &c.;—Sixth Report on the Treatment and 
Utilization of Sewage;—-Report on the Anthropolo^cal Notes and Queries for the- 
use of Travellers;—On Cyclone and Rainfall Periodicities;—Fifth Report on Earth¬ 
quakes in Scotland;—Report of the Committee appointed to prepare and print 
Tables of Wave-numbers;—Report of the Committee for testing the new Pyrometer 
of Mr. Siemens;—Report to the Lords Commissioners of the Admiralty on Experi¬ 
ments for the Determination of the Frictional Resistance of Water on a Surface, 
Ssc, ;—Second Report for the Selection and Nomenclature of Dynamical and Elec¬ 
trical Units;—On Instruments for measuring the Speed of Ships;—Report of the 
Committee on the possibility of establishing a * Close Time ’ for the Protection of 
Indigenous Animals;—Report of the Committee to inquire into the economic effects 
of Combinations of Labourers and Capitalists;—Preliminary Report on Dredging on 
the Coasts of Durham and North Yorkshire ;—Report on Luminous Meteors;—Re¬ 
port on the best means of providing for a Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Ptof. John Tyndall’s Address, and 
Recommendations of the Association and its Committees, 


PROCEEDINGS or the EORTY-EIPTH MEETING, at Bristol, 
August 1875, Published at a©! 5s, 

Contents *—Eleventh Report on Kent’s Cavern;—Seventh Report on Under¬ 
ground Temperature;—Report on the Zoological Station at Naples;—Report of a 
Committee appointed to inquire into the Methods employed in the Estimation of 
Pot?ish and Phosphoric Acid in Commercial Products ;—Report on the present state 
of our Knowledge of the Crustacea;—Second Report on the Therms Conduc¬ 
tivities of certain Rooks; —Preliminary Report of the Committee for extending the 
Observations on the Specific Volumes of Liquids;—Sixth Report on Earthquakes 
in Scotland;—Seventh Report on the Treatment and Utilization of Sewage;—Re¬ 
port of the Committee for furthering the Palestine ExplorationsThird Report of 
the Committee for recording the position, height above the sea, lithological 
characters, size, and origin of the Erratic Blocks of England and Wales, &c.;— 
Report of the Rainfall Committee;—Report of the Committee for investigating 
Isomeric Cresols and their DerivativesReport of the Committee for investigating 
the Circulation of the Underground Waters in the New Red Sandstone and Permian 
Formations of England;—On the Steering of Screw-Steamers;—Second Report of 
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the Committee on Combinations of Capital and Labour Eei^ort on tlie Method of 
mating Gold-assays j—Eighth Eeport on tJndeiground TemperatmeTides in the 
River Mersey j—feixth Repoit of the Committee on the tStiucrfcure of Carboniferous 

Corals;—Report of the Committee appointed to exploie the Settle Caves;_On 

the River Avon (Biistol), its Drainage-Area, ice.Report of the Committee on 
the possibility of establishing a ‘Close Time’ tor the Piotection of Indigenous 
Animals;—Report of the Committee appointed to superintend the Publication of 
the Monthly Reports of the Progress of Chemistiy;—Rcpoit on Dredging oft the 
Coasts of Durham and North Yorkshire in 1874;—Repoit on Luminous Meteors;—On 
the Analytical Forms called TreesReport ol the Committee on Mathematical 
Tables;—Report of the Committee on Mathematical Notation and Printing;—Second 
Report of the Committee for investigatmg Intestinal Secretion; —Third Report of 
the Sub-Wealden Exploration Committee. 

Together with the Tiansactions of the Sections, Sir John Hawkshaw’s Address, 
and Recommendations of the Association and its Committees. 


PEOCEEDINGS OF the FOETY-SIXTH MEBTESTG, at Glasgow, 
September 1876, Fulilished at £1 5s, 

CoiTTENTS:—Twelfth Report on Kent’s Cavern;—Report on Improving the 
Methods of Instruction in Elementary GeometryResults of a Comparison of the 
British-Association Dnitsof Electrical Resistance;—Third Report on the Thermal 
Conductivities of certain Rocks;—Report of the Committee on the practicability of 
adopting a Common Measure of Value in the Assessment of Direct Taxation ;— 
Report of the Committee for testing experimentally Ohm’s Law;—Report of the 
Cormnittee on the possibility of establishing a ‘ Close Time ’ for the Protection of 
Indigenous Animals;—Report of the Committee on the Etfect of Propellers on the 
Steering of Vessels;—On the Investigation of the Steeling Qualities of Ships;— 
Seventh Report on Earthquakes in Scotland;—Repoit on the present state of our 
Knowledge of the Crustacea;—Second Eeport of the Committee for investigating 
the Circulation of the Underground Waters in the New Red Sandstone and Permian 
Formations of England .-—Fourth Report of the Committee on the Erratic Blocks of 
England and Wales, &c.;—Fourth Report of the Committee on the Exploration of 
the Settle Caves (Victoria Cave);—Report on Observations of Luminous Meteoih, 
1875-76;—Report on the Rainfall of the British Isles, 1875-76Ninth Report on 

Underground Temperature;—^Nitrous Oxide in the Gaseous and Liquid States;_ 

Eighth Report on the Treatment and Utilization of Sewage;—Improved Investiga¬ 
tions on the Flow of Water through Orifices, with Objections to the modes of treat¬ 
ment commonly adoptedReport of the Anthropometric Committee;—On Cyclone 
and Rainfall Periodicities in connexion with the Sun-spot Periodicity;—Report of 
the Committee fox determining the Mechanical Equivalent of HealReport of the 
Committee on Tidal Observations;—Third Report of tlie Committee on the Condi¬ 
tions of Intestinal Secretion and MovementRepoit of the Committee lor collect¬ 
ing and suggesting subjects for Chemical Research. 

Together with the Transactions of the Sections, Dr, T. Andiows’s Address, aucl 
Recommendations of the Association and its Committees, 


PEOOEEDIFGS of the FOETY-SEVENTH MEBTHSTG, at Ply¬ 
mouth, August 1877, Published at £1 45, 


Contents Thirteenth Report on Kent’s CavernSecond and Third Reports 
on the Methods employed in the estimation of Potash and Phosphoric Acid in Com¬ 
mercial ProductsReport on the present state of our Knowledge of the Crustacea 
<Paart IH.)Third Report on the Circulation of the Underground Waters in the New 
Red Sandstone and Permian Formations of EnglandFifth Report on the Erratic 
Blocks of England,Wales, and IrelandFourth Report on the Thermal Conducti¬ 
vities of certain BocksReport on Observations of Luminous Meteors, 1876-77 •— 
Temth Report on Underground TemperatureReport on the BfiEect of Propellers on 
the Bteering of Vessels ;--rBeport on the possibility of establishing a * Close Time * 
for the Protects of Indigenous AnimalsReport on some Double Compounds of 
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Nickel and CobaltFifth Eeport on the Exploration of the Settle Caves (Victoria 
Cave);—Report on the Datum Level of the Ordnance Survey of Great Britain;— 
Report on the Zoological Station at Naples;—Report of the Anthropometric Com¬ 
mittee ;—Report on the Conditions under which Liquid Carbonic Acid exists in 
Bocks and Minerals. 

Together with the Transactions of the Sections, Prof. Allen Thomson’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS of the FORTY-EIGHTH MEETING, at BubHn, 
August 1878, Published at £1 4s. 

Contents Catalogue of the Oscillation-Frequencies of Solar RaysReport 
on Mr. Babbage’s Analytical Machine;—^Third Report of the Committee for deter¬ 
mining the Mechanical Equivalent of Heat;—Report of the Committee for arrang¬ 
ing for the taking of certain Observations in India, and Observations on Atmospheric 
Electricity at Madeira;—Report on the commencement of Secular Experiments upon 
the Elasticity of Wires;—Report on the Chemistry of some of the lesser-known 
Alkaloids, especially Veratria and Bebeerine;—Report on the best means for the 
Development of Light from Coal-Gas;—Fourteenth Report on Rent’s Cavern;— 
Report on the Fossils in the North-west Highlands of Scotland;—Fifth Report on 
the Thermal Conductivities of certain Rocks;—Report on the possibility of estab¬ 
lishing a ‘ Close Time ’ for the Protection of Indigenous Animals;—Report on the 
occupation of a Table at the Zoological Station at Naples;—Report of the Anthro¬ 
pometric Committee;—Report on Patent Legislation;—Report on the Use of Steel 
for Structural Purposes;—Report on the Geographical Distribution of the Chiro- 
ptera;—Recent Improvements in the Port of Dublin;—Report on Mathematical 
Tables;—Eleventh Report on Underground Temperature;—Report on the Explora¬ 
tion of the Fermanagh Oaves;—Sixth Report on the Erratic Blocks of England, 
Wales, and Ireland;—Report on the present state of our Knowledge of the Crus¬ 
tacea (Part IV.);—Report on two Caves in the neighbourhood of Tenby;—Report on 
the Stationary Tides in the English Channel and in the North Sea, &c.Second 
Eeport on the Datum-level of the Ordnance Survey of Great Britain;—Report on 
instruments for measuring the Speed of Ships;—Report of Investigations into a 
Common Measure of Value in Direct Taxation 4 —Report on Sunspots and Rainfall; 
—Eeport on Observations of Luminous Meteors;—Sixth Report on the Exploration 
of the Settle Caves (Victoria Cave);—Report on the Kentish Boring Exploration;— 
Fourth Report on the Circulation of Underground Waters in the Jurassic, New Red 
Sandstone, and Permian Formations, with an Appendix on the Filtration of Water 
through Triassio Sandstone;—Report on the Effect of Propellers on the Steering of 
Vessels, 

Together with the Transactions of the Sections, Mr, Spottiswoode’s Address, and 
Recommendations of the Association and its Committees. 


PHOOEEDINGS of the FOBTY-NINTH MEETING, at Sheffield, 
August 1879, Published at £1 4s. 

Contents: —Report on the commencement of Secular Experiments upon the 
Elasticity of WiresFourth Report of the Committee for determining the Mechan¬ 
ical Equivalent of Heat ;-~Report of the Committee for endeavouring to procure 
reports on the Progress of the Chief Branches of Mathematics and Physics;—Twelfth 
Report on Underground TemperatureReport on Mathematical Tables;—Sixth 
Report on the Thermal Conductivities of certain Rocks;—Report on Observations 
of Atmospheric Electricity at MadeiraReport on the Calculation of Tables of the 
Fundamental Invariants of Algebraic Forms ;--Report on the Calculation of Sun- 
Heat Coefficients;—Second Report on the Stationary Tides in the English Channel 
and in the North Sea, &:c. ;~-Report on Observations of Luminous MeteorsReport 
on the question of Improvements in Astronomical Clocks;—Report of the Committee 
for improving an Instrument for detecting the presence of Fire-damp in Mines;— 
Report on the Chemistry of some of the lesser-known Alkaloids, especially Veratria 
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and Beeberine j—Seventh Report on the Erratic Blocks of England, Wales, and Ire^ 
landFifteenth Report on Kent’s CavernReport on certain Caves in Borneo;— 
Fifth Report on the Circulation of Underground Waters in the Jurassic, Red Sand¬ 
stone, and Permian Formations of England;—Report on the Tertiary (Miocene) 
Flora, &c., ot the Basalt of the Korth of Ireland;—Report on the possibility ot 
Establishing a * Close Time ’ for the Protection of Indigenous Animals;—Report on 
the Marine Zoology of Devon and CornwallReport on the Occupation of a Table 
at the Zoological Station at Naples;—Report on Excavations at Portstewart and 
elsewhere in the North of Ireland;—Report of the Anthropometric Committee ;— 
Report on the Investigation of the Natural History of Socotra;—Report on Instru¬ 
ments for measuring the Speed of Ships;—Third Report on the Datum-level of the 
Ordnance Survey of Great Britain;—Second Report on Patent Legislation;—On 
Self-acting Intermittent Siphons and the conditions which determine the com¬ 
mencement of their Action;—On some further Evidence as to the Range of the 
Palasozoic Rooks beneath the South-east of England;—^Hydrography, Past and 
Present. 

Together with the Transactions of the Sections, Prof- Allman’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS op the PIPTIETH MEETING, at Swansea, August 
and September 1880, Published at £1 45. 

Contents :—Report on the Measurement of the Lunar Disturbance of Gravity;— 
Thirteenth Report on Underground Temperature;—Report of the Committee for 
devising and constructing an improved form of High Insulation Key for Electrometer 
Work;—Report on Mathematical Tables;—Report on the Calculation of Tables 
of the Fundamental Invariants of Algebraic Forms;—Report on Observations 
Luminous Meteors;—Report on the question of Improvements in Astronomical 
Clocks;—Report on the commencement of Secular Experiments on the Elasticity^ 
of WiresSixteenth and concluding Report on Kent’s Cavern;—Report on the 
mode of reproduction of certain species of Ichthyosaurus from the Lias of England 
and Wurtemburg;—Report on the Carboniferous Polyzoa;—Report on the * Geological 
Record’;—Sixth Report on the Circulation of the Underground Wateis in the 
Permian, New Red Sandstone, and Jurassic Formations of England, and the Quantity 
and Character of the Water supplied to towns and districts from these formations 
Second Report on the Tertiary (Miocene) Flora, &c., of the Basalt of the, J>rth m 
Ireland;—Eighth Report on the Erratic Blocks of England, Wales, ' 

Report on an Investigation for the purpose of fixing a Standard of WhffSJcaght;— 
Report of the Anthropometric Committee;—Report on the Influence of BoS fSy Exercise 
on the Elimination of Nitrogen;—Second Report on the Marine Zoology of South 
Devon.Repom on the Occupation of a Table at the Zoological Station at Naples; - 
Report on accessions to our knowledge of the Chiroptera during the past two yoars 
(1878-80) ;—Preliminaiy Report on the accinate measurement of the s])ecilic in¬ 
ductive capacity of a good Sprengel Vacuum, and the specific resistance of gases at 
different pressmes;—Compaiison of Curves of the Declination Magnotogiaphs at 
Kew, Stonyhurst, Coimbra, Lisbon, Vienna, and St. Petersburg;—First Report on 
the Caves of the South of Ireland;—Report on the Investigation of the Natural 
History of Socotra;—Report on the German and other systems of teaching the Deaf 
to speak;—Report of the Committee for consideiing whether it is important that 
H.M, Inspectors of Elementary Schools should be appointed with loferonoe to their 
ability for examining in the soientifio specific subjects of the Code in addition to 
other matters;—On the Anthracite Coal and Coalfield of South Wales;—Report on 
the present state of our knowledge of Crustacea (Part V.)Report on tho best means 
for the Development of Light from Coal-gas of different qualities (Part II)Report 
on Palaeontological and Zoological Researches in MexicoReport on the possibility 
of establishing a« Close Time ’ for Indigenous AnimalsReport on the pr^ent state 
of our knowledge of Spectrum AnalysisReport on Patent LegislationPre- 
Ihninary Report on the present Appropriation of Wages, &c.Report on tho present 
stote of knowledge of the application of Quadratures and Interpolation to Actual 
Data;—The French Deep-sea Exploration in the Bay of Biscay-Third Report on 
the Stationary Tides in the English Channel and in the North Sea, List of 



Works on the Geology, Mineralogy, and Palasontology of 'W'ales (to the end of 1873):— 
On the recent Bevival in Trade. 

Together with the Transactions of the Sections, Dr. A. C. Eamsay’s Address, and 
Eecommendations of the Association and its Committees. 


PROCEEDINGS of the EIFTY-EIRST MEETING, at York, 
August and September 1881, Published at ^1 4^. 

Contents :—Keport on the Calculation of Tables of the Fundamental Invariants 
of Algebraic FormsKeport on Kecent Progress in Hydrodynamics (Part I.),*— 
Keport on Meteoric Dust;—Second Keport on the Calculation of Sun-heat Co¬ 
efficients;—Fourteenth Keport on Underground Temperature;—Keport on the 
Measurement of the Lunar Disturbance of Gravity;—Second Report on an In¬ 
vestigation for the puipose of fixing a Standard of White Light;—Final Report on 
the Thermal Conductivities of certain Rocks;—Keport on the manner in which 
Rudimentary Science should be taught, and how Examinations should be held 
therein, in Elementary Schools;—Third Report on the Tertiary Flora of the North 
of Ireland;—Keport on the Method of Determining the Specific Refraction of Solids 
from their Solutions;—Fourth Keport on the Stationary Tides in the English Channel 
and in the North Sea, &c.;—Second Report on Fossil Polyzoa;—Report on the 
Maintenance of the Scottish Zoological Station;—Report on the Occupation of a 
Table at the Zoological Station at Naples;—Keport on the Migration of Birds;— 
Keport on the Natural History of Socotra;—Report on the Natural History of 
Timor-laut;—Report on the Marine Fauna of the Southern Coast of Devon and 
Cornwall;—Report on the Earthquake Phenomena of Japan;—Ninth Report on 
the Erratic Blocks of England, Wales, and Ireland;—Second Report on the 
Caves of the South of Ireland;—Report on Patent Legislation;—Report of the 
Anthropometric Committee;—Keport on the Appropriation of Wages, &c.;—Re¬ 
port on Observations of Luminous Meteors;—Report on Mathematical Tables;— 
Seventh Keport on the Circulation of Underground Waters in the Jurassic, 
New Bed Sandstone, and Permian Formations of England, and the Quality and 
Quantity of the Water supplied to Towns and Districts from these Formations;— 
Keport on the present state of our Knowle^e of Spectrum Analysis;—Interim Report 
of the Committee for constructing and issuing practical Standards for use in Electrical 
Measurements;—On some new Theorems on Curves of Double Curvature;—Observa¬ 
tions of Atmospheric Electricity at the Eew Observatory during 1880;—On the 
Arrestation of Infusorial Life by Solar Light;—On the Effects of Oceanic Currents 
upon Climates;—On Magnetic Disturbances and Earth Currents;—On some Applica¬ 
tions of Electric Energy to Horticultural and Agricultural purposes;—On the Pressure 
of Wind npon a Fixed Plane Surface;—On the Island of Socotra;—On some of the 
Developments of Mechanical Engineering duHng the last Half-Century. 

Together with the Transactions of the Sections, Sir John Lubbock’s Address, and 
Keoommendatious of the Association and its Committees, 

REPORT OF THE FIETT-SEGOND MEETING, at Sontlianiptoii, 
August 1882, Fuhlished at £1 4s. 

Contents :—Keport on the Oalonlation of Tables of Fundamental Invariants of 
Binary Quantics;—Keport (provisional) of the Committee for co-operating with the 
Meteorological Society of the Mauritius in their proposed publication of Daily 
Synoptic Charts of the Indian Ocean from the year 1861Keport of the Committee 
appointed for fixing a Standard of White Light;—Keport on Kecent Progress in 
Hydrodynamics (Part II.)Report of the Committee for constructing and issuing 
practical Standards for use in Electrical Measurements;—Fifteenth Report on Under¬ 
ground Temperature, with Summary of the Results contained in the Fifteen Reports 
of the Underground Temperature CommitteeReport on Meteoric DustSecond 
Keport on the Measurement of the Lunar Disturbance of GravityReport on the 
present state of our Knowledge of Spectrum AnalysisKeport on the Investigation 
by means of Photography of the Ultra-Violet Spark Spectra emitted Uy Metallic 
Elements, and their combinations under varying conditionsReport of the Com¬ 
mittee for preparing a new Series of Tables of' Wave-lengths of the Spectra of the 
ElementsReport on the Methods employed in the Calibration of Mercurial Ther- 
1884. 3 E 
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mometers;—Second Eeport on the Earthquake Phenomena of Japan;—Eighth Beport 
on the Circulation of the Underground Waters in the Permeable Formations of 
England, and the Quality and Quantity of the Water supplied to various To^wns and 
Districts from these Formations Keport on the Conditions under which ordinary 
Sedimentary Materials may be converted into Metamorphio Books;—Report on 
Explorations in Caves of Carboniferous Limestone in the South of Ireland ;~-Report 
on the Preparation of an International G-eological Map of Europe ;—Tenth Report on 
the Erratic Blocks of England, Wales, and Ireland;—Report on Fossil Polyzoa 
(Jurassic Species—British Area only);—Preliminary Report on the Flora of the 
‘Halifax Hard Bed,’ Lower Coal Measures;—Report on the Influence of Bodily 
Exercise on the Elimination of Nitrogen;—Report of the Committee appointed for 
obtaining Photographs of the Typical Races in the British IslesPreliminary 
Report on the Ancient Earthwork in Epping Forest known as the Loughton Camp; 
—Second Report on the Natural History of Timor-lautReport, of the Committee 
for carrying out the recommendations of the Anthropometric Committee of 1880, 
especially as regards the anthi'opometry of children and of females, and the more 
complete discussion of the collected facts;—Report on the Natural History of 
Socotra and the adjacent Highlands of Arabia and Somali Land;—Report on the 
Maintenance of the Scottish Zoological Station;—Report on the Migration of 
Birds;—Report on the Occupation of a Table at the Zoological Station at Naples;— 
Report on the Survey of Eastern PalestineFinal Report on the Appropriation of 
Wages, &c.;—Report on the workings of the revised New Code, and of other legisla¬ 
tion affecting the teaching of Science in Elementary Schools;—Report on Patent 
Legislation;—Report of the Committee for determining a Grange for the manufacture 
of various small Screws;—Report on the best means of ascertaining the Effective 
Wind Pressure to which buildings and structures are exposed;—On the Boiling 
Points and Vapour Tension of Mercury, of Sulphur, and of some Compounds of 
Carbon, determined by means of the Hydrogen Thermometer;—On the Method of 
Harmonic Analysis used in deducing the Numerical Values of the Tides of long 
period, and on a Misprint in the Tidal Report for 1872 List of Works on the 
Geology and Palaeontology of Oxfordshire, of Berkshire, and of Buckinghamshire;— 
Notes on the oldest Records of the Sea-Route to China from Western Asia;—The 
Deserts of Africa and Asia;—State of Crime in England, Scotland, and Ireland in 
1880;—On the Treatment of Steel for the Construction of Ordnance, and other pur¬ 
poses ;—The Channel Tunnel;—The Forth Bridge. 

Together with the Transactions of the Sections, Dr. C. W, Siemens’s Address, and 
Recommendations of the Association and its Committees. 


EBPOET OP THE EIFTY-THIED MEETING, at Southport, 
September 1883, Published at 4s. 

Contents: —Report of the Committee for constructing and issuing practical 
Standards for use in Electrical MeasurementsSixteenth Report on Underground 
Temperature ;—Report on the best Experimental Methods that can be used in ob¬ 
serving Total Solar Eclipses;—Report on the Harmonic Analysis of Tidal Observa¬ 
tions ;—Report of the Committee for co-operating with the Meteorological Sooioiy of 
the Mauritius in their proposed publication of Daily Synoj^tio Charts of the 
Indian Ocean from the year 1861;—Report on Mathematical Tables;—-Report of the 
Committee for co-operating with the Scottish Meteorological Society in making 
Meteorological Observations on Ben NevisReport on Meteoric Dust;—Report of 
the Committee appointed for fixing a Standard of White Light;—Report on Chemical 
Nomenclature;—^Report on the investigation by means of Photography of the Ultra- 
Violet Spark Spectra emitted by Metallic Elements, and their combinations under 
varying conditions;—Report on Isomeric Naphthalene Derivatives Report on 
Explorations in Cavies in the Carboniferous Limestone in the South of Ireland;— 
Beport on the Exploration of Raygill Fissure, Yorkshire;—Eleventh Report on the 
Erratic Blocks of England, Wales, and Ireland;—^Ninth Report on the Circulation of 
the Under^ound Waters in the Permeable Formations of England, and the Quality 
and Quantity of the Water supplied to various Towns and Districts from these For- 
anations ;“-l^port on the Fossil Plants of HalifaxFourth Report on Fossil 
B^yzoaFourth Report on the Tertiary Flora of the North of Ireland;—Eeport on 
the Eluthquake Phenomena of Japan;—Report on the Fossil Phyllopoda of the 
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Palaeozoic Bocks;—Third Keport on the Natural History of Timor LautReport on 
the Natural History of Socotra and the adjacent Highlands of Arabia and Somali 
Land;—Report on the Exploration of Kilima-njaro and the adjoining mountains of 
Eastern Equatorial Africa;—Report on the Migration of Birds ;—Report on the 
Maintenance of the Scottish Zoological Station;—Report on the Occupation of a Table 
at the Zoological Station at Naples;—Report on the Influence of Bodily Exercise on 
the Elimination of Nitrogen;—Report on the Ancient Earthwork in Epping Forest, 
known as the ‘ Loughton ’ of ‘ Cowper’s ’ Camp;—Pinal Report of the Anthropometric 
Committee;—Report of the Committee for defining the Facial Characteristics of the 
Races and Principal Crosses in the British Isles, and obtaining Illustrative Photo¬ 
graphs ;—Report on the Survey of Eastern Palestine;—Report on the workings of 
the proposed revised New Code, and of other legislation affecting the teaching of 
Science in Elementary Schools;—Report on Patent Legislation;—Report of the 
Committee for determining a Gauge for the manufacture of various small Screws;— 
Report of the ‘ Local Scientific Societies ’ Committee ;—On some results of photo¬ 
graphing the Solar Corona without an Eclipse;—On Lamp’s Differential Equation;— 
Recent Changes in the Distribution of Wealth in relation to the Incomes of the 
Labouring Glasses;—On the Mersey Tunnel;—On Manganese Bronze;—^Nest Gearing. 

Together with the Transactions of the Sections, Professor Cayley’s Address, and 
Recommeiidations of the Association and its Committees. 
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1879. JAdamson, Robert, M.A., LL.D., Professor of Logic and Political 
Economy in Owens College, Manchester. GO Parsonage-road, 
Withington, Manchester. 

1860. *Adie, Patrick. Broadway, Westminstei’, S.W. 
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1861, {Armitage, William. 95 Portland-street, Manchester. 

1867. ^Armitstead, George. Errol Park, Errol, N.B. 
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dale, by Darlington. 

“^Baots, Sir Edwaeb, J.P. Belgrave-mansions, Grosvenor-gardens, 
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South Kensington, London, S.W. 

1866. *Ball, Robert Stawell, M.A., LL.D., F.R.S,, F.R.A.S., Andrews 
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1800. JBaiber, John. Loiig-row, Nottingham. 

1SS4. ^Barber, Bev. 8. E. Little Massiii^diam llecioiy, Swairiiani, Norlblk. 

1801. ’“‘Barbour, George. Bankhead, Broxton, Chester. 

IboO. JBarboiir, George E. 11 Georae-sqnare, Edinburgh. 

■^Barbour, llobert. Bolesworth Castle, Tatteiiluill, (Jliost(‘i. 

1855. ^Barclay, Andrew. Kilmarnock, Scotland. 

Barclay, Charles, E.S.A. Bury Hill, Dorkinu*. 

1871. tBaiclay, Geoi^e. 17 Coates-crescent, Edinburgh. 

1852. “^Baielay, J. Gurney. 51 Loinbaid-street, London, hl.O. 

18(J0. ^Barclay, Bobert. High Leigh, Hoddesdeii, Herts. 

1S7G, “^Barclay, IJobert. 21 Ihirk-ten*ace, Glasgow. 

1808. ’“‘Barclay, IV. L. 54 Lombard-sticMd, London, E.O. 

1881. §Baribot, William, J.P. Wlielfojd-placo, Leicesfer. 

1S82. tBarford, J. G. Above Bar, iS)ull»amp(on. 

1803. *Bnrford, James Gale, E.0.8. Wellington (‘ollegc, Wokingham, 
Berkshire. 

IbOO. *Baiker, Bey. Arthur Alcock, B.D. East Biklgtord Bectory, 
Nottingham. 

1879. ^Barker, Elliott. 2 Iligh-atreet, Sheilield. 

1882. ^Barker, Miss J. M. Hexham House, Ilexhani. 

1879. ^Barker, Eev. Philip C., M.A., LLB. Botheiham, Yorkshiie. 

1865. JBarker, Stephen. 80 Fredoiick-streot, Edghaston, Birniinghani. 
1870. IBarkiy, Sir ItoEY, G.O.M.O., KO.B., E.B.S., E.B.ChS. 1 Bina- 
gardens, South Kensington, London, S.W. 

1873. tBarlow, Crawford, B.A. 2 Old Palaco-yprd, Westiiiin.tcr, S.W. 

1883. JBarlow, J. J. 37 Park-street, South]lort. 

1878. jBaiiow, John, ]\r.D., l*rofcsso]‘ of Physiology in Ander^on\ (\)1- 
lege, Glasgow. 

1883. JBarlow, John B, fhyeuthoriu*, near Bolton. 

Barlow, Lieut.-Ool. JMaiuice (I4tli Ih'gt. of Foot). 5 Groat (reorgo- 
street, Dublin. 

1857. JBieiow, rjiniB Wii.t.iam, 2(! (iipat Oporm'M<ri>«t, 

■Wostmiustor, K.W. ^ 

1873. tRuaow, W. ir., F.Il.S., jr.Iiiv.t.C!.T':. 8 Old P.duoi-vurd, 
ininster, S.W. 

Mias Const an(»e. Chart on-ganiens, Kensington, Lr>tuloii, W . 
1861, ^Barnard, Major B. Cary, E.L.S, Bartlow, Lockhaumton, Chelten¬ 
ham. * 


1'*'81, fBarnard, William, Uj.B. Harlow, Es'>ox. 

1808, § Barnes, Bkdiaid H. TTealherkinds, Parkstone, Dorset, 

1 Thomas AMson. BrampUm Colli-rm, mar Ch^sierfiehl 

BarnetL Bichard, hl.B.C.S. 18 Albany-tonace, Bntannia-sfjuaro* 
vv orcester. 


1884. § Barnett, L D. Port Hope, Ontario. 

1881. tBan-. Awltibaia, B.Se., Profeasor of Civil and Meclianicai Ifiiffiueer- 
in^ in the Yorkshire College, Leeds. 

1 eoo' Apsleytoim, East Qrinstoad, Kuhsex. 

JoliD ' halJt Emsmore, Birkdale, Southport. 
isS- En-ismore, Birkdale, Soufhport. 

1860. tBarrett, T. B. Hiffh-street, Welshpool, Montg’omor;. 
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1372. ^Barrett, W. F., F.E.S.E., F.O.B., Professor of Pliysxcs 

in the Royal College of Science, Dublin. 

3883. JBarrett, William Scott. Winton Lodge, Crosby, near Liverpool, 

1874. ^Bareingtoit, R. M. Fassaroe, Bray, (Jo. Wicklow. 

1874. §Barrington-Ward, Mark J., M.A., F.L^S., F.R.G.S., H.M. Inspector 

of Schools. Thorneloe Lodge, Worcester. 

1881. §Baeeok, G. B., M.D. Summerseat, Southport. 

1866. JBarron, William. Elvaston Nurseries, Borrowasli, Derby, 

1862. *Barry, Charles. 15 Pembridge-square, London, W. 

1883. §Barry, Charles E. 15 Pembridge-square, London, W. 

1875. JBarry, John Wolfe. 23 Delahay-street, Westminster, S.W. 

1881. jBarry, J. W'. Duncombe-place, York. 

1884. *Barst:ow, Miss Frances. Garrow Hill, near York. 

1858. “^Bartholomew, Charles. Castle Hill liouse, Ealing, Middlesex, W. 
1855. Hugh. Neic Gasicorhs^ Oktsgoiv. 

1858, ^Bartholomew, William Hamond. Ridgeway If oiise,Oumberland-road, 
Headingley, Leeds. 

1884. §Bartlett, James Herbert. 148 Mansfield-street, Montreal, Canada. 
1873, JBartley, George C. T. St. Margaret’s House, Victoria-street, 
Londoa, S.W. 

1868. *Barton, Edward (27th.Inniskillens). Olonelly, Ireland. 

1884. §Barton, H. M. Foster-place, Dublin, 

1852. JEarton, James. Fanidreg, Dundallc. 

1864. JBartrum, John S. 41 Gay-street, Bath, 

^Bashforth, Rev. Francis, B.D. Minting Vicarage, near Horncastle. 

1876. IBaasano, Alexander. 12 Montagu-place, London, W. 

1876. {Bassano, Clement. Jesus College, Cambridge. 

1866. ^Bassexo:, BfeiSEy. 26 Belilba-\nllas, Barnsbury, London, N. 

1866. XJSmett, Michaud, Melham^street, Nottingham. 

1884. ^Bassnett, Thomas. Jacksonville, Florida, U.S.A^ 

1884. §Basstiett, Mrs. Thomas. Jacksonville, Florida, U.S.A, 

1869. JBastard, S. S. Summerland-place, Exeter. 

1871. tBASTiAH, H. Oharltoh, M.D., M.A., F.R.S., F.L.S., Professor of 
Pathological Anatomy at University College, London. 20 Queen 
Anne-street, London, W. 

184S. JBate, 0. Spence, F.R.S., F.L.S. 8 Mulgrave-place, Plymouth. 

1883. jBateman, A. E. Board of Trade, London, S.W. 

1873. *Bateman, Daniel. Carpenter-street, above Broad-street, Philadelphia, ^ 
United States. 

1868. JBateman, Frederick, M.D. Upper St. Giles’s-street, Norwich. 

Bateman, James, M.A., F.R.S., F.R.G.S., F.L.vS, Home House, 
Worthing. 

1842. ^Bateman, John Frederic La Trobe, F.R.S., F.G.S., F.B.G.S., 
M.Inst.C.E. 16 Great George-street, London, S.W. 

1864. JBates, Henry Walter, F.R.S., F.L.S., Assist.-Sec, R.G.S. 1 Savile- 
row, London, W. 

1852. JBateson, Sir Robert, Bart. Belvoir Park, Belfast. 

1884. §Bateson, William, B.A. St. John’s College, Cambridge. 

1851. JBath and Wells, The Right Rev. Lord Arihhr Hervey, Lord 
Bishop of. The Palace, Wells, Somerset. 

1881. ^Bather, Francis Arthur. Red House, Roehampton, Surrey, S.W. 
1836. fBatten, Edmund Chisholm. 25 Thurloe-sqiiare, London, S.W. 

1869. JBatten, John Winterhotham. 35 Palace Gardens-tenace, Kensing¬ 

ton, London, W. 

1863. §BATrERMAN, H., F.G.S, 41 Acre-lane, Brixton, London, S.W. 

1861. tBaxendell, Joseph, F.R.S., F.R.A.S. 14 Liverpooi-road, Birkdale, 

Southport. 
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1867. {Baxter; Edward. Hazel Hall, Dundee. 

1867. {Baxter; Tlie RigM Hon. ‘William Edward, M.P. Ashcliile, 

Dundee. 

1868. {Bayes, William, M.D. 58 Brook-street, London, W. 

1866. {Bayley, Thomas. Lenton, Nottingham. 

J-Jayly, John. Seven Trees, Pl 3 ^mouth. 

1875. “^^Bayty, Robert. Tori’-grove, near Plymouth. 

1876. *Baykes, Robeht E., M.A. Olirist Olmrch, Oxford. 

1883. ^Bazley, Gardner, llatherop Castle, Fairford, Gloucestershire. 

Bazley, Thomas Sebastian, M.A. Hatherop Castle, Fairford, Glou¬ 
cestershire. 

1860. *Be.u:.e, Lionel S., M.D., F.R.S., Professor of Pathological Anatomy 

in King’s College. 61 Grosvenor-street, London, W. 

1882. ^Beamish, Major A, IV., Ji.K Cranhury^-tmTace, Southampton, 

1884. §Beamish, G. H. M. Prison, Liverpool. 

1872. {Beanes, Edward, F.O.S. Moatlands, Paddock Wood, Brenehley, 

Kent. 

1870. {Beard, Rev. Charles. 13 South-hill-road, Toxteth Park, Liverpool. 

1883. {Beard, Mrs. 13 South-hill-road, Toxteth Park, Liverpool. 

^Beatson, William. Ash Mount, Rotherham. 

1855. *Beaufort, W. Morris, F.R.A.S., F.R.G.S., F.M.S., F.S.S. 18 Picca¬ 
dilly, London, W. 

1861. *Beaumont, Rev. Thomas George. Chelniondiston Rectory, Ipswich. 

1871. *Beazley,Lieut.-Oolonel George G., F.Ii.G.S. Army and J^avy Clul), 

Pall Mall, London, S.W. 

1859. *Beck, Joseph, F.R.A.S. 68 Oornhill, London, E.O. 

1864. § Becker, Miss Lydia E. 155 Shrewsbiu'y-street, Whalley Range, 
Manchester. 

1860. {Beokles, SAinjBL H., F.R.S., F.G.S. 9 Grand-parade, St, Lconavd's- 

on-Sea. 

1866, {Beddard, James. Derby-road, Nottingham. 

1870, §Bedi)OE, John, M.D., F.R.S. Clifton, Bristol. 

1858. {Bedford, James. Woodhouse Cliff, near I^eeds. 

1878. {Bedson, P. Phillips, D.Sc., F.C’.S. College of Physical Science, 

Newcastle-on-T^me. 

1884. §Beers, W. G., M.D. ' 34 Beaver Hall-terrace, Montreal, Canada. 

1873. {Behrens, Jacob. Spiingfield House, North-parade, Bradford, Yoik- 

shire. 

1874. {Belcher, Richard Boswell. Blockley, Worcestershire. 

1873. {Bell, Asahel P. 32 St. Aune’s-sireet, Manchester. 

1871. §Bell, Charles B. 6 Spring-hank, Hull. 

1884. §Bell, Charles Napier. Winnipeg, Canada. 

Bell, Frederick John. Woodlands, near Maldon, Essex, 

1850. {Bell, George. Windsor-buildings, Dumbarton, 

1860. {Bell, Rev. George Charles, M.A. Marlborough College, Wills. 

1880. jBell, Henry Oswin. 13 Northumberland-terrace, Tynemouth. 

1879. XBell, JE&my S, Kmicood Bank^ Shwroio, Sheffield, 

1862. ^Bell, Isaac Lowthian, F.R.S,, F.O.S., M.Inst.0.E. Rounton 

Grange, Northallerton. 

1875. {Bell, James, F,R.S., F.C.S, The Laboratory, Somerset House, 

London, W.C. 

1871. *Bell, J, Carter, F.C.S. Bankfield, The Cliff, Higher Broughton, 
hlanchester 

1883. ’*BelI, John Henry. Dalton Lees, Huddersfield. 

1853, {Bell, John Pearson, M.D. Waverley House, Hull. 

1864. {Bell, R* Queen’s College, Kingston, Canada. 

1876. {Bell, R. Bruce, M.Inst.C.E. Institution of Engineers, Glasgow# 
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1808. Thomas. Palazo Vitoria, Bilbao, Spain. 

1807. JBell, Thomas. Belmont, Dundee. 

1882. §Bell, W. Alexander, B. A. 3 Madeira-terrace, Kemp Town, Brighton. 

1875. XBellf William. Witford House^ Briton Ferry^ Glamorganshire. 
1842. Bellhouse, Edward Taylor. Eagle Foundry, Manchester. 

Bellingham, Sir Alan. Oastle Bellingham, Ireland. 

1882. JBellingham, William. 2 Edinburgh Mansions, Victoria-street, 

London, S.W^ 

1884, §Bemrose, Joseph. 15 Plateau-street, Montreal, Canada. 

1864. *Bendyshe, T. 3 Sea View-terrace, Margate. 

1870. JBeitnett, Aleeed W^., M.A., B.Sc., F.L.S. 6 Park Village East, 
Regent’s Park, London, N.W. 

1830. JBennett, Henry. Bedminster, Bristol. 

1881. § Bennett, John'R. Bedminster, Bristol. 

1883. *Bennett, Laurence Henry. Trinity College, Oxford. 

1881. JBennett, Rev. S. H., M.A. St. Mary’s Vicarage, BishophiU Junior, 
York. 

1870. ^Bennett, William. Heysham Tower, Lancaster. 

1870. *Bennett, William, run. Oak Hill Park, Old Swan, near Livei’pool. 
1852. *Bennoch, Francis, ’^.S.A. 5 TaTistock-s(][uare, London, W.O. 

1848. fBenson, Starling, F.G.S. Gloucester-place, Swansea. 

1870. JBenson, W. Alresford, Hants. 

1863. jBenson, William. Fourstones Court, Newcastle-on-Tyne. 

1884. §Bentham, William. 724 Sherbrooke-street, Montreal, Canada. 

1842. Bentley, John. 2 Portland-^ace, London, W. 

1863. SBeittley, Robert, F.L.S., Professor of Botany in King’s College, 
London, 38 Penywern-road, Earl’s Court, London, S.W. 

1870. JBergius, Walter C. 9 Loudon-terrace, Hillhead, Glasgow. 

1868. JBerkelet, Rev. M. J., M.A., F.R.S., F.L.S. Sibbertoft, Market 
Harborough. 

1863. JBerkley, 0. Marley Hill, Gateshead, Durham. 

1881. XBerM^^ H. Bo7'li,e. Prestwick, Manchester. 

1848. XBeri'ington^ Arthur V. D. Woodlands Castle, near Swansea. 

1870, {Berwick, George, M.D. 36 Fawcett-street, Sunderland. 

1862. {Besant, William Henry, M.A., D.Sc., F.R.S. St. John’s College, 

Cambridge. 

1865. "^Bessemer, Sir Henet, F.R.S. Denmark Hill, London, S.E. 

1882. ^Bessemer, Henry, jim. Mount House, Hythe, Southampton, 

1858. {Best, William. Leydon-terrace, Leeds. 

Bethune, Admiral, O.B., F.R.G.8. Balfoim, Fifeshire. 

1883. {Betley, Ralph, F.G.S. Mining School, Wigan. 

1876. ^Bettany, G. T., M.A., B.Sc., Lecturer on Botany at Guy’s Hospital, 

Loudon. 2 Eckington-villas, Ashboimne-grove, East Dul¬ 
wich, S.E. 

1883, {Bettany, Mrs. 2 Eeldngton-villas, Ashhourne-grove, East Dulwich, 

S.E. 

1880, ’^Bevan, Rev. James Oliver, M.A. 72 Beaufort-road, Edgbaston, 
Hrmingham. 

1859. {Beveridge, Robert, M.B. 36 King-street, Aberdeen. 

1884, ^Beverley, Michael, M.D. 52 St. Giles’-street, Norwich. 

1874. ^Bevington, James B. Merle Wood, Sevenoaks. 

1863, {Bewick, Thomas John, F.G.S, Haydon Bridge, Northumberland, 
*Bickerdike, Rev. John, M.A. Shireshead Vicarage, Garstang. 

1870. {Bickerton, A.W., F.C,S. Christchurch, Canterbury, New Zealand. 

1863. {Bigger, Benjamin. Gateshead, Durham. 

1882. § Biggs, 0. rt. W., F.C.S. 1 Bloomfield, Bromley, Kent. 

1864, {Biggs, Robert. 16 Green Park, Bath, 
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Bilton, Kev. ‘William, M.A., P.G.S. United University Club, Siiffolk- 
street, London, S.W. 

1884. ^Bingkam, Jolin E. Electric Works, Slicdield. 

1881. JBinnie, Alexander B., P.G.S. Town Hall, Bradford, Yorksliire. 
1873. {Biims, J. Arthur. Manningham, Bradford, Yorkshire. 

1879. jBinns, E. Knowles, P.RG.S. 216 Heavjgate-road, Sheffield. 

Birchall, Edwin, F.L.S. Douglas, Isle of Man. 

BirchuUy Hmry, College House, B7'adfo7'd. 

1880. §Bird, Henry, P.G.S. South Down, near Devonport. 

1866. *Birkin, Kichard. Aspley Hall, near Nottingham. 

1871. *Bisoh:oe, Gitstay. 4 l&t-street, Bloomsbury, London, W.C. 

1868. {Bishop, John. Thorpe Hamlet, Norwich. 

1883, § Bishop, John le Marchant. 100 Mosley-street, Manchester. 

1866. {Bishop, Thomas. Bramcote, Nottingham. 

1877. {Blachfori), The Right Hon. Lord, K.O.M.G. Oornwood, Ivybridge. 

1884. §Black, Francis, P.R!G.S. Edinburgh. 

1881. §Black, William Galt, F.R.O.S.E. Caledonian United Service Club, 

Edinburgh. 

1869. {Blackall, Thomas. 13 Southernhay, Exeter. 

1876. {Blackburn, Hugh, M.A. Roshven, Fort William, N.B, 

1884. §Blackburn, Robert. New Edinburgh,, Ontario, Canada. 

Blackburne, Rev. John, M.A. Y^armouth, Isle of Wight, 

Blackburne, Rev. John, jun., M.A. Rectory, Horton, near Chip¬ 
penham. 

1877. {Blackie, J. Alexander. 17 Stanhope-street, Glasgow. 

1869. {Blaclde, John Stewart, M.A,, Professor of Greek in the University 
of Edinburgh. 

1876. {Blaclde, Robert. 7 Great Western-terrace, Glasgow. 

1855. *Blackie, W. G., Ph.D,, F.R.G.S. 17 Stanhope-street, Glasgow. 
1884. §BIacldock, Frederick W. 25 St. Famille-street, Montreal, Canada. 
1883. {Blacklock, Mrs. Sea View, Lord-street, Southport. 

1883. §Blaikie, Adrian. 4 Akenside-terraee, Jesmond, Newcastle-on-Tyne. 

1884. §Blaikie, James, M.A. 14 Viewforth-place, Edinburgh. 

1878. §Blair, Matthew. Oakshaw, Paisley. 

1883. §Blair, JNlrs. Oakshaw, Paisley. 

1863. {Blake, 0. Carter, D.Sc. 'W^estminster Hospital School of Medi¬ 
cine, Broad Sanctuary, Westminster, S.W. ^ 

1849. *Blakb, Hejtry WollastoV, M.A., F.R.S., F.R.G.S, 8 Devonshire- 
place, Portland-place, London, W. 

1883. ^Blake, Rev. J. F., F.G S., IProfessor of Natural Science in 

University College, Nottingham. 

1846. *Blake, William. Biidge House, South Petherton, Somerset. 

1878. {Blakeney, Rev. Canon, M.A., D.D. The Vicarage, Sheffield. 

1861. §Blakiston, Matthew, F.R.G.S. Free Hills, Biirledon, Hants. 

1881. jBlamires, Thomas II. Close Hill, Loclrwood, near Huddersfield. 

1884. ^Blandy, William Charles, B.A. 1 Friar-street, Readmg. 

1869. {Blakfoeb, W. T., LL.D., F.R.S., Sec. G.S., F.R.G.S. 72 Bedford- 
gardens, Campden Hill, London, W. 

1884. *BHsh, Wniiam G. Niles, Michigan, U.S.A. 

1869. *Blomefieli), Rev. Leojtard, M.A., F.L.S., F.G.S. 19 Belmont, 

Bath. 

1880. §Bloxam, G. W., M.A., F.L.S. The Hut, Upper Teddington, 
Surrey. 

1883. {Blumberg, Dr. 65 Hoghton-street, Southport 

1870. {Blundell, Thomas Weld. Ince Blundell Hall, Great Crosby, Lan- 
i oashire. 

1859.4Blunt, Sir Charles, Bart Heathfield Park, Sussex, 
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1850. tBlunt, Captain Eicbard. Bretlands, Ohertsey, Surrey. 

Blytli, B. Hall. 135 George-street, Edinburgh. 

1883. §Blytli, Miss Phcebe. 3 South Mansion House-road, Edinburgh. 

1858. *Blythe, AVilliam. Holland Bank, Church, near Accrington. 

1867. fBlytli-IMartin, W. Y. Blyth House, New^Dort, Fife. 

1870. jBoardman, Edward. Queen-street, Norwich. 

1883. §Bodman, Miss Caroline M, 45 Devonshire-street, Portland-place, 

London, W. 

1884. §Body, Hey. 0. W. E., M.A. Trinity College, Toronto, Canada. 

1871. JBohn, Mrs. North End House, Twickenham. 

1881. tBojanowski, Dr. Victor de, Consul-General for Germany. 27 

Finsbury-circus, London, E.O. 

1876. tBolton, J. 0. Carbrook, Stirling. 

1866. X^hndf Banlis. Lotv Favemerd, Nottingham, 

Bond, Henry John Hayes, M.I). Cambridge. 

1884. §Bond, Bight Bey. W., LL.D., Bishop of Montreal. Montreal, Canada. 
1883. §Bonnoy, Frederic, F.Il.G.S. Oriental Club, Hanover-square, London, 

1883. §Bonney, INliss S. 23 Denning-road, Hampstead, London, N.W. 

1871. ''Bo:5?27ey, Bev. Thomas Geoege, D.Sc., LL.D., F.B.S., F.S.A., 

Pres. G.S., Professor of Geology in University College, London. 
(Secketaey.) 22 Albemarle-street, London, IV. 

1860. IBooker, VC H. Oroinwell-terrace, Nottingham. 

1861. JBooth, James. Elnafield, Bochdale. 

1883. § Booth, James. Hazelhurst House, Tiirtoii. 

1883. JBooth, Bichard. 4 Stone-buildings, Lincoln’s Inn, London, W.C. 
1876. {Booth, Rev. William H. Yardley, Birmingham. 

1883. §Boothroyd, Benjamin. Bawlinson-road, Southport. 

1880, §Boothroyd, Samuel. Warley House, Southport, 

1861. ’^Borchardt, Louis, M.D. Barton Arcade, Manchester. 

1849. {Boreham, William W., F.B.A.S. The Moimt, Haverhill, New¬ 
market. 

1876. ^Borland, William. 260 West George-street, Glasgow. 

1882. §Borns, IleiiiT. Ph.D., F.O.S. 6 Anhalt-road, Battersea Park, 

London; S-W. 

1876. *Bosnnquet, It. H. M., M.A., F.C.S., P.R.A.S. St. John’s OoUese, 
Oxford. = ’ 

*Bossey, Francis, M.D. Mayfield, Oxford-road, Bedhill, SuiTey. 

1881. §Bolliamley, Charles H, Yorkshire College, Leeds. 

1867. §Botly, William, F.S.A. Salisbury House, Hamlet-road, Upper 

' Norwood, London, S.E. 

1872. {Bottle, Alexander. Dover. 

1868. {Bottle^ J. T. 28 Nelson-road, Great Yarmouth., 

1871. ^Bottomley, Jamies Thomson, M.A., F.B.S.E., F.O.S. 2 Eton- 

terrace, Billhead, Glasgow. 

1884, §Bottoniley, Mrs. 2 Eton-termee, Hiilhead, (Hasgow. 

Bottomley, William. Southamptoii-place, Beading. 

1870. {Bottomley, William, jun. 6 Uokeley-terraee, Ilillhead, Glasgow, 
1870. {Boult, Swinton. 1 Dale-street, Liverpool. 

1883. §Bourdas, Isaiah. 59 Belgrave-road, London, S.W. 

1883. {Bourne, A, G. University College, London, W.C. 

1866. §Botjene, Steebee, F.S.S. Abberley, Wallington, SuiTey. 

1884. §Bovey, Henry T., M.A., Professor of Civil Engineering and Applied 

Mechanics in McGill College, Montreal, Ontario-avenue, 
Montreal, Canada. 

1872. XBomll, William JBdward, 29 Jame$’-Bt7*eet^ BiwMngham-gate, 

London^ 8, W, 
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jS70. ifBower^ AutlioiiT. Bowerstlale, vSeafortli, Liverpool. 

1881. *Bower, F. O. Elmscroft, Ripon, Yorkshire. 

1867. JBower^ Dr. John. Perth. 

18o6. *Bowlby, Miss F. E. 23 Laiisdowne-parade, Cheltenham. 

1884. §Bowley, Edwin. Burnt Ash Hill^ Lee, Kent. 

1880. JBowly, Christopher. Cirencester. 

1863. jBowman, R. Benson. Newcastle-on-Tyne. 

Bowman, Sir Wilitam, Bart., LL.B., F.lhS., F.R.C.S. 5 Olifford- 
street, London, W. 

1869. JBowring, Charles T. Elmsleigh, Prince’s-park, Liverpool. 

1863. JBoyd, Edward Fenwick. Moor House, near Durham. 

1884. *Boyd, M. A., M.D. 90 C4eorg*e’s-street, Kingstown, Dublin. 

1871. tBoyJ) Thomas J. 41 Moray-place, Edinburgh. 
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1836. Chaeleswoexh, Edwaed, F.G-.S. 277 Strand, London, W.C. 

1874, ^Charley, William. Seymour Hill, Dunmurry, Ireland, 

1866. tCHAENOCK, Eichaed Stepheist, Ph.lD., F.S.A., F,E.G.S. Junior* 

Garrick Club, Adelphi-terrace, London, W.C. 

1883. JChater, Eev. John. Part-street, Southport. 

1884. *Ohatterton, George, 42 Queen Anne’s-gate, London, S.W. 

1867. *Chatwood, Samuel, F.E.G.S. Irwell House, Brinkwater Park^ 

Prestwich. 

1884. §Oa:ATJVEArr, The Hon. Dr. Mpntreal, Canada. 

1883. §Chawner, W., M.A. Emanuel College, Cambridge. 

1864. JCheadle, W. B., M.A., M.D., F.E.G.S. 2 Hyde Park-place, Cum- 

berland-gate, London, S.W. 

1874. *Ohermside, Lieutenant H. C., E.E. Care of Messrs. Cox & Co,,. 

CraigVcourt, Charing Cross, London, S.W. 

1884. §Oherriman, Professor, J. B" Ottawa, Canada. 

1879, *Chesterman, W. Broomsgro’ve-road, Sheftield. 

1879. XChm^m^ Commander J. P., P.W, 1 Westgate4errace, We^t 
' ton, London, S.W, 

1872. §Ohichestee, The Bight Hon. the Earl of. Stanmer House, Lewes. 

Chiob-esier, The Eight Eev. Exoiiari) Burnx’ORD, B.B., Lord 
Bishop of. Chicnester. 

1865. ^Child, Gilbert W., M.A., M,B., F.L.S. Cowley House, Oxford. 

1883. §Ohinery, Edward F. Monmouth House, Lymington. 

1884. §Ohipman, W. W. L. 6 Place d’Armes, Ontario, Canada. 

1842. *Ohiswell, Thomas. 17 Lincoln-grove, Plymouth-grovo, Man* 
Chester. 

1863. tCholmeley, Eev. 0. H. Binton Eectory, Salisbury. 

1882. jChorley, George. Midhurst, Sussex. 

1859. JChristie, John, M.D. 40 School-hill, Aberdeen. 

1861. iChristie, Professor B., C., M.A. 7 St. James’e-square, Manchester. 
1884. ^Christie, William. 13 Queen’s Park, Toronto, Canada, 

1875. “^Christopher, George, F.C.S. 8 Eeciory-grove, Ulapham, Loudon,. 


1876. 

1870. 

1860. 

1881, 

1867. 

1868. 



^Chbtsxal, G.> M.A., Professor of Mathematics in the Uuivt'.rsity of 
Edinburgh. 5 Belgrave-crescent, Edinburgh. 

§Gotrch, a. H., M.A., F.O.S., Professor of Chemistry to tho' 
Boyal Academy ox Arts, London* Shelsley, Ennordale-road,. 
Kew, Surrey. 

JChurch,, William Selby, M.A. St, Bartholomew’s Hospital, London,. 
E.O. 

JChuroMJl, Lord Alfred Spencer. 16 Butland-gate, London, S.W, 
jOhurchill, F., M.p. Ardtrea Bectory, Stewartstown, 0o» Tyrone*. 
JOlabburn, W. H. Thorpe, NorwicJi. . 

JCkpham, Henry. 5 Snmmerhill-grove, Newcastle-on-Tyue, 

St. James’s-road, E3s;etar. 

IClrondon, %edoriokVillierQ* ,1 Belyidere^plaoe, Mountjoy-square 
V Dublin. 
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1859. tClarIr, David. Ooiipar Angiis, FifesMre. 

1876. jClark, David R., M.A. SI Waterloo-street, Glasgow. 

1877. *Clark, F. J. Street, Somerset. 

1876. {Clark, George W. 31 Waterloo-street, Glasgow. 

1877. Clark, G. T. 44 Berkeley-sqiiare, London, W. 

1876. {Clark, Dr. John. 138 Batk-street, Glasgow. 

1881.1 {Clark, J. Edmund, B.A., B.Sc., F.G.S. 20 Bootliam, York. 

1861. {Clark, Latimer. 6 Westminster-cliambers, Victoria-street, London, 

S.W. 

1855. {Clark, Rev. William, M.A. Barrliead, near Glasgow. 

1883. {Clarke, Eev. Canon, D.D. 59 Hoghlon-street, Southport. 

1865. {Clarke, Rev. Charles. Charlotte-road, Edghaston, Birmingham. 
1875. {Clarke, Charles S. 4 Worcester-terrace, Clifton, Bristol. 

Clarke, George. Mosley-street, Manchester. 

1872. *(3la.bk;e, Hyde. 32 St. George’s-square, Pimlico, London, S.W. 
1875. {Clabke, John HenPwY. 4 Worcester-terrace, Clifton, Bristol. 

1861, ^Clarke, John Hope. 45 Nelson-street, Chorlton-on-Medlock, Man¬ 
chester. 

1877. {Clarke, Professor John W, University of Chicago, Illinois, U.S.A. 
1861. {Claeke, Joshua, E.L.S. Fairycroft, Saffron Walden. 

Clarke, Thomas, M.A. Knedlington Manor, Howden, Yorkshire. 

1883. {Clarke, W. P., J.P. 15 Hesketh-street, Southport. 

1884, §Clas:ton, T. James. 401 St. Urhain-street, Montreal, Canada. 

1861. {Clay, Charles, M.D. 101 Piccadilli^, Manchester, 

*01ay, Joseph Travis, F.G.S. Rastrick, near Brighouse, Yorkshire. 

1856. *Clay, Colonel William. The Slopes, Wallasea, Cheshire. 

1866. {Clayden, P, W, 13 Tavistock-sqiiare, London, W.O. 

1850. {Cdeghoen, Hugh, M.D., F.L.S. Stoavithie, St. Andrews, Scotland. 
1859. {Cleghorn, John. Wick, 

1875. {Olegram, T. W. B. Saul Lodge, near Stonehouse, Gloucestershire. 
1861, jCiELAND, John, M.D., F.R.S., Professor of Anatomy in the Univer¬ 
sity of Glasgow. 2 College, Glasgow. 

1873. §Cliff, John, F.G.S. Linnburn, Ilkley, near Leeds, 

1883. {Clift, Frederic, LL.D. Norwood, Sun*ey. 

1861, *Odd?xon, R. Bellaijiy, M.A.,F.R.S., F.KA.S., Professor of Experi¬ 
mental Philosophy in the University of Oxford. Portland 
Lodge, Park Town, Oxford. 

Olonhrock, Lord Robert. Olonhrock, Galway. 

3 878, §Close, Rev. Maxwell H., F.G.S. 40 Lower Baggot-street, Dublin, 
1873. {Clough, John. Bracken Bank, Keighley, Yorkshire. 

3861. *01ouston, Peter. 1 Park-torrace, Glasgow. 

3883. “^Cdowes, Fbank, B.Sc., F.G.S., Professor of Chemistry in University 
College, Nottingham. University College, Nottingham. 

1863. *Cliitterbuok, Thomas. Warkworth, Acklington. 

3881. ’^Glutton, William James. The Mount, York. 

1868. {Coaks, J. B. Thorpe, Norwich. 

1855. *Coats, Sir Peter. Woodside, Paisley. 

Gohb, Edward. 6 Lansdowne-place East, Bath. 

1884. §Cohb, John, Lenzie, near Glasgow. 

1804. {CoBBODD, T. Spenceb, M.D., F.R.S., F.L.S., Professor of Botany 
and Helminthology in the Royal Veterinary College, London. 
74 Portsdown-road, Maida Hill, loondon, W. 

1864, ^Cochrane, James Henry. Elm Lodge, Prestbury, Cheltenbam, 

1884, '*^Cockburn-IIood, J. J. Walton Hall, Kelso, NJ5. 

3883, §0ocksbott, J. J. 74 Belmont-street, Southport. 

1861. *Coe, Rev* Charles 0., E.R.G,S. Highfield, Manchester-road, 
Bolton. 
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1881. §OoFEiN', "W.vLTiJK Haeris, F.O.S. 04 Cornwall-^ardens, Sotitk 

Kensiug^ton, London, S.W. 

1865. JCogliillj 11. Newcastle-under-Lyme. 

1884. ’^Cohen, B. L. 30 Hyde Park-gardens^ liondon, \V. 

1876. JColbourn, E. Pusliton. 5 Marclimont-terrace, Ilillliead, Glasgow. 

1853. jColchester, "William, F.G.S. Springfield House, Ipswich. 

1868. j Colchester, W. P. Baasingbourn, Hoys ton. 

1879. jOole, Skelton. 387 Glossop-road, Sheilield. 

1876. tOolebrooke, Sir T. E., Bart., M.P., F.B.G.S. 14 South-street, Park- 
lane, London, W.; and Abington House, Abington, N.B. 

1860. tColeman, J. J., F.O.S. 69 St. George’s-place, Glasgow, 

1878. jColes, John, Curator of the Map Collection K.G.S.^ 1 Savile-row, 
London, W. 

1854. *Oolfox, William, B. A. Westmead, Bridport, Dorsetshire. 

1857. JOolles, William, M.D. 21 Stephen’s-green, Dublin. 

1869. jCollier, W. F, Woodtown, Ilorrabiidge, South Devon. 

1854. iOoLLTNGAVooT), OuTHBERT, M.A., M.B., F.L.S. 2 Gipsy Hill- 
villas, Upper Norwood, Surrey, S.E. 

1861. *Oollingwood, J. Frederick, F.G.S. New Atbenmum Club, 3 Pall 

Mall East, London, S.W. 

1865. *Collins, James Tertius. Ohurchfield, Edgbaston, Birmingham. 

1876. JCoLLiNS, J. IL, F.G.S. 64 Bickerfon-road, London, N. 

1876. jCollins, William. 3 Park-terrace East, Glasgow. 

1884. JCollins, William J., M.D., B.Sc. Albert-terrace, Begent's I*ark, 
London, N.W. 

1883. lOollis, W. Elliott. S Lincoln’s-Inn-fields, London, W.C. 

1868. ‘*CoLMAK, J. J., M.P. Canw House, Norwich', and 108 Cannon- 
street, Loudon, E.C. 

1882. jColmer, Joseph G. Office of the High Commissioner for Canada, 

9 Yictoria-ohambers, London, S.W. 

1884. jOolomh, Oapt. J. 0. B., F.R.Q.S. Dromquinna, Kenmare, Kerry, 

Ireland; and Junior United Service Club, London, S.W. 

1870. fColtart, Robert. The Hollies, Aighurth-road, Liverpool. 

1884. JCommon, A. A. 63 Eaton-rise, Ealing, Middlesex, W. 

1870. ♦CoaiPTOir, The Very Bev, Lord Alwyke, D.D., Dean of Worcester. 

The Deaneiy, Worcester. 

1846. ^Compton, Lord William. 145 Piccadilly, London, W. 

1884. JConklin, Dr. William A. Central Park, New York, U.S.A. 

1852. JOonnal, Michael. 10 Lynedock-terrace, Glasgow. 

1871. *Connor, Charles C, Notting Hill Iloiisc, Belfast. 

1881. JOoNRoy, Sir Jonif, Bart. Arhorlield, Beading, Berks. 

1876. jCook, James. 102 North-street, Glasgow. 

1882. tCooKE, Major-General A. 0., B.R, O.B„ F.B.G.S., Director-Gerieral 

of the Ordnance Sumy. Southampton. 

1876, '“'Cooke, Ooiteai) W. 2 Victoria-mansions, Mcloria-streot, London, 

Q "1X7 ' f 


1881. 

1868. 

1868. 

1884. 

1878. 

1881. 

1859. 


1883 . 


tCooke, F. Bishophill, Y^ork. 

jCooke, Bev. George H, Wanstead Ylcarage, near Norwich. 

Cooke, J. B. Cavendish-road, Birkenhead. 
tCooKB, M. 0.,M.A. 2 Grosvenor-villas, Upper Ilollowav, London, N, 
jCooke, B. P. Brockville, Ontario, Canada. 

JCooke, Samuel, M.A., F.G.S, Poona, Bombay. 

JOooke, Thomas. Bishophill, Y"ork. 

^Cooke, -Wmiarn Henry, M.A., Q.C., F.S.A. 42 -Wimpole-strect, 
n Bainthorpe Hall, Long Stratton, 

SOooke-Taylor, B. What^ley. Frenchwood House, Preston, 
fCooke-Taylor, Mrs. Freiichwood House, Preston* 
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1865. tCookseV; Joseph. ^Test Bromwich, Birmingliara. 

1863. j CooksoUj N. C, BemoeU Tower, Newcastle^on-Tyne. 

1869. § Cooling, Edwin, F.K.G.S. Mile xish, Derby. 

1883. X Coomer, John, 63 Albert-road, Southport. 

1884, §0oon, John S. 604 Main-street, Cambridge Pt., hlassachusetts. 

U.S.A. 

1883. {Cooper, George B. 67 Great Bussell-street, London, “W.C. 

1850. {Cooper, Sir Henry, M.D. 7 Charlotte-street, Hull. 

Cooper, James. 68 Pemhridge-villas, Bayswater, London, W. 

1884. §Cooper, Mrs. M. A. West Tower, Marple, Cheshire. 

1879. § Cooper, Thomas. Bose Hill, Botherham, Yorkshire, 

2846. {Cooper, Willia.m W'hite, F.R.O.S. 10 Berkeley-square, Lon¬ 
don, W. 

1868. {Cooper, W. J. The Old Palace, Richmond, Surrey, 

1884. §(Jope, E. D. Philadelphia, U.S.A. 

1878. {Cope, liev. S. W. Bramley, Leeds. 

1871. {Copeland, Ralph, Ph.D., F.*B.A.S. Dim Echt, Aberdeen. 

1868. {Copeman, Edward, M.D. Upper Eiug-street, Norwich. 

1881. {Copperth-waite, H. Ilolgate Villa, Holgate-lane, York. 

1863. {Coppin, John. North Shields. 

1842. Corbett, Edward. Ravenoak, Cheadle Hulme, Cheshire. 

1855. {Corbett, Joseph Henry, M.D., Professor of Anatomy and Physiology 
in Queen’s College, Corlc, 

1881. §Oordeaux, John. Great Cotes, Ulceby, Lincolnshire. 

1883. *Core, Thomas H. Fallowfield, Manchester. 

1870. ^CoREiEEl), W. H., M.A., M.D., F.C.S., F.G.S., Professor of Hygiene 

-and Public Health in University College, 30 Bolton-row, 
Mayfair, London, W. 

Cory, Rev. Robert, B.D., F.C.P.S. Stanground, Peterborough. 
1883. § Costelloe, B. F. 0., M.A., B.Sc. S3 Chancery-lane, London, W.O. 

Cottam, George. 2 WTnsley-street, London, W. 

1857. tCottam, Samuel. Brazenose-street, Manchester. 

1865, {Cotterill, Rev. Henry, D.D., Bishop of Edinburgh. Edinburgh. 
1874. ^OoTXERiLL, J. H., M.A., F.R.S., Professor of Applied Mechanics. 
Royal Naval College, Greenwich, S.E. 

1864. {Cotton, General Frederick 0., R.E., C.S.L 13 Longridge-road, 

EaiTs Court-road, London, S.W. 

1869. {Cotton, William. Pennsylvania, Exeter. 

1879. ::0ottrill, Gilbert I. Shepton Mallett, Somerset. 

1876. ;;Couper, James. ^ City Glass Works, Glasgow. 

1876. {Oouper, James, jun. City Glass Works, Glasgow. 

1874. {Oourtauld, John M. Booking Bridge, Braintree, Essex. 

1834. {Cowan, Charles. 38 West Re^ster-street, Edinburgh. 

1876. tCowan, J. B., M.D. Helensburgh, N.B, 

Cowan, John. Vallejdield, Pennycuick, Edinburgh. 

1863. {Cowan, John A. Blaydon Burn,"Durham. 

1863. {Cowan, Joseph, jun. Blaydon, Durham, 

1872. *0owan, Thomas William, "F.G.S. Comptons Lea, Horsham. 

Oowie, The Very Rev. Benjamin Morgan, M.A,, D.D., Dean of 
Exeter. The Deanery, Exeter. 

1871. {Oowper, 0. E. 3 Great George-street, Westminster, S.W", 

186Cb {Cowper, Edward Alfred, MJnst.C.E. 6 Great George-street, 
Westminster, S.W. 

1867. ^Cox, Edward. Lyndhurst, Dundee. 

1867. *0ox, George Addison. Beechwood, Dundee. 

1867. {Cox, James. Clement Park, Lochee, Dundee, 

1870. *Oox, James. 8 Falkner-st^uare, Liverpool. 
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1848. JDaSilra, Jolinson. Burntwood, Wandsworth Common, London, S.W. 

1878. JD’Admay, Q-. 22 Upper Leeson-street, Biiblin. 

1872. ^Davenport, John T. 64 Marine Parade, Brighton. 

1880. §Davey, Henry, M.Inst.O.E. Buperfc Lodge, Grove-road, lleadingloy, 

Leeds. 

1884. §David,A. J.,B.A.,LL.B. 4 Harcourt-buildings, Temple,London,E.C. 

1870. JDavidson, Alexander, M.D. 2 Gamhier-terrace, Liverpool, 

1871. X^avidson^ James. Neiohattle, Dalkeith^ N.B. 

1859. tDavidson, Patrick. Inchmarlo, near Aberdeen. 

1872. {Davibsoi^, Thomas, LL.I>,, F.B.S., F.G.S. 9 Salisbury-road West, 

Brighton. 

1875. JDavies, l)avid. 2 Queen’s-square, Bristol. 

1870. {Davies, Edward, F.O.S. 88 Seel-street, Liverpool. 

1842. Davies-Oolley, Dr, Thomas. Newton, near Chester. 

1873. ^Davis, Alfred. Parliament Mansions, London, S.'W. 

1870. *Davis, A. S. 6 Paragon-buildings, Cheltenham. 

1864. {Davis, Charles E., F.S.A. 55 Pulteney-street, Bath, 

Davis, Eev. David, B.A. Lancaster. 

1881. {Davis, George E. The Willows, Fallowfield, Manchester. 

1882. § Davis, Henry C. Berry Pomeroy, Springlield-road, Brighton. 

1873. ^Davis, James W., F.G.S., F.S.A. Chevinedge, near Halifax. 

1856. ’^Davis, Sir Johh Francis, Bart,, KO.B., F.11.S., F.U.G.S, Holly¬ 

wood, near Compton, Bristol. 

1883. {Davis, Joseph, J.P. Park-road, Southport. 

1883. JDavis, Bobert Frederick, M.A. Earlsiield, Wandsworth Common, 

^ London, S.W. 

1882. {Davis, II. Gloucester Lodge, Portswood, Southampton. 

1873. XDavis, William Samuel. 1 Camhridf/e’‘villa8f Derby. 

1864, *Davison, Pdehard. Beverley-road, (ireat DrilHeld, Yorksliire. 

1857. {Davy, Edmitnb W., M.D. Eimmage Lodge, Eoundtowii, near 

Dublin. 

1869. {Daw, John. Mount Eadford, Exeter. 

1869. {Daw, E. M. Bedtbrd-circus, Exeter. 

1860. *Dawes, John T., F.G.S. Blaen-y-Eoe, St. Asaph, North Wales. 
1864. {Dawhins, IV. Boyb, M.A., F.E.S., F.G.S., F.S.A., Professor of 

Geology and Paleontology in the Victoria Univorsity, Owens 
College, Manchester. W^oodhurst, Fallowfield, Manchester. 
Dawson, John, Barley House, Exeter. 

1884. §Dawaon, Samuel. 258 University-street, hlontreal, Canada. 

1855. {Dawson, Sir William, C.M.G., M.A., LL.D., F.E.S., F.G.S., 

. ^ Principal of hPGill College, Montreal, Canada. 

1859. *Dawson, Captain William G. Plumstoad Common-road, Kont, 
S.E. / 

1879, {Bay, Francis. Eenilworth House, Ohelteuliam. 

1871, {Bay, St. John Vincent, M.Inst.O.E,, F.E.S.E. 160 Buchanan- 

street, Glasgow. 

1870. *Beaoon, G. F., M.Insi.O.E. Eock Ferry, Liverpool. 

1861. {Beacon, Henry. Appleton House, near Warrington. 

1861. {Bean, Ileniy. Colne, Lancashire. 

1870. ^Deane, Eev. George, B.A., D.Sc., F.G.S. Spring Hill College, 
Moseley, near Birmingham. 

1884. ^Bebenham, Frank, F.S.S. 26 Upper Hamilton-terrace, London, N.W. 
1866. {Debits, Heinrich, Ph.B., F,R.S., F.O.S,, Lecturer on Chemistry 
at Gtiy’s Hospital, London, S.E. 

1884. iBeck, Arthur, F.O.S. 9 Bang’s-parade, T’ambridgo. 

1882. Bb Ohaitmont, FBANgois, M.D., F.B.S., Professor of Ilygi&ne in the 
Royel Victoria Hospital^Netley. 
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3878. ifDelany, Bev. 'William. St. Stanislaus College, Tullamore. 

1864. La Kite, Waeret, M.A., D.O.L., Ph.D., F.K.S., F.O.S., 
F.'R.A.S, 73 Portland-place, London, W. 

1879. XT)e la Sala, Colonel, Sevilla House, Navarino-road, London, B.W. 
1884. *De Laiine, C. DeL. F. Sharsted Court, Sittingboiirne. 

1870. '|De Mescliin, Thomas, M.A., LL.D. 8 New-square, Lincoln’s Inn, 
London, W.O. 

Bencliar, John. Morningside, Edinburgh. 

1873. i Denham, Thomas. Huddersfield. 

3884. § Denman, Thomas W. Lamb’s-buildings, Temple, London, E.C. 
1876. jDenny, William. Seven Ship-yard, Dumbarton. 

Dent, "William Yerbury. Royal Arsenal, Woolwich. 

1870. ^Denton, J. Bailey. 22 Whitehall-place, London, S.W. 

3874. §De Rai^ce, Charles E., F.G.S. 28 Jermyn-street, London, S.W^. 
185G, *Derbt, The Right Hon. the Earl of, li.G., M.A., LL.D.,F.R.S., 
F.R.G.S. 23 St. James’s-square, London, S.W.; and Knowsley, 
near Liverpool, 

1874. *Derham, Walter, M.A., LL.M., F.G.S. Henleaze Park, Westbmy- 

on-Trym, Bristol. 

3878. JDe Rinzy, James Harward. Khelat Survey, Sukkur, India. 

1868. JDess6, Etheldred, M.B., F.R.C.S. 43 Kensington Gardens-sqiiare, 

Bayswater, London, W. 

De Tablet, George, Lord, F.Z.S. Tabley House, Knutsford^ 
Cheshire. 

1869. ifDBVOur, The Right Hon. the Earl of, D.C.L. Powderham Castle, 

near Exeter. 

^Devonshire, His Grace the Dulie of, K.G., M.A., LL.D., F.R.S., 
F.G.S., F.R.G.S., Chancellor of the University of Cambridge. 
Devonshire House, Piccadilly, Loudon, W.; and Chatsworth, 
Derbyshire. 

1868. JDewar, JameSj M.A., F.R.S. L. & E., Fullerian Professor of 
Chemistry in the Royal Institution, London, and Jacksonian 
Professor of Natural Experimental Philosophy in the University 
of Cambridge. 39 Brookside, Cambridge. 

3881. JDewar, Mrs. 19 Brookside, Cambridge. 

1883. §Dewar, James, M.D., F.R.C.S.E. DrjlawHouse, DavidsonsMains,. 

Midlothian, N.B. 

3884. *Dewar, "William. Park House, Barnsley. 

1872. JDewick, Rev. E. S., M.A., F.G.S. 2 8outhwick-i)lace, Hyde Park, 

London, W. 

1884. §De Wolf, 0. C., M.D. Chicago, U.S.A. 

1873. *DBW-SMrrH, A. G., M.A. 7a Eaton-square, London, S.W. 

1883. §Dickin8on, A. P. Fair Elms, Blackburn. 

1864. ^Dickinson, F.IL, F.G.S. Kingweston, Somerton, Taunton; and 121 
St, George’s-square, London, S.W. 

3863. JDickinson, G. T. Olaremont-place, Newcastle-ou-T^me. 

1867. tDiCKSON, Alexaneer, M.D., Professor of Botany in the University 
of Edinburgh. 11 Royal-circus, Edinburgh. 

1884. §Dickson, Charles R., M.D. Wolfe Island, Ontario, Canada. 

1881. ^Dickson, Edmund. West Cliff, Preston. 

1883. JDickson, T. A. W'est Cliff, Preston. 

1862. *Dilrb, The Right Hon. Sir Charles Wentworth, Bart., 
F.R.G.S. 76 Sloane-street, London, S. W. 

3877. tDillon, James, M.InstC.E. 36 Dawson-street, Dublin. 

1848. JDillwtn, Lewis Llewelyn, M.P., F.L.S., F.G.S. Parkweme, 
near Swansea, 

1372. JDinbs, George. "Woodside, Ilersham, "Walton-on-Thames. 
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1809. tDingle^ Edward. 19 King-street, Tavistock 
]850. ’^Dingle, Eev. J. Lanchester Vicarage, Durham. 

1876. JDitchfield, Arthur. 12 Taviton-streetjGordon-square, London,W.C. 

1868. fDittmar, William, F.K.S. L. & E., F.C.S., Professor of Oheniistiy 

in Anderson’s College, Glasgow. 

1884. §Dix, Jolm William H. Bristol. 

1874. *Dixon, A. E. Diinowen, Cliftonville, Belfast. 

1883. §Dixon, Miss E. 2 CM-terrace, Kendal. 

1853. JDixon, Edward. Wilton House, Southampton. 

1879, *Dixo3T, IIakold B., M.A., F.O.S. Trinity College, Oxford. 

^Dobbin, Leonard, M.Ii.I.A. 27 Gardiner’s-place, Dublin. 
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Chemistry. Surgeons’ Hall, Edinburgh: ami Jirigliion House, 
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West, Dublin. 

1884. §Macdoiigall, Alan. Toronto, (Canada. 

1884. §MoDougall, John. 35 St. Francois Xavier-stroet, Montreal, Canada. 

1878. ’'^M^Ewan, John. 4 Douglas-terrace, Stirling, N.B. 

1881. $Macfarlane, A., D.Sc., F.E.S.E. The University, Edinburgh, 

1871. jM^Farlane, Donald, The College Laboratory, Glasgow. 

1855. ^Macfarlane, Walter. 22 Park-circus, Glasgow. 

1879. JMacfarlane, Walter, jun. 22 Park-circus, Glasgow, 

1884. §Macfie, K. N,, B.A., B.O.L, Winuipc'g, Canada. 

1864. ^Macfie, Robert Andrew. Dreghoni, Colinton, Edinburgh. 

1867. *M‘Gavin, Robert. Ballumbie, Dundee. 

1855. JMacGeorge, Andrew, jun. 21 St. Vincent-place, Glasgow. 

1872. tM^Georjjo, Mungo, Nithsdalo, Laurie Park, Sydon ham, S.E, 

1884. jMacGillivray, James, 42 Caicliurt-strcet, Montreal, Canada, 

1884. iMacGoun, Archibald, juu., B.A., B.C.L. 10 Place dArmos, Mont¬ 
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*Shaen, William. 15 Upper Phillio) ore-gardens, Kensington, Lon- 
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" Sharp, Rev. John, B.A. Hortury, Wakefield. 

*Sharp, William, M.D., E.R.S., F.G.S, Horton House, Rugby. 
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1883. tSharples, Charles H., F.O.S. 7 Fishergate, Piuston. 
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1870, JShaw, Duncan. Cordova, Spain. 
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1883. §Sibly, Mias Martha Agnes. Flook House, Taunton. 

1883. ^Sidebotliam, Edward John. Erlesdene, Bowdon, Cheshire. 

1883. ^Sidebotham, James Nasmyth. Erlesdene, 31owdon, Chesliire. 
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1874. 
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Surrey. 

1873. iSlater, Clayton. Barnoldswick, near Leeds. 
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1857. {Smith, Aquilla, M.D., M.R.I.A. 121 Lower Baggot-street, Dublin. 

1872, *Smith, Basil Woodd, F.RA.S. Branch Hill Lodge, Hampstead 

Heath, London, N.W. 
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1876. ’^Smith, J. Guthrie, 54 West Nile-stroet, Glasgow. 
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1867. {Smith,, Thomas, Dundee. 

1867. : Smith, Thomas. Poole Park Works, Dundee. 
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1883. JSnape, Joseph. 13 Scaxisbrick-street, Southport. 

1878. §SnelL H. Saxon. 22 Southampton-buildings, London, W.C. 
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1881. ’’^Stanley, William Ford, F.G.S. Cumherlow, South jSforvvood, 
Surrey, S.E. 

1883. §StanIey, Mi*s. Cumherlow, South Norwood, Surrey, S.ll 
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1861. jSteiuthal, H. M. Hollywood, Fallowfield, near Manchester. 
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1876. {Strain, John. 143 West Regent-street, Glasgow. 

1863. {Straker, John. AVellington House, Durham. 
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A&ioa-Egypt. 

The Wild Tribes of the Soudan: 

An Account of ' 1 ‘ravel and Sport chiefly 
in the Basd Country. Being Personal 
Experiences and Adventures during 
Throe Winters in the Soudan. By F. 

L. James. With Maps, 40 Illustrations, 
and 6 Etchings. Medium 8vo, axs. 

A Popular Account of Dr. Liv- 

ingstone’s Travels and Adventures in 
South Africa, 1840-5(5. Illustrations. 
Post 8vo, 7S. 6 d, 

A Popular Account of Dr. Liv- 

ingstorte’s Expedition to the Zambesi, 
Lakes Shirwa and Nyassa, 1858-64. 
Illustrations. Post 8vo, 7s. 6d. 

Dr. Livingstone’s Last Journals 

in Central Africa, 1865-75. By Rev. 
Horace Waller, Illustrations, a vols. 
8vo, iss. 

Livingstonia ; Journal of Ad- 

ventures in Exploring Lake Nyas.sa, and 
Establishing a .Settlement there. By E. 
D. Young, R.N. Map. Post 8vo, 7s. 6d. 

Journey to Ashango Land, and 

Further Peneiration into Equatorial 
Africa. By P, B. DU Chaillu. IUus* 
trations, 8vo, 31s. 

Adventures and Discoveries 

among the Lakes and Mountains of 
Eastern Africa. By Captain Elton 
and IL B. Cotterill, With Map and 
llluvStrations. 8vo, »is. 

Wanderings South of the Atlas 

Mountains, in the Great Sahara. By- 
Canon Tristram. IllustratioiLs. Post 
8vo, iss. 

Six Months in Ascension, An 

Unscientific Account of a Scientific Ex¬ 
pedition. By Mrs. Gill. Map. Crown 
8vo. ps. 

A Residence in Sierra Leone, 

described from a Journal kept on the 
Spot. By a Lady. Post 8vo, 3s. 6d. 


Five Years’ Adventures in the 

far Interior of S. Africa with the Wild 
Beasts of the Forests. By R. Gordon 
Gumming.^ Woodcuts. Post Svo, 6s. 

Recollections of Fighting and 

Hunting in .South Africa, 1834-67, By 
Gen. Sir John Bissht, C.B, Illustra¬ 
tions. Crown Svo, 14s. 

Egjrpt after the War, &c. By 

ViLLiERs Stuart. Seep. /p. 

The Country of the Moors. A 

Journey from Tripoli in Barbary to the 
Holy City of Kairwan. By Edward 
Ras. Illustrations. Crown Svo, las 

British Mission to Abyssinia. 

With Notices of the Countries traversed 
By Hormuzd Rassam. Illustrations. 
2 vols. 30s. 

Sport in Abyssinia. By Earl 

of Mayo. Illustrations. Crown Svo, 12s. 

Abyssinia during a Three 

Years’ Residence. By Mansfield Par- 
KYNs. WoodcuLs. Post 8vo, ys. 6d. 

Adventures in the Libyan De¬ 

sert By B. St. John. Post Svo, 2s. 

Travels in Egypt, Nubia, Syria, 

and the Holy Land. By Captains Irby 
and Mangles. Post Svo, as. 

The Cradle of the Blue Nile. 

A Visit to the Court of King, John of 
Ethiopia. By E. A. db Cosson. Illus¬ 
trations. 2 vols. post Svo, 21 s. 

An Account of the Manners 

and Customs of the Modern Egyptians. 
By Edward Wm. Lane. Woodcuts, 
a vols. po.st Svo, I as. 

Madagascar Revisited; De¬ 
scribing the Persecutions endured by the 
Christian Converts. By Rev, W, Ellis. 
Illustrations, Svo, i6.s. 

Hediterranean—Greece, 
Turkey ia Europe, 

Travels in Asia Minor: 

With Antiquarian Researches and Disco¬ 
veries, and IlUiscration.s of Biblical Litera¬ 
ture and Archsology. By H. Van Lkn- 
NER. Illustrations, 2 vols. post Svo, 24s. 

Troja, Ilios, Mycenaj, &c- .By- 

Dr. SCHLIEMANN. Scrp. /<51 

Cyprus ; its Ancient Cities, 

Tombs, Temples, &c. By Gen. Dt 
Cesnola, Illustrations. Medium Svo# 
50S. 

Bulgaria before the War; a 

Seven Years’ Experience of Enropean 
Turkey and its Inhabitants. By H. C. 
Barkley. Post Svo, los. 6d. 

Between the Danube and the 

Black Sea; or, Five Years in Bulgaria. 
By H. C. Barkley. Post Svo, los. 6d. 
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Mr. Mitrrayh List of Works 


Researches in tlie Highlands 

of Tut key, By Rev, H. F. Tozkr. lUub- 
3 vo'la. Crowv^ Svo, 34a. 

Lectures on the Geography of 

Greece. By l-tev. H. F. Tozeu. Map, 
Post 8vo, 9s. 

Twenty Years’ Residence 

among the Bulgarians, Greeks, Albani¬ 
ans, I’urks, and Armenians, liy a Cou- 
.sul’s Wife. 2 vols. crown Svo, 21s. 

' Reminiscences of Athens and 

the Morea, during Travels in Greece. 
By Lord Carnarvon, Crown 8vo, 7s. 6d. 

Asia, Syria, Holy Land. 
England and Russia in the EavSt. 

A Scries of Papers on the Political and 
Geographical Condition of Central Asia. 
By Sir li. Rawlinson, Map. 8vo, 12s. 

Siberia in Asia. A Visit to 

the Valley of the Yenesay in East Siberia, 
With Description of the Natural Historj'’, 
Migration of Birds, &c. By Hunky 
Seeboiim, With Map and 60 Illustra¬ 
tions. Crown 8VO, 14s. 

The Caucasus, .Persia andTur- 

key in Asia. A journey to Tabreez, 
Kurdistan, down the Tigris and Eu¬ 
phrates to Nineveh and Babylon, and 
across the Defsert to Palmyra By 
Baron Thi ElmanN. Illustrations, a 
vols. post 8VO, s8s. 

Sketches of the Manners and 

Customs of Peisia. By Sir ^oiiN Mal¬ 
colm. Post 8vo, 3s. 6a. 

Sinai and Palestine; in Con¬ 
nection with their History. By Dean 
Stanley. Plans, Svo, 14s. 

The Bible in the Holy Land. 

Extracts from the above Work. Wood- 
cut.s. Fcap. Svo, as. 6cl. 

Researches in the Holy Land 

in 1838 and *852. By E. ‘RanwsoN, 
D.D, Mapj*. 3 vols, 8va, 4as. 

Dama-scus, Palmyra, Lebanon; 

with Travel.s among the Oiaut Cities of 
Kusliau and the Huukui. By Kov. J. L. 
Pouter. Woodcuts, Post Svo, 7s, r»d. 

Nineveh and its Remains* 

With an Account of a Vi.sit to the Chal¬ 
dean Christians of Kurdistan, nnd the 
Yer.eilia or Devil Wqrshtpvjers, 8i:c. By 
Sir H. t.AyARi>. Illu.stratio«s. a Vols. 
8vo, 36s.; or post 8vo, 7s. 6d. 

Nineveh and Babylon ; a Nar- 

rativft of a Second Expedition to the 
Rums of Assyria, with Travels in Ar¬ 
menia. By Sir H. Lavatrd. Illustra¬ 
tions. Svo, 21$.; or po.st Svo, 7s. 6d. 

The Jordan, the Nile, Red Sea, 

, Lake of Gennesareth, etc. The Cruise 
, . ofthe Rob Ray in Paleuine, Egypt, &c. 

, By John MAcauBGOR. Illustrations. 
Post Svo, 7s. 6d. 


The Land of Moab. I'ravels 

and Di^ouverh's 011 the East Sule ol the 
Uciul Sen and the Jvu’d.vn. By t'antm 
'riasTRAM. lIlir,tr.ations. Hr. 8va, ic;s 

The Bedouins of the Euphrates 

Valley. By Ladv Anne Blunt, lllus- 
trations. 2 vols. crown Svo, 2.^!% 

A Pilgrimage to Nejcl^ the 

Cradle of the Arab Race, and a Vi.sit 
to the Com t of the Arab Emir. By Lady 
Anne Blunt. With niusttuUons. b 
vols. post Svo, 24s. * 

Visits to the Monasteries of the 

Levant. By the Hon. Ruukrt Cur/un 
(Lord Auichc). With Illustrations, l‘ost 
8 VO, 7s. 6d. 

Australia, Polynesia, Ssc* 

Winters Abroad: Some Infor¬ 
mation respecting Places vir.Ucd by tlie 
Author on Areoiuit of Health. In¬ 
tended for the Use and Guidance of in- 
vaikls. By R. H. Oi'Tkk, M.A. Crown 
Svo, 7M, od. Austmlia; Melhtuirne, 
Tasmania, Sydney, QuecuHland; the 
Riverina, Algter.s, Egypt, Cape of Good 
Hope, Davos, 

Discoveries in New Guinea. 

A Cmi'ie in Polynesia, and Visits to 
T*orres Straits, etc. By Capt M{)UKsnv, 

■ IlluHtrationb, Svo, 3,5s, 

The Gardens of the Sun; or a 

Naturali.st’s JenmmI on the Mountains 
and in the Forests and' .Swamps of Bor¬ 
neo and the Sulu Archipelago. By 
F, W. Burihdgk. With IIlustrations, 
Crown Svo, J4,s, 

A Boy’s Voyage Round the 

World. Edited by Samuei. Smiles, 
Woodcuts. Small Svo, 6s, 

Hawaiian Arcliipelago; Six 

Months among the Palm Groves, Coral 
Reefs, and Volaiuoc.s of the Sandwich 
Islands. By 1 haiiww.a Bikh. HIhs- 
tratiuns. Crf>wn Bvn, 7s. 6d. 

Ride Through the Disturbed 

Districts nf NEW i^EALAND at the time of 
the Rcht'Uitm. By Hem. If, Mkadh, 
UluRtralumK, 8vn, sos, 

Typee and Omoo; or the 

M nrquesas and South Sea tshuidem. 3 ly 
H. Melvii.lis, 2 vols, post Svo, 7i, 

Notes and Sketches of New 

South Wales. By Mn. Meredith, 
Post Svo, 2 S. 

America, West Indies, Arctic 
Begions. 

Mexico To-Day: A Country 

with a Great Future, With a <*lance at 
the Prehistoric Remains and Antiqukia 
of the Mantezumas, By T. IJ. BkocklE- 
HURST. With 18 Coloured Flateg and 37 
Woodcuts. Medium Svo, »3t«. 
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Mexico and the llocky Moun- 

t.iins. IJy Gkokgk F. I^uxton. Post 
8vo, 3S. 6d. 

A Lady’s Life in the Rocky 

Moimtaiiia. By Isawuj.a Bikp, IUus- 
tvatiuus. Post 8vo, 7s, 6d. 

Pioneering in South Brazil. 

Throe Years of Forest and Prairie Life 
By 'r. P, Bigg Wither. Illustiations. 
a vois. Crown SvO;, 24s. 

Voyage of a Natttralist roundthe 

World. By Chas. Darwin. Post Svo, 9*?. 

The Naturalist on the River 

Amazon, with Adventures during^ 
Kleven Years of Travel. By H. W'. 
Bates. Illustrations, l^ost Svo, 7s. Cd. 

Voyage up tlie River,:Amazon 

and a visit to Para. Ey- William H. 
Edwards. Post Svo, as. 

The Patagonians j Wanderings 

over Untrodden Ground from the Straits 
of Mag:cIIan to the Kio Negro. By Capt. 
Musters, illustrations. Post Svo, 7s. 6d. 

Voyage of the “Fox” in^fhe 

Arctic Seas, and the Discovery of the 
Ftite of Sir John Franklin and his Com- 

? .anions. By Sir Leopold M‘Clintociv. 
Ilustrations. Post Svo, 7s. 6d, 

Perils of the Polar Seas. True 

Stories of Arctic Discoveiy and Adveu- 
tnre. By Mrs. CaistfoLM, Illustrations. 
Small Svo, 6.s, 

Communistic Societies of the 

U'NITED Stater; their Creeds, Social 
Practices, and Present Condition. By 
C Nordiiofr. Illustrations. Svo, sss. 

Europe. 

The White Sea Peninsula. A 

Tourney to the White Sea. By Edward 
. KAE. With Map, 12 Etchings, and 14 
Woodcuts. Crown Svo, xss. 

Summer Travelling in Iceland. 

'J'he Narrative of Two journeys across 
the T.sland by Unfrequented Routes. 
With U mts for a Tour. By J ohn Co lhs. 
With a Chapter on Askja by E. B. Mor¬ 
gan. Map and Illustrations. Svo, i8s. 

The Land of the Midnight Sun. 

Svunmer and Winter Journeys through 
Sweden, Norway, Lapland, and' North¬ 
ern Finland, with descriptions of the 
Inner Life of the People, their Manners, 
Cvistoms, I^rimitive Antiquities, etc. By 
Paul B. du Chaillu. Map and 235 
lUuHirations. a vols. Svo, 3fi.s, 

Etchings on the Mosel; a 

Series of ao Plates, with Descriptive Let¬ 
terpress. By Ernest George. Folio, 4 ?s. 

Twenty Years in the Wild 

West of Ireland ; or, Life in Connaught. 
By Mrs. Hodstoun. Crown Svo, 9s. 

Greece. By Bishop Words¬ 

worth. 


Etchings from the Loire and 

South of. France. In a Scries of Twenty > 
, Plates, with Descriptive Text. By 
Ernest George. Folio, 4ss, 

Rambles among the Hills; or, 

Walks on the Peak of Derbyshire and 
in the South Downs. By L. J. Jen¬ 
nings. With Illustrations. Post Svo, 12s. 

The Ascent of the Matterhorn. 

By Edward Whymper. 100 Illustra¬ 
tions. Medium. Svo, los, 6d. 

A Month in Norway. By J. G. 

Hollway. Fcap. Svo, 2s. 

Letters from tlie Shores of the 

Baltic. By a Lady. Post Svo, as. 

Letters from High Latitudes: 

An Account of a Yacht Voyage to Ice¬ 
land, Jan Mayen, and Spitzbergen. By 
Lord Dufferin. Illustrations. Crown 
Svo, 7s. 6d. 

The Bible in Spain; or, the 

Journeys, Adventures, and Imprison¬ 
ments of an Englishman in the Peninsula, 
By George Borrow. Post Svo, 5s. 

The Gypsies of Spain; their 

Manners, Customs, Religion, and Lan¬ 
guage. By Geo. Borrow. Post Svo, ss. 

Gatherings from Spain. By 

I Richard Ford. Post 8vo, 3s. 6d. 

Bubbles from the Brunnen of 
, Nassau. By Sir Francis Head. 
i Woodcuts.' Post Svo, 7s, 6d. 

Geilfral Geograpliy and 
Tra/rels* 

A History of Ancient Geo¬ 
graphy among the Greeks and Romans, 
from the Easiest Ages. By K, H. Bun- 
BURY, 2 vols, Svo, ais. 

The Journal of a Lady’s Travels 

Round the World: Including Visits to 
Japan, Thibet, Yarkand, Kashmir, Java, 
the Straits of Malacca, Vancouver’s 
Island, etc. By F. D. Bridges. With 
Illustrations. Crown Svo, 15s. 

Sunny Lands and Seas: A 

Cruise Round the World. Including 
India, the Straits Settlements, Manilla, 
China, Japan, the Sandwich Islands, and 
California. By Hugh Wilkinson. With 
Illustrations. Bvo, tes. 

Art of Travel; or, Hints on 

the .Shifts and Contrivances available 
in Wild Countries. By Francis Galton, 
Woodcuts. Post Svo, 7s, 6d. 

Diction ary of Greek and Roman 

Geography. 2 vols. royal Svo, 56$. 

Atlas of Ancient Geography. 

See /. 30, 

Journal of the Royal Geogra- 

phical Society. Svo. From 183* to xSSo. 
See aUo School Books, 27, 28^ 
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Mr. Murray s List of 


HANDBOOKS FOR TRAVELLERS. 


Foreign. 

Handbook—Holland and Bel¬ 

gium. Maps and Plans. Post Svo, 6.s. 

Handbook—North Germany; 

the Rhine, the Black Forest, the Hartz, 
Thiiringerwald, Saxon Switzeiland, 
Rugen, the Giant Mountains, Taunus, 
Odenwald, Elass, and Lothringexi. 
Map and Plans. Post Svo, los. 

Handbook—Switzerland j The 

Alps of Savoy and Piedmont. Maps 
and Plans. In Two Parts. Post Svo, los 

Handbook—South Germany; 

Tyrol, Bavaiia, Austria, Salzhurg, 
Styria, Hungary, the Danube, etc. Maps 
and Plans. Post Svo, los. 

Handbook—Franee. Part I. 

Normandy, Brittany, The French Alps, 
the Loire, Seine, Garonne,'and Pyrenees. 
Maps and Plans. Post Svo, 7s. 6d. 

Handbook—France. Part IL 

Auvergne, the Cevennes, Biugundjr, the 
Rhone and Saone, Provence, Nlraes, 
Arles, Marseilles, the French Alps, Ah 
sace, Lorraine, Champagne, etc. Maps 
and Plans. Post Svo, 7s. 6d. 

Handbook—Paris and its En- 

virons. Maps and Plans. i0mo, 3s. fid. 

Handbook — Mediterranean: 

Its principal Islands, Cities, Seaports, 
Harbours, and Borderlands, With nearly 
50 Maps and Plans. Post Svo, 20s. 

Handbook—AlgeriaandTunis; 

Algiers, Constantin, Oran, Atlas Mts., 
etc. Maps and Plans. Post Svo, los. 

Handbook — Spain ; Madrid, 

The Castiles, Basque, Asturias, Galicia, 
Estremadura> And.ilusia, Honda, Gran¬ 
ada, Murcia, Valencia, Catalonia, Aragon, 
Navarre, lialearic Islands. M.aps 
and Plans. Post Svo, 20s. 

Handbook—Portugal; Lisbon, 

Oporto, Cintra, etc. Map. I^ost Svo, i s>s. 

Handbook—North Italy; Pied- 

jnont, Nice, Lomhardy, 'V'euire, Parma, 
Modena, axicl Romagna, Maxxs and 
Plans. Post Svo, los. 

Handbook—Central Italy; Tus- 

cany, Florence, T.ucca, Umbria, I'he 
Marches, and the Patrimony of Peter. 
Maps and Plans, l^ost Svo, los. 

Handbook—EgyjJt; the Nile, 

Nubia, Alexandria, Cairo, The Pyramids, 
Thebes, Suez Canal, Peninsula of Sinai, 
The Oases, the Fyoom. Map and Plans. 
In Two Parts. Post Svo, 158, 

Handbook — Greece; Ionian 

Islands, Athens, Peloponnesus, .<Egtean 
Sea, Albania, Thessaly, and Macedonia. 
Maps and Plans. Post Bvo. 


Handbook—Lome and its Kn. 

virons. Map and Plans, i’ost Svo, los. 

Handbook — South Italy; 

Naples, Pompeii, Herculaneum, Vesuvius, 
Abruzzi. Maps and Plans. Post Svo, los. 

Handbook—Turkey in Asia; 

Constantinople, "rhe Bosphorus, Brousa, 
Tioy, Crete, Cyprus, Siuyrn.a, Ephesus, 
the Seven Churches, the Black Sea, 
Armenia, Mchopotainia. Maps and 
Plans. Post 8vo, 15s. 

Handbook—Denmark ; Slcs- 

wig-Holsleiu, Copenhagen, Jutland, IcC' 
land. Maps and Pluis. Post Svo. 

Handbook—Sweden; Stock¬ 

holm, Upsala, Gothenburg, the Shores of 
the Baltic, etc. MapsandPlans. PostBvo. 

Handbook—Norway; Christi¬ 
ania, Bergen, Trondlijcin, the Fjelds, 
Iceland. Maps and Plans, Post Bvo, ys. 

Handbook—Russia; St. Peters¬ 
burg, Mcis(’o\v, Poland,^ Finland, The 
Crimea, Caucasus, Siberia, and Central 
Asi.a. Maps ami Plans. I'ost Svo, jSn, 

Handbook—Bomliay, Poonah, 

Beejapoor, K(*lapoor, Indore, Surat, Bar- 
oda, AUmedabatl, Soiunauth, Kurrachce, 
etc. Map and Plans. Post Svo, t5s. 

Handbook—Madras, Trichino- 

poli, Madura, Tinncvelly, ^ Tutieoriu, 
Bangalore, Mysore, the Nilgiris,WynaaiU 
Ootacamund, Calicut, Hyilerubad, 
Ajanta, Elura Caves, etc, Maps and 
Plans. Post Svo, t^s. 

Handbook—Bengal, Calcutta, 

Orissa,British Fhinmih, 1 >aritlinq, Dacca, 
Patnm Gaya, Benares, N.«W. Provinees^ 
Allahalwul, Cawnporc. J.ucknovv, Agnu 
Gwalior, Niiird, Tnl, Delhi, Kluttuuuulu, 
etc. Maps and Piuns* Post Hvti, ans. 

Handl)ook — Thu Punjnli. 

Amraoti,lmUw,Aimir, Jaypiu% UobtnlM 
Sahaninjmr, Ambaht, l^tKitaim, Lahorts 
Kulu, Simla, Sialkot. Pcsliawar, K.iwnl 
Piutli, Attottk, Karachi, Sibi, etc. M.ips, 

X5». 

Handbook—HolyLand; Sinai, 

Kdom mul the Syrian Deserts, jent- 
Salem, Petra, Dmnnscus, mid Palmyra, 
Maps and Plans. Post Svu, wos. 

Travelling Map of JhtksHne^ 

Mmnicd md tn ei raw. 

Handbook—Japan. Tokio, 

Kto, Ozaka, Plakodate, Nagasaki, mid 
other Cities. ^With an Account of the 
most Interesting Parts of the Main U* 
land; and of the Ascents of the Prim i - 
ml Mountains; and Descriptions of 
Temples* With Historical Notes anti 
Legends* By FatNEsr M. Satow,, 
CM.G., and Li A.G. S. PIawes, R.M* 
With Maps and Plana* Post 8ro,. 



Handbooks for Travellers, 


n 


Languages. 

Handbook Dictionary; Eng¬ 
lish, French, ninl Oerman. Ciintainiug 
nil the \vorils and UVionraticphrases Ukely 
ta bo nMiuired by a traveller. Bound in 
leather, jbmo, G.s. 

Handbook — Travel Talk;— 

Knglifvhj French, Gennim, and Italian, 
ibiuo, 3.S, 6(1. 

Unglisli. 

Handbook—London as it is. 

Map and Plans, iimio, 3s. Gd 

Handbook—Environs of Lon¬ 
don, within CO miles round of the Metro¬ 
polis. a vols, J'ost Svo, ajs. 

Handbook—England & Wales. 

Condensed^ in one Volume. Forming 
a t Companion to Bradshaw’s Railway 
Tl'ubles. Map. Po^t Svo, xos. 

Handbook—Eastern Counties; 

Chelmsford, Harwich, Colchester, Mal- 
don, Camhudge, Kly, Newmarket, Bury, 
Ipswich, Wondbridge, Feli.\.stow<5, Lowe¬ 
stoft, Norwich, Yarmouth, Cromer, Map 
and Plans, Post Svo, is»s, 

I-I andbook — Kent; Canter- 

bury, Hover, Ramsgate, Rochester, 
Chatham. Map and Plans. Post Svo, 
7s. <id. 

Handbook—Sussex; Brighton, 

Etthtbourne, Chichester, Hastings, 
Lewes, Arundel, etc. Map, Post Svo, 6s. 

Handbook—Surrey and Hants; 

Kingston, Croydon, Reigate, Guild¬ 
ford, Dorking, Boxhill, Winchester, 
Southampton, Now Fore.st, Portsmouth, 
Lsle of Wight. Maps and Plans. Post 
Svo, los. 

Handbook—Berks, Bucks, and 

Oxon; Witidsor, Eton, Reading, Ayles¬ 
bury, Henley, Oxford, Blenheim, and the 
'L'hames. Map and Plans. Post Svo, 9s. 

Handbook—Wilts, Dorset, and 

Somerset; Salislmry* Stonehenge, Chip¬ 
penham, Weymouth, Sherborne, Wells, 
Bath, Bristol, etc. Map. Post 8vo, 12s. 

Handbook—Devon; Exeter, 

Ilfracombe, T/mton, Sidmouth, Dawlish, 
I'eignmouth, Plymouth, Devonport, 'Por- 
quay. Maps and Plans, Post 8vo, ys. Gd. 

Handbook—Cornwall; Laun- 

ceston, Pen?;ance, Fulmouth, The Li- 
ijard, Land’s End. Maps Post Bvo, 6s- 

Handbook—Gloucester, Here- 

ford, and Worcester; Cirencester, Chelt¬ 
enham, Stroud/I’ewkesbnry, Leominster, 
Ross, Malvern, Kidderminster, Dudley, 
Evesham. Map, Post Svo. 

Handbook — North Wales; 

Bangor, Carnarvon, Beaumaris, Snow¬ 
don, Llanheris, Dolgelly, Cader Idris, 
Conway. Map. Post Svo, ys. 


Handbook — Soulli Wales; 

Monmouth, LlandafT, Merthyr, Vale of 
Neath, Pernbtoke, Carmarthen, Tenby, 
Swansea, the Wye. Map. Post Svo, y.s. 

Handbook—Derby, Notts, Lei¬ 
cester, and Stafford ; Matlock, Bakewell, 
Chatsworth, 'fhe Peak, Buxton, Hard¬ 
wick, Dovedale, Ashbourn, Southwell, 
Mansfield, Retford, Burton, Bel voir, 
Melton Mowbray, Wolverhampton, Lich¬ 
field, Tamworth. Map. Post Svo, gs. 

Handbook—Shropshire & Che- 

shire, Shrewsbury, Ludlow, Bridgnorth, 
Oswestry, Chester, Crewe, Aklerley, 
Stockport, Birkenhead. Maps and Plans. 
Post 8 VO, 6s. 

Handbook—Lancashire; War- 

rington, Bury, Manchester, Liverpool, 
Burnley, Clitheroe, Bolton, Blackburn, 
Wigan, Pieston, Rochdale, Lancaster, 
Southport, Blackpool. Map. Po.st Svo, 
ys. fid. 

Handbook—Northamptonshire 

and Rutland; Northampton, Peter¬ 
borough, I'owcesler, Daventry, Market 
H arborough, Kettering, W al Ungborough, 
Thrapston, Stamford, Uppingham, Oak¬ 
ham. Maps. Post 8vo, ys. Cd, 

Handbook—Yorkshire ; Don¬ 
caster, I-Iull, Selby, Beverley, Scar¬ 
borough, Whitby, l-Iarrogate, Ripon, 
Leeds, Wakefield, Bradford, Halifax, 
Huddersfield, Sheffield. Map and Plans. 
Post Svo, 12s, 

Handbook—Durham and 

Northumberland; Ncwca.stle, Darling¬ 
ton, Bishop Auckland, Stockton, Hartle¬ 
pool, Sunderland, Shields, Berwick, Tyne¬ 
mouth, Alnwick. Map. Post Svo, gs. 

Handbook—Westmorland and 

Cumberland ; Lancaster, Furness Abbey, 
Arablcside, Kendal, Windermere, Coms- 
ton, Keswdek, Grasmere, Ulswater, Car¬ 
lisle, Cockermouth, Penrith, Appleby. 
Map. Post Svo. 

TraveUmg Map of the Lake 

District^ 3^, fief. 

Handbook—Scotland; Edin- 

burgh,^ Melrnse, Abbotsftird,^ Glasgow, 
Dumfiies, Galloway, Ayr, Stirling, Arran, 
The Clyde, Oban, Inverary, Loch Lo¬ 
mond, Loch Katrine and Trossachs, Cale¬ 
donian Canal, Inverness, Perth, Dundee, 
Aberdeen, Braemar, SKyc, Caithness, 
Ross, and Sutherland. Maps and Plans, 
Post Svo, os. 

Handbook-—Ireland; Dublin, 

Belfast, The Giant’s Causeway, Bantry, 
GiengarifT, etc., Donegal, Galway, Wex¬ 
ford, Cork, Limerick, Waterford, Kil* 
larney. Maps and Plans, Po.st Svo, 10$. 

\Jn ^reparaiwn* 

Handbook—Herts, Beds, War- 

wide. Map. Post 8va. 

Handbook — Huntingdon and 

Lincoln. Map. Post Svo, 
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Handbook —Southern Cathe- 

Salisbury, Exeter, 
Wells, Knchestur, Canterbury, Chichev,. 
. ter, and St. Albans. Illustrations, a 
vols. Crown 8vo, 36s. 

Handbook — JEavStern Cathe- 

Oxford, Peterborough, Ely, Nor¬ 
wich, and Lmcoln. Illustrations. Crown 

oVO, flXS. 

Handbook — Western Cathe- 

drals, Bristol, Gloucester, Heieford 
Worcester, and Lichfield. With fio Illusl 
txations. Crown Svo, ids. 


ENGLISH CATHEDRALS 


Handbook — Nortfu'rn (\iihe- 

drak York, Kiptm, nnthum, Carlisle, 
Chester, and Al.uaihesttM*. Illustrations, 
a vols, Crown bvtt, ms. 

Handbook—Welsh Cathcdrnls. 

Llandnff, 1st. Davltl's, iJainsir, .uul St 
A.saph’H. Illusiniliouti. Crown Svti, 15s! 

Handbook—St, Alban’s Catiio- 

dral. lliustrations. Crown 8vt>, 6s. 

Handbook—St. Paul’s. Ulus- 

trations, Crown Svo, to.s. 6d. 


Ts.c; I t Religion and theology. 

I lie Speaker s Commentary on • * - 

}3ible. ^ E.xplanatory and Critical, 

With a Revision of the IVanslation. By 

rhlT fv. Anglican 

Church. Edited by Canon Cook, Med- 
lum Svo. Old Test. : 6 vols., 135s. 


New Test.: 4 vols., 94s.’ See}Tla^%: 

ine Apocrypha; with a Com¬ 

mentary, Explanatory and CriticaL bv 

*P*P* e.® ^i®^'*** Medium Svo. 
Uniform tvith the Speaker’s Commentary, 

The New Testament: Edited, 

short Practical Commentaiy, by 
Crown Svo, 21s. 

The Student’s Edition of the 

Speaker’s Commentary on the Bible. 

Fuller, M.A. 4 Vols. Cr. Svo, 
7S. _6d. each. Set inside 0/ IVraMey. 

Dictionary of the Bible; its 
Concise Bible Dictionary. For 

f Students and Families. Con- 

^ nimw&tofaT- 
Smaller Bible Dictionary: for 

.L*"? Abridged 

Dictionary of ChrisHan Anti- 

Qumas; comprising the History, Insti- 

ChiS <^hristian 

i.^nurcn* Edited by Ur, Wm. Smit'h 

and Archdeacon Chbetham. IUusS 
tions. a vols. Svo, ; 13:6. 

By Dean 

Hook, 8vo, j6s. 

Dictionary of Christian Bio- 

Vok i..ii.,&in. svSatsfSe^’ 


A Dictionary of Hyranoloffy; 

A Conipaninu to exist ing Hymn Jlixils 

OnghramfK;?^^^ 

tfic ilynm.s in the most pupularf Iviutin.!*, 
^^Waphicul Notices of 
tlieir Authors and j ranslalors, mid their 

JULS“^r"«“'“- 

Students’ Manuai.s,//. jy. 

Histore of Latin Chri.slianity, 

mcluding that of the Popes to the fonti- 
iicMte of Nicholas V. *By l)e u mTi . 
MAN, 9 vok crown Svo, 

Chief Facts in the 
Book of Common Prayer • 

r”« ^'; 5.“"«1 Notes, With Initial 
letters, Vignettes, etc. Sves tSs. “ 

A Book of Family Prayers: Se- 

^ K Bollock. tSmo, 38.6d. 

Signs and Wondons in the Land 

JViJliVr”’ Yi^l* “nrt M«lem 
i umlbls End lllustmiioim, By R<?v 

^ ^ b. Millinutom. Woodcuts. 8Vo, yTlSd.’ 

ihe Talmud; Selected Ex- 

BtshopB akclav. IIlustrationTB™, 4 s! 
History of the Christian Church 

& #0810110 Age to the Keforma- 
* f 4 'tst 7 ‘ By Canon RoflERr- 

SON. 8 vols. post 8vo, 6s, each. 

Undesigned Scriptural Coinci- 

f*iw!? end New Testaments: 

BloTt.'’^ feevrir J’ J- 

Christian Church 

m me Fast Three Centuries, By Rev. 

J. J. Blw. Post Svo, 6s. ^ ^ 
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The Ihii'isli J’rioKl; His Duties, 

Anjiiiirnicnts, ami ByRtjv. 

J. j. liniNT. IVtsi IJvti, 6s, 

IViblical Researches in, Palos- 

tinp and tlir, Adjai’«nt Be.tdons. A Joiir- 
aat ni‘ Tirivfls aiul Researches, With 
llistoriral IUusli*aiions. IJy Edwakd 
f).J X Maps. 3 voK Svo, 4es, 

Should the Revised N(;w Testa¬ 
ment b« Authnnsml? ^ By Sir Edmund 
iUcciCKTT, <}.C. Past Svo, Us. 

The Revision Revised, Three 

Articles Reprinted from the Quarterly 
AVswjw: ( 1 .) "i'he New Oreek 'J’exf, 
(IL) The New English Versanti ; ( 111 .) 
Westcutc and lion's Textual Theory. 
With a R<*ply to Bishop Kllicott. By 
John W, ihJKtji*N> Dean of Chi¬ 
chester, 8vo, jt4H. 

The Revised Version of the 

Three First Gospek, Considered in its 
lkai*ing!< upon the Record of our Lord's 
WordvS and Incidents in His Life, By 
Canon F, C. Cook* Svo, 9s, 

The Origins of Language and 

RcllKiou, Considered in Five Essays. 
By Caiian F. C. Cook, M.A. 8vo, 15s. 

Psalms of David; with Notes, 

Explanatory and Critical. By Bean 
Johnson, Canon Elliott, and Canon 
Cook* Medium Svo, jros. 6d* 

The Gospel According to St 

John, With Notes and Dissertations hy 
Canon B, F, Westcott, JP.JD, Medium 
Bvo, JOS. 6d. 

Manual of Family Prayer; ar- 

, ranged on a card. 8vo, as. 

The First Principles of the Re- 

formation, Illustrated in the Ninety-five 
Theses and the Three Primary Works of 
Martin Lutlier. Edited, ivith^ Theolo¬ 
gical and Historical Introductions. By 
Henry Wacr^ D.B., and Professor 
Buciihmim, King’s Coin, London, With 
Portrait, dvo* las. 

Church and the Age: a Series 

of Essays on the Principles and Pre- 
#ent Position of the Anglican Church. 
By various Writers, a vols. Svo* ads. 

The Synoptic Gospels,—The 

Death of Christ,~The Worth of I.ife,— 

Design in Nature, and other Khsays. 
By Archbishop Tnumson. Cr. Svo, 9s. 

Companions for the Devout 

Life. Lectures delivered at St. James’s 
Church. 1875-76. Post Svo, 6s. 

Classic Preachers of the Eng- 

lish Church. 

First Series. 1877- Donne, Barrow, 
South, Beveridge, Wilson, Butler. With 
Introduction. Pos»t Svo, 7s. Od, 

Second Series. 1S78. ^Bull, Plora- 
ley, Taylor, Sanderson, Tillotson, An- 
drewes, Past Svo, 7s. 6d. 


Masters in English Theology. 

J.ectun‘s ddivmml at King’s College, 
Londtm. Jiy Cianon Baruv, Dean of St 
Paul’s, Piof. PlumpPKE, Canons West¬ 
cott ;uid Farrar, and Archdeacon 
CUKKTHAIU. X’ost Svo, 7S. 6d, 

Essays on Cathedrals. By 

various Authors. Edited, with an In¬ 
troduction, by Dean HowsoN. Svo, las. 

The Cathedral: its Necessary 

Place in the Life and Work of the 
Church, By the Arc) t bishop of Canter- 
UURY. Crown Svo, 6s. 

The Gallican Church. From 

the Concordat of Bologna, 1516, to the 
He volution. W^ith an nitioductiun. Jiy 
W.H. Jervis, I^ortraits. a voK Svo, eSs. 

Continuity of Scripture, as 

declared by the Testimony of Our Lord 
and of the Evangelists and Apostles. 
By Lord Batheklev. ss. dd. 

Bible Lands; their Modem 

Customs and Manners, illu.strative of 
Scripture. By Henry Van Lennep, 
D,D. Illustrations. Bvo. sis. 

The Shadows of a Sick Room. 

With Preface by Canon Liddon. 
x6mo, ss. 6d. 

An Argument for the Divinity 

of Jesus Christ. From ‘*1^© Christian- 
isme et les temps prcvsents,” By Aube 
Em. Bougaud. Translatecl by C L. 
CuRRiB. Fcap. Svo, 6s, 

The Witness of the Psalms to 

Christ and Christianity. The Bnmpton 
Lectures for 1876. By the Bishop of 
Derry. Bvo, 14s. 

Treatise on the Augustinian 

Doctrine of Predestination. By Canon 
Mozley. With lnde.x and Analysis. 
Grown Svo, 9s. 

Foundations of Religion in the 

Mind mid Hemt of Man. By Sir John 
Bvles. Post 8vo, 6s. 

Hymns adapted to the Church 

Service. 12 y Bp. Hebeu. i6nio> is, 6d. 

The Nicene and Apostles’ 

Creedw. With some account of “ The 
Creed of St Athanasius." By Canon 
SwAiNsoN, Bvo, 16s. 

Religious Thought and Life 

in India. An Account of the Religions 
of the Indian Peoples, based on a Life’s 
Study of their Jdteratm'e, By MoKmie 
Williams, Professor of Sanskrit at Ox¬ 
ford. Part I. Vediam, Biahmanism, and 
Hinduism. Svo, i8g. 

Part 11 . Buddhism, Jainism, Zoroas¬ 
trianism, Islam, Indian Christianity, 

{In ihe Pnss. 

Christian Institutions j Essays 

on Ecclesiastical Subjects. By Dean 
Stanley. Bvo. isss. 
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Epistles of St. Paul to the 

Corinthians. The Greek Text; with 
Critical Notes and Dissertations. By- 
Dean Stanley. 8vo, x8s. 

Lectures on the History of the 

Eastern Church. By Dean Stanley. 
With Plans. Crown 8vOj 6b. 

Lectures on the History of the 

Jewish Church, from the time of Abra¬ 
ham to the Christian Era. By Dean 
Stanley. Maps and Portrait. 3 vols. 
Crown 8vo, tBs. 

Sermons preached during the 

Tour of the Prince of Wales in the East. 
By Dean Stanley. With Notices of 
the Localities visited. 8vo, 9s. 

Sermons Preached in West¬ 
minster Abbey on Public Occasions. By 
the late Dean Stanley. 8vo, las. 

The Jesuits : their Constitu- 

tion and Teaching; an Histoiical Sketch., 
By W. C. C.4RTWR1GHT. 8vo, 9s, 

Life in the Light of God’s. 

Word. ByArchbp.TnoMsoN. Post8vo,S!S»* 

Sermons preached in Lincoln’s- 

Inn. By Canon Cook. 8vo, 9s. 

Benedicite; or, Song of the 

Three Children. Being Illustrations of 
the Power, Bene(icence,and Design mani¬ 
fested by the Creator in His Works. By G. 
C. Child Chaplin, M.D. Post 8vo, 6s. 


Life in Faith* School Sermons. 

By T. W, Jex-Blakf., D.D. Small 
8vo, 3s. 6(1. 

A History of Christianity, from 

the Birth of ChrKt to the Abulitiun of 
Paganism in the Konum Empire. By 
Dean Milman. 3 vols. post 8vo, tas. 

History of the Jews, from the 

earliest perioctj continued to Modern 
Times. By Dean Milman, 3 vols. post 
8vo, ras. 

A Smaller Scripture History of 

the Old and New Testaments. Edited by 
Dr. W. Smith. Maps and Woodcuts. 
i6mo, 3s. 6d. 

Sermons preached at Lincoln’s- 

Inn By Archbp. Thomson. 8v«, 10s. 6d. 

Rome and the Newest Fashions 

in Religion. By the Right Hon. W. E. 
Gladstone. Containing The Vatkan 
Decrees—Valic.inism—Speeche.s of Pius 
IX. 8VO, 7.S. 6d. 

Eight Months at Rome, during 

tho Vatican Council, with a Daily Ac¬ 
count of the Procci'diiigb. By PoMUrjNlo 
Lhto. 8VO, j5?s. 

Worship in the Church- of 

England. By A. J. B. BioircsFORn- 
Hope. 8vo, os-jf/r, Popular Ediiitm. 
8vo, 2S. 6d. 

Worship and Order. ]?y A. J. 

B. BERIiSFORD-HOPlS, M.P. Svo, pH. 


SCIENCE, NATURAL HISTORY, GEOLOGY, ETC. 


Connexion of the Physical 

Sciences. By Mary Somerville. New 
Edition revised. Plates. Post 8vo, 9s. 

Molecular and Microscopic 

Science. By Mary SoMERvn.t.E. Illus¬ 
trations. 2 vols, post 8vo, a IS. 

Ironclad Ships; their Qualities, 

Performances, and Cost, with Chapters 
on I’urret Ships, Rams, etc. By Hir K. 
J. Reed, K.C, B. lllubtrations. 8vo, tas. 

Six Months in Ascension ,• 

an Dnscientiilc Account of a Scientific 
Expedition, By Mrs. Gilu Map. 
Crown Svo, gs. 

The Admiralty Manual of 

Inquiry, prepared for the use 
of Ofneers, and Travellers in General. 
Map. Post Svo, 3s, 6d, 

Reports of the British Associa- 

TION for the Advancement of Science, 
from, 1:831 to the present time, Svo. 

Philosophy in Sport made 

Science in Earnest; or, the Finst Principles 
Philosophy explained by aid 
^ the Toys and Sports of Youth. By 
Dr* Paris. Woodcuts. Post Svo, 7s. 6d, 


Science. 


Metallurgy; The Art of Ex- 

trading Metals from their fii'cs. By 
John Percy. With IllustraiitiuH, 8vt>. 
Fuel, Wood, Peat, Coal, 30s. 
Lea ij, and Part of Si lvi«r. 3US, 

Silver and Gold. 30.1 

The Manufacture of Russian 

Sheet iron. By Idun Piettcv, Bvo, 2 h. <wl. 

A Manual of Naval Arcliitcc- 

Biro for the Use of OfTiwr^ of thti 
Royal N.'ivy, Mercantile Marine, V}u:htK-» 
» ^hipintilders. and utheiu By W. 

H. White, Illustrations. Svo, a4s. 

Hydrographical Surveying. A 

Description of the Means and Methods 
w in Constructing M urine CbartH, 
F Wharton, R.N. 
With Illustrations. Svo, igs. 

Walks in the Regions of Science 

and Faith; Essays by the Bishop of Car¬ 
lisle. Crown Svo. 7s* 6d, 

A Practical Treatise on Ship- 

Building in Iron and Steel. By Sir E* 
J. Bked, K.C.B., M.P, Second and 
Revised Edition* With Plans and Wood- 
cuts, Svo. 
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in Natural History and Medicine. 


Natural riiilosoiiby ; an Intro- 

«Uiruntitotlic tif StailcM, Pyimmuis, 
Hlk%u, ,111(1 Siiuml; 
with miimjiiMK KM:iiiiplcs. iJy iSAMUht, 
N I' W'l U. Stu.dl iivoj yu ('id. 

Matlicmatical I'lxamples. A 

(iriultuiteti Sniles<»f Khniumtary Kxam* 
pies m Aiiihmctii', Algt‘biu, Loj*arith«is, 
I'ngmumidtry, and Mi'f’liunics, By 
Samui'I, Niavtii, Small Svoj Bl.. 6d. 


PalUirns for Turning; to l)e 

•MU (m tlic t,atlm mlhaat the use of nny 
Oin.tmeut.il tiniek. By W. H. Kijmiin- 
STUNK. Illiistuilions. StmiU 4to, igs. 

IClcnicnls of Mechanics, includ- 

inj* Hyduistatiir., with uumornus Ex¬ 
amples, By Samuici, Niavth. Small 
Svo, Bs. f'd. 

The Freeciom of Science in the 

Altidem .State. By Rudolf Vikchow. 

Fcp. SVO, 2S. 


ITatural History and Medioine. 


Siberia in Asia, A Visit to the 

Valley of tlu; Veuesay in Kant Siberia. 
With DesLnptiuuul dm NaturalHihiory, 
Migration taf Biids, t&c. By iltSNWv 
Sr‘U^iitia.M. Map imd Ilhustratioas. 
Crown tIvO) 

Life of a Scotch Naturalist 

<Tiir»MAs Edward). By S. Smilks. 
illn'ttnuUms. Boht Hvo, 

The C.at; an Introduction to 

the Stufly of BaokboiKrd AutnuilH, eiipe- 
eijdly Mammals, By St. Gkorgk Mtv- 
AiiT, With 1200 111 list mtiuuh. Bvo, 30s, 

Lessons from N.ature; as mani- 

fested in Mind and Matter. By St. 
CiFomat Mivakt, F.R.S, Bvn, 15^^* 

Tlie Origin of Hi)ecies, by 

M ISA NS Of NATirRAi. SuLKmoN .* nr t’litt 
Bre'servation of Favoured Ruees in the 
Struggle for Life. By C*ha«lk.sDarwin. 
Boht 8vo> 78. fid. 

Voyage of a Naturalist; a 

Jtmrmd of Re^em'rhes into the Natural 
Hihtory and Geology of tlie Caunnries 
visited during a Voyage round the 
World, By CiiARMts Darwin. Blus- 
tratian«. Bust bvo, 914. 

Variationof Animals and Plants 

uNDisR Domksticatiun. By U Dar¬ 
win, fUustratiorts. a vnln, or, 8vo, 

The Various Contrivances by 

which ORcntHH are Fkktii.iskd by 
Insects, By Charles Darwin, Wooeb 
cuts. Post 8 vq, 9s, 

The Kfifects of Cros.s and Self 

Fertilisatum in the Vegetable Kingdom, 
By Cha Rt.ES Darwin, Crown Bvo^ tss. 

Expression of the Emotions 

in Man and Animals. By CnARLK.s 
Darwin. Illustrations. Crown 8vo, ias. 

Descent of Man and Selection 

in Relation to Sex. By Charles 
Darwin, Illustrations. CrownSvojos, 

Insectivorous Plants, By 

Charles Dakwin, Post 8yo> r4S. 

The Movements and Habits 

of Climbing Plants. ByCnAS. Darwin. 
Post 8vo, 6s, 


The Different Forms of Flowers 

on Plants of the same .Species. By 
CiiAULKi. Darwin, Woodcuts. Crown 
8vo, JOS. 6d. 

The Power of Movement in 

Plants. By CiiAru.Es Darwin, assisted 
by hRANCTS Darwin. Woodcuts. 
Crown 8VO, jss. 

The Formation of Vegetable 

Mfiidd through the Action of Woims. 
With Observations on their Ilalnts. By 
CiiARtKS Darwin. Woodcuts. Post 
8vo, 9s. 

Facts and Arguments for Dar¬ 
win. r.y Fritz Mutu*. IHustrntions. 
Post 8vo» (JS, 

Geographical Handbook of all 

the known Fenis, with 'I’ables to show 
i^eir Distribution. By K. M, Lyisll. 
Pt;»$t 8vo, ys. 6d, 

The Gardens of the Sun; or, a 

IS'aUtraUst's Journal on the Mountains 
and in the Forests and Swuiiips of Bor¬ 
neo and the Sidu Archipelago. By 
F.. W. Rurbidgk. With Illustrations 
Crown 8vo, 14s. 

Harvest of the Sea, An Ac¬ 
count of the British Food Fishes. With 
Sketches of Fisheries and Fishur-Fulk, 
ByjAMisy 0 . Bertram, lllustrationh, 
Post 8vo, 08. 

Household Surgery; or, Hints 

for Kmergenries. ByJuHN F, South. 
With new Preface and Additions. Wood- 
cuts. Fcap, 8vo, 3H, 6d. 

Winters Abroad: Some Infer- 

malion Respecting Places Visited l>y the 
Author on Account of Ids Health* In¬ 
tended for the Use and Guidance of In¬ 
valids. By R. H, Otter, hl.A. Crown 
8vo, 78, 6d. 

Kirkes’ Handbook of Physio- 

logy. By W. Morhant ' Baker, 
4580 Woodcuts. Post 8vo, J4S* 

Gleanings in Natural History. 

By Edward Jesse. Woodcuts. Fcap. 
3$, 6d. 



i8 


Mr. Murray's List of Works 


Geograpliy and Geology. 


Student’s Elements of Geo- 

By Sir Charles Lyell, Wood- 
cuts. Post 3 vo, gs. 

Principles of Geology; or, the 

Modern Changes of the Earth and its 
Inhabitants, as Illustrative of Geology. 
By Sir Charles Byell. Woodcuts. 
2 vols. Svo. 

Physical Geography. By Mary 

Somerville. New Edition, Revised by 
Rev. J. Richardson. Poi trait. Post 
Svo, 9s. 

Physical Geography of the 

Holy Land By Edward Robinson, 
Post Svo, JOS. 6d. 

A History of Ancient Geo¬ 
graphy among the Greeks and Roman.s, 
from the Earliest Ages to the Fall of ti^ie 
Roman Empire. By E. H. Bunbury. 
With 20 Maps. 2 vols. Svo, ajs. 


Siluria j a History of the Oldest 

Rocks in the British Tsles and other 
Countries; with Sketches of the Origin 
and Distribution of Native Gold, the 
general succession of Geological Pninui- 
tions and changes of tlie ICaVllfs siuTaco. 
By Sir Roderick Murchison, illus¬ 
trations. 2 vols. Svo, jSs. 

Records of the Rocks; or, ' 

Notes on the Geology, Natural Tlistoiy, 
and Antiquities oi North and .South 
Wales, Devon, By Rev. W. S. 
Symonds. Illustrations. Crown $vo, 

X 2 S. 

Life of a Scotch Geologist and 

Botanist (Robert Dick). ByS. Smiles. 
Illustrations. Crown 8vo, n;<s. 

Scepticism in Geology, and the 

Reasons for it. An assemblage of Facts 
from Nature opposed to the 'Hieory of 
“Causes now in Action,” and reluting it. 
By Verifier. Post «vo, 6s. 

See etke Student's Manuals,/, sp 


FINE ARTS, ARCHITECTURE, & ANTIQUITIES. 


The National Memorial to the 

Prince Consort at Kensington. A 
Descriptive and Illustrated Account, con¬ 
sisting of Coloured Views and Engrav¬ 
ings of the Monument and its Decora¬ 
tions,^ its Groups, Statues, Mosaics, 
Architecture, and Metalwork. With 
descriptive text by Doyne C. Bell. 
Folio, ; 12s. 

Greece: Pictorial, Descriptive, 

and Historical. By Christopiier 
Wordsworth, D.D., Bishop of Lincoln. 
With an Introduction on the Character 
of Greek Art by George Scharf, F.S.A. 
A Revised Edition. Edited by H. F. 
To;i!Er, M.A. ^ With 400 Illustrations of 
Scenety, Architecture, and the Fine Arts 
of the Country. Royal 8vo, 31s. 6d. 

A Handbook to the Albert 

Memorial Fcap. Svo, xs. j or with Il¬ 
lustrations, as, 6d. 

Mediffival and Modern Pottery 

and Porcelain, ByJosEPH Marryat. 
Illustrations. Medium Svo, 49s. 

Old English Plate : Ecclesias- 

tical, Decorative, and Domestic; its 
Makers and Marks. With Illiistratioxis 
and Improved Tables of the Date Letters 
used in England, Scotland, and Ireland. 
By Wilfred T, Cripps. With 70 Illus¬ 
trations. Medium Svo, i6s. 

Old French Plate : Furnishing 

'Tables, of the,Paris Date Letters, and 
‘ facsimiles of other marks, By W, L 
Cripps. With ' Illustrations. 8voj 


Cyprus; its Ancient Cities, 

Tombs, and Temphi., A Namifive of 
Re.senrches and Excavations during 'i'en 
Years’ Residence in that Kland, By 
Louis P. di CRSNai,A. 400 lllustm- 
tjons. Medium Svo, sos- 


A Plistory of Greek Sculpture. 

By A. S. Mohrav, of Ihe Britibh Mus- 
eum. With X30 niusimtimis, a vols, 
Medium Svo. Vol I, Frtnn tiic Earliest 
times to the Age of Flicidias. sirs, 

Vol. IF. Under Pheidias and his Stic- 
cessors. 31s. 6tl, 


Ancient Myccniu; Discoveries 

and Res«arche,s on th?* Sites of Mycenm 
SflHdFMANN, 
With Prdnee by the Right W. E. 
Gladstunis. sow inustmtimm. Medium 
Svo, 5WH, 


Troja: Results of the l.atest 

Researches and Discoveries on the Site 
of Homer's Troy, ami in the Heroic 
lumuli and other Sites, made in tSHv; 
wuh a Journey to the Troad in i8Hj„ lly 
Dr. St’HLiHMANN. With Prefare and 
Hot««. With Map, Plans, and llhwim- 
tions. Medium 8vo, 49s. 

Ilios; a Complete History of 

the City and Country of the Trajans, 
mcmdmg all Recent Discoveries and 
Researches made on the Site of Troy and 
the Troad in J871.3 and 1878*0. With 
m Autobiography of the Author. By 
Dr. ScHUBMANN. With nearly 9000 
Illuatrauons. Imperial Svo, 5o». 
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Kgypt alien* lluf Wai\ lUnni; ! 

Nc*l #'4 {n,i»ir fliiinn!;.» ! 

aumini Uh \V»ih 1 tn ■« ! 

mJ' rui-l i H'4nm%, i*» ivj>i» h | 
mv Nt'frstl»r* liifMi ! 

gM.til*r't mv< 4 jr-v, \n ni n'iSt* AM, \ 
1st Mi’tsIUJUi, M.f*, Autlsni af ** Silr I 
Wstii < itltstnrdtihi .tiatitsn*). i 
.nul i,vft, jis. (al, 

'I'lie f‘'unt‘r:il 'IVnt of an 

KgVpt***^^ A ontt'!i»tittraiy witli 

Ki(«'!y aiMmrtml itrarH 
fat ,a i'hrlii'i. I‘iiuis*{ ill latMiiiik*, 
With 'Jiaiisl.itKai't iiinl !•’vphumtmy 
Notirft^. My Vii Ml *S f L'AK 1 vf I »r»i» 
iiiatia, M.M. Witli 30 IM.iif's, Koyul 
Hvo, tF-x 

Tho Cities and Cemeteries of 

Ktttma. tly (Icouj.h iHfKWiK arxi 
3 vi»K, inrilitmt Kvo, 

History of Painting in North 

lutly, i^th |o Hsth <l‘t!ntiii7. Vciiii:«, 
t>»rar«, iVlilaii, 
iniuli, My Chuwit miU Ca- 

vAi cAhiua.M. IlIwMmiiwis* n vtils. I 
Hvtl, i»l«. 

Ra|)hael: His Life and Works, 

with ParilmdiiP litefwuce to KecRtilly 
I and an Kjfhaustive 

Stmly of K3«t.nii ttrawiiigs mid incturcs* 
}Jy J. A. CiWHVii, and 0 . Ih Cavai-- 
cAsia.Mfi. Vul. I* 8vti, igs. 

Titian: his Life and Times. 

By Ckowk and CAVAi.cAhKi.t.is. lUws- 
trnttnniji, a vol«. 8vo, sue. 

Handbook to the Italian 

Sshnok of adnHnij} Based on the work i 
*qf Knglfisr. RteviHcdhy Lady 3 ‘lAsTi.AKa. j 
1401llusimtitms, avoU. cmwn Svn, 30*. 

Handbook to the German, 

Dutch, and Flemish Schnok of raintlnu. 
Based f>t| tha work uf KiiKkr* Hevked 
by J, A. Chuwk. 60 Ulustmtionii. » 

, vok. puMt 8vn, uM, 

Lives of the Italian Painters j 

and the Brngresn nf Painting in Italy. 
Cimahue m liamno. By Mr«# Jamisson. 
Illuatminnih Po»t Bvo^ ia». 

Lives of the Early Flemish 

Painter#, with NeticeR nf their Works. 
By Caowa and Cavalcaskllk. Ilhiii* 
trations, Pant 8vo, ys. tld* j or large 
|iayer, 8w, xs®. 

The Cicerone j or, Art Guide 

m in Italy. By Br» Burck- 

HAW, £m Bvo. 6«. 

■ISistioiy of Architecture m all 

'' from the Earlieat I’imes to 

^the Present Bay. By Jamrs Ferous- 
$0N. With Illufitrations. 4 vch 
liiledium 8vo. 

I. ^ II. Ancient and Mediaeval 63s* 

UL Indian and Eastern* 4as. 

IV» Modern, $x$, dd,' 
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L;uniM%{jA‘ An i tiuwii lo the 

liiitrjdii lainh* ^lOi! S.tU.iun. PvJtJbrAU 
toi {51 Cl, With ntiniu'oiui lilu'dotUous. 

r»t.\VU ! ViL 

Alherl i)urer; a ! listnry of hi?; 

I.iJr- ,(iii! WhiK *. lly 

Wuu.i, J'Miitii hi, K. ,\» IvvinN, ScH- 

irLity ,if ihr Pny.d^ Aciuh'inV* With 
Pmtrah iiud illusti.uitiu‘1, v vcLs. Mod, 

kiulo Stone Monuments in all 

CtKLN'HHi'Tii; their A;;t! jind IJscs. 
By Jamfs Fi Kfi$ 3 .v,nN. iUu'.tmtiojiiL 
Medium 8r<f, 

The 'rumples of the jews and 

Other Buildings in the Ihiram Aum at 
Jernwdem, By Jaml.s Fijkr.rssuN. 
liiustialums. 4to, 4i«, 

'I'he Parthenon. An Ks.say on 

the Mode in which Light was intmditml 
iiitu Greek and Roman 'rcinples. By 

jAAtliS FtiKGLfthSflN, 4f«, l 4 i.S, 

The Holy Sepulchre and the 

1 ’cm|dc at Jerusalem. By J as. Fickgus- 
ttON, Wmadcuts. 8vo, 7s. fitl. 

Lc.ives from My Sketch-Book, 

By B. W, OiuUHi, R.A. idates. 
With Desenntive'r<i34t. ovols, HmnU 
folio, 31s* hd. each, ist Si8kys«—p{iri«, 
Arles, Mimaco, Nuremheig, Switzer¬ 
land, Rome, Fgyt>h ele. ad Skjhrh»‘'* 
Venice, N aides* i^unpeii, Pochtum, the 
Kile, etc. 

Life of _ Michel _ Angelo, 

Sculptor, Painter, and Ardiitecl, Includ¬ 
ing wnedited Dacumeins in the Buoimr* 
rod Archives* by C. Heath Wilson. 
With Index nnd lilustmions. 8vo* igs. 

A Descriptive Catalogue of the 

Etched Work of Rembrandt t with Idfe 
and Introductions. By Chas. H. Mid- 
DLSToN. Plates. Medium8vo* 3ts, 6d. 

The Rise and Development of 

Medieval Architecture. By Sir G. 
tliLirnKT Hcott, 430 niiLstratiuim, a 
vols* Modi urn 8vo, 4as, 

Secular and Domestic Archi- 

tecture. By Sir G. Scott, R.A. 8vo, 

9 ». 

The Gothic Architecture of 

Italy. By G, E, Stukkt, K.A. IL 
hiRtratiotlR. Royal 8v«, a6». 

The Gothic Architecture of 

Spa'w. JSyO.R. Strbkt.R.A. IIIm- 

trationu. Rbyal Svo, 30R. 

Collections Towards the His- 

tory and Antiquities of the County of 
Hereford. In continusiUon of Duncumbk 
History. By W. H. Cooke, Q.U With 
Map and n Hlufitrations. 410, gas. 6d. 

Notes on the Churche.s of Kent. 

By Sir Stephen Gly.nnil Wiili a Pre¬ 
face by W. H, Oladstone. Illustra¬ 
tions. fivo, xas. 
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Afr, Mi0^ray^s List of IVorks 


Handbooks to English Cathe¬ 

drals. Seep. H- 

Purity in Musical Art. By 

A. F. J. Thiuaut. With Memoir by 
W. H. Gladstone. Post 8vo, 7s. 6d. 

Handbook for Young Painters. 

By C. R Leslie. Tllust. Post Svo, 7s. 6d. 

Life and Times of Sir Joshua 

■Reynolds, with notices of his Contempo¬ 
raries. By C. R. Leslie and Tom 
Tayloe. Portraits. 2 vols. 8vo, 42s. 

Lectures on Architecture. De¬ 
livered before the Ro3>'al Academy. P*y 
Edward M. Barry, R,A. Edited with 
Memoir by Canon Barrv. Portrait and 
Illustrations. Svo, iQs. 

London : its Plistory—Anti¬ 
quarian and Modern. Alphabetically 
an*anged. By Petek Cunningham. 
A new and revised edition by James 
Thorne and H. B. Wheatley. 3 vols. 
Svo. . ' {In the Press, 


PHILOSOPHY, LA) 

The Rise and Growth of the 

Law of Nations, as Established by 
General Usage and by Treaties, from the 
Earliest Time to the Treaty of Utrecht. 
By John Hosack. Svo, ass. 

The Eastern Question. By 

Viscount Stratford de Redcltffe, 
Being a Selection from his Recent 
Wntmg.s. With a Preface by Dean 
Stanley. Post Svo, 9s. 

Property and Progress; or, 

Facts against Fallacies. A repiint of 
three Articles from the Quartetiy Re¬ 
view, Containing a brief enquiry into 
contemporary Social Agitation in Eng¬ 
land. By W. PL Mallock. Post Svo, 6 s. 

Letters on the Politics of 

Swita:erland, pending the outbreak of 
the Civil War in 1847. 

iiROTE. 8 v«>, ds. 

Con.stitutional Progress. By 

Montague Burrows, Post 8vt>, ss. 

Constitution and Practice of 

Courts-Martial By Ciipt StMMONS, 
Svo, 15s, 

The Laws of Copyright. An 

Examination of the Principles which 
should Reflate Literary and Artistic 
Propertyin England and other Countries. 

, By Prof, T. E, Scrutton. 8vo, jos. 6d. 

Administration of Justice under 

Military and Martial Law, as appli¬ 
cable to the Regular and Auxiliary 
Forces. By C. M. Clodk. Svo, tss. 

A Handbook to the Political 

Questions of the day, with the Argu- 
- ^ente on Either Side. By Sydney C. 
Buxton. Svo, 6s. 


Mexico To-Day; A Country 

with a Great Future. With a Gtaiire at 
the Prehistoric Remains and Antupiities 
of the Monte/umns. By'!', U. Bkociclk- 
HUKST. With Coloured Plates and 
Woodcuts. Medium Svo, cis. 

School Architecture. Practical 

Information on the Planning, l-)csigning. 
Building, and Furni.shing of School- 
houses, etc. By E. R. Ron, son. Illus¬ 
trations. Medium Svo, 18s. 

Contributions to the Literature 

OF THE Fine Arts. By Sir C. Lock 
Eastlake, R.A. With a Memoir by 
Lady Eastlake, 2 vols. 8vo, 24s. 

The Choice of a Dwelling; a 

Practical Handbook of useful information 
on all points connected with a House. 
Plans. Post Svo, 7s. 6d. 

Life of Sir Charles Barry, R.A., 

Architect. By Canon Barry. Illus¬ 
trations. Medium Svo, 15s. 


AND POLITICS. 

The English Constitution; its 

Rise, Growth, and Present State. By 
David Rowland, Post Svo, xos, 6d. 

Laws of Nature the Foundation 

of Morals. I^yD. Rowland. Post Svo, ds. 

A Manual of Moral Philo- 

sophy. With (Juotiitionjs and Refer¬ 
ences. By William Flkmiwg. Post 
Svo, 7s. fid. 

Gleanings of Past Year.s, X84?- 

7^8. By the 14 t. Hon. W. E. Gi.adstonV. 
Small Svo, as. fid. each. See /, 

Speeches and Addresses on 

Political, literary, niul Stmiul Subjects, 
By the Raul of UnFMUUN, 8vo,‘ ivs. 

Philosophy of the Moral J'eel- 

iNGS. By John Adekcromhiil Fnip. 

Svn, vs. titl. 

'Jlie Intellectual Towersj and 

the Investigation of Truth, By John 
A ltERtiRDMUHL Reap, Hvo, fill 

HortensiliB; an iiislorical 

Essay f»n the f)tticjc and Ihitifs of an 
Advocate, By William Forhvth. Illtm* 
trations. Svo, 7K. ftd, 

I.ectures on General Juriajjru- 

dence; or, the Philosophy of Ponitive 
Law. By John Auhtin, Edited by 
Robert CAMPnELL. a vols. 8v«, 

Student’s Edition of Austin’s 

Lectures on Jurisprudence. Compiled 
.from the larger work. By Robert 
Campbell. ^ Post Svo, im 

An Analysis of Austin’s Juris¬ 
prudence for the Use of Students. By 
Gordon Campbell PoBt 8vo, 6s. 



21 


in P/n/oso/>fi]\ Law, and Politics. 


JCiiKland aiul Russia in llii: }<’,ast. 

A hrnr-, ni rm th«> Puliiiial ii\u\ 

al t umhiirtu (»!* CVnh.il Asi.t. 
By tSu' IB kiUvLiN'toN, {i\o, 

1 wtNn 

Asiatic Studies Religious imd 

Hoi i.il. iJy i.\ Bvaij., 

,K,CMe Sf‘f:on)! Btiiiiuu* Svu, it's. 

Ancient Raw t its Cunncciion 

wnJi i!h* K,uly UBlHiy of Sncictv, an<l 
its krlatiuii to tdras. By Sir 

H}'’%KV S, MaiKI, K\t», i/j;. 

VUliij^e Coinmunilius in the 

Ka%l aiifl Wt:sl, Ity Sir S. 

Maim-, 8^0* K's. 

The iCnrIy llislnry of Institu- 

tiun^, Bv'sii Hknrv Maink. IHuh ivs, 

Disserlalions on ICurly f,aw and 

Cti'itniij; Jkin^r a Srlcrtion fmm Ojxfordl 

la'clurus. By Sir II, Mainb, Bvo, lys. 

Local Taxation of (Jreat Britain 

anU liwl.uBl. By 1 C U. L Pauiuavic, 

Hvo, §s, 

Plato and other Companions 

Ilf Bv (iKiutijK (Jiifpm, j 

vulft. Hvo, 

Artistutle. By («p.OKr.K Grotk. 

Smmti With Aihlitiouti. 

Minor Works of George Grote. 

Witlj Critivai Ui'iiiJtrk.s im hin ItaullwcB 
«ut Chrit'iB tt'r^ WjitiuKS umJ SpwvJHPi, 
By Aj,px. Bain. Bitar.iit. $v», 14}.. 

The Bengal .Famine. How it 

will h <3 and htnv tn Btjture 

By Sir BAWTi.tU'’KitKiG Maps. 
Cn»wu SvtH 

Ile.sults of Indian Missions. 
India in 1880. liy Sir JR, 

Tumi'Ik, 8vrt, ifi't, 

Men anti lilvents of my Time 

ill ItiditL By Sir KtcitAttu Tkmpuc, 
Bim* 8vo, 

Oriental ICxperience: a .Selcc- 

ticin Ilf KwuyH tiiid AddresseH dteUvered 
mi VjtHom < By Sir Utc tiARn 

'rtcMiT.tL With WaadnitM mid Maps. 
8 vtt| rfw« 

Researche.s into the Early 

HKtory nf Mtmkitid, and the Develop- 
tnrnt of Clviltsaliott. By E. Bt Tvixir. 
Svai im 


Kastern Africa viewed as a 

h’iehl for Mission T.abtnir. liy Sir 
llAKri.in Fukef. th'uwn tivo, 5s, 

The Lex Salica; 1,'he Ten 

'Bext^, With the Clusscs mid the Lex 
Fmeiiddta. Synoplioftlly Fditcd liy J, 
ll, lli'SSEi.w, With Notes on the 
Fi.'inki.sli Words in the Z.ex Salica hy 
ri*i>res.sar Kern, 410, 4as. 

Primitive Culture : Researches 

into the Development of Mythology, 
I’hilosuphy, Religion, Art, and Custom. 
By E, B. Tvl< lU. a vols. 8vo, 1*4^. 

Ricardo’s Political Works. 

With ajiiographical Sketch. By J. K. 
hUUlH.UKH. 8vo, ifo. 

The Morai^ Philosophy of Aris- 

totle, Onwisting' of a Translation of the 
Nicomachean Ethics, and of the Para- 

S hrase attributed to Andronictis of 
Lhodes; with Introductory Analysis of 
each Book. By the late Waltpr W. 
Hatch, M.A. 8vo, s8s. 

History of British Commerce, 

and of the Economic Progress of tlie 
Nation, 1763-1B78. By Lhone Levi. 
8vo, xas, 

Notc.s of Thought: by the Late 

Charlfh Buxton, M.?. With a Bio¬ 
graphical Sketch liy the Rev. J. Llkw- 
r.u.YN Daviks, Second Edition. Post 
8yo, ss, 

Ideas of the Day on Policy. 

By Charmss BtiXTON. 8vo, 6s. 

Judgments of the Privy Council, 

with an Historical Account of the Appel¬ 
late Jurisdiction in the Church of Eng¬ 
land. By G. C. Brodkick and W. H. 
Fk»mantwc. 8vo, ios. 6 d. 

A Little Idght on the Cretan 

Question. By A. E’, Vuufi. Po.st 8vo, 
9 s. Od. 

History of the English Poor 

Laws. By vSirG. NumoLLs. a vols, 8 vo. 

Method in Almsgiving. A 

Handbook for Helpers. By M. W* 
MoGGRioGic, Hon. Secretary of the St. 
Jameses and Soho Charity Organisation 
Bociety. Post 8vo, 3s. fid. 

Consolation in I'ravel; or, the 

Last Days of a Philofiopher, By Sir 
Humpiirv Davy. Woodcuts, Fcap. 

■ ivo, 38. fid. 


GENERAL LITERATURE AND PHILOLOGY. 


A Practical and Conversational 

Pocket Dictionary of the English, French, 
and German Languages. Designed for 
the Iht of IVavellers and Students 
Oenerally. By Ommu F. CHAMJim»s. 
Small 8vo. fi»# 


Recreations and Studies of a 

Country Clergyman of the Last Century, 

being Selections from the Corre^oud- 
ence of Thomas Twining, M.A., Some¬ 
time Fellow of Sidney Sussex^ College,, 
Crown 8vo, 9s. 
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Mr. Murray s List of Works 


' The Quarterly Review. Svo, 6s. 
The Origins of Language and 

Religion, considered in Five Essays, By 
Canon F, C. Cook, 8vo, 15s. 

The Talmud and other IJleraty 

Remains of Emanuel Deutsch. With 
a jMernoir. 8vo, las, , 

Letters, Lectures, and Reviews, 

including Phrontisterion, or Oxford in the 
19th Cent. By Dean Mansel. Svo, 12s, 

The Novels and Novelists of 

the iSth Century; in Illustration of the 
Manners and Morals of the Age. By 
Wm. Forsvth. Post Svo, los. 6d. 

Principles of Greek Etymology. 

By Professor CuRTius. Translated 
hy A. S. Wilkins, M.A., and E. B. 
England, M.A. 2 vols. Svo. 

The Greek Verb. Its Struc- 

ture and Development. By Professor 
Curt I us. Translated by A. S, Wilkins 
and E. B. England. Svo, 12s. 

Miscellanies. By Earl Stan- 

HOPE. 2 VOls. post 8VO, 13s. ’ 

Historical Essays. By Earl 

Stanhope, Post Svo, 3s. 6d. 

French Retreat from Moscow, 

and other Essays. By the late Earl 
Stanhope. Post Svo, 7.S. 6d. 

The Papers of a Critic. Se- 

lected from the Writings of the late 
C. W. Dilke. 2 vols. Svo, 24s. 

Gleanings of Past Years. I. 

The Throne, Prince Consort, Cabinet, 
and Constitution. II. Personal and 
Literary, III. Historical and Specula¬ 
tive. IV. Foreign. V. and VI. Ec- 
clesi.istical. VI 1 . Hiscellaneoas. By 
the Right Hon, W. E. Gladstone, 
M.P. Small Svo. ss. 6d. each. 

Lavengro: the Scholar— the 

Gipsy—and the Priest. By George 
Borrow, Post 8 vn, s.s. 

The Romany Rye: a Sequel 

to * Lavengro.* By George Borrow. 
Post Svo, ss* 

A Glossary of Peculiar Anglo- 

Indian Colloquial Words, and Phranes. 
Etymological, Hi.storical, and Geo- 
eraphical. By Col, Y ui. r, C. B,, and the 
late Arthur Burnell, Ph.B. Svo. 

Old Deccan Days; Hindoo 

Fairy Legends current in Southern 
India. Collected bv Mary Frbrr. With 
Introduction by Sir Bautlk Frerb* 
Illustrations. Post Svo, 7s. 6d, 

, JEsop’s Fables. A new Ver- 

Sion, With Historical Preface, By Rev. 
Thomas James. Woodcuts, by Ten- 
Kiel, Post SVo, 2s. 6 d. 

TIvonian Tales. ‘By a Lady. 


Wild Wales : its People, Lan- 

guage, and Scenery. By Bor¬ 

row, Post 8vo, ss. 

Romano Lavo-Lil; WonUlook 

of the Romany, or English Gypsy Lan¬ 
guage; with .Til Account of ceUain 
Gypsyries. By Gkokge Bgrkovv, Post 
Svo, xos. 6d. 

The Handwriting of Junius. 

Professiotially investigated by C. Cii a iu it. 
Edited by the Hon. Edward 'J’wislkton, 
With Facsimiles. 410, 63s. 

The Literary History of Europe* 

By Henry Hallam. Libniry odiLion, 
3 vols. Svo, 36s, ; or Cabinet edition, 4 
vols. post Svo, ids. 

Stokers and Pokers, or the 

London and North-Western Railway. 
By Sir F. Head, Pu.st Svo, as. 

Specimens of the Table-Talk 

of Samuel Tavlor Coleridge. Por¬ 
trait h'cap. Svo, 3s. 6d. 

The Remain.s in Prose and 

Verse of Arthur Hallam. With Memoir* 
Portrait. Fcap. 8vo, 3s. (id. 

Self-Help. With Illustrations 

of Conduct and Persevemnee. By 
L)r. Smiles. Small Svo, 6s. 

Character. A Book of Noble 

Characteristics, By Dr. Smiles. Small 
Svo, 6s. 

Thrift A Book of Domestic 

Counsel. By Dr, Swum Post Svo, m, 

Duty, with Illustrations of 

Courage, Patience, aiul Endurance. By 
Dr. S. Smiles. Post Svo, 

Mottoes for Monuments. By 

Mrs. Palliskr. Ilhist Cr, Svo, 71s. 6d, 

Words of Human Wisdom. 

Collected by E. S. With rreface by 
Canon IiIDDoh, Fcap. Svo, 3H, 6d. 

The Amber-Witch ; a I'rial for 

Witchcraft. IVanslated by Lady Duee 
Gordon. I'ost Svo, »s. 

Letters from the Baltic. By a 

Lady. Post 8vo, as, 

Literary Essays from the 

‘Times.* By SAMUitL PritLLiTO, Por¬ 
trait. 3 vols. fcap. Svo, 7«. 

Rejected Addresses. By James 

and Horace Smith. Woodcuts. Po^t 
Svo, 3s, 6d» y or fcap. Svo, m* 

Lispings from Low I..atitudes; 

or, the Journal of the Hon, Impnisia 
Gushington. Edited by Lord Dueeerin, 
Plates, 4to, ars, 

An English Grammar. Metho- 

dical, Analytical, and Historical. With 
a Treatise on Orthography, Prosody, 
Inflections, and Syntax. By Professor 
Maet^nbr. 3 vols, Svo, 36s, 
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til. JWiiy, The Dmnia, etc. 


POETRY, THE 

llie Pnm? and Potiical VVork.s 

%ii iiftui JUlnn, Wjtli Xuirs ]ty 
JSt’ni’r, Jn i in V, Wii. (*in 
<!KAiMsi, tuf J. inkr, ami 

N'tliresni liis !»> 'HimmA s Mnoin.. 

’/ vu!», i'ijyal Bvi>, 

Poelif'al Works of ]..ord Jlyron. 

I.ihnuy lahtiMt), noriraii. Vi»U. Hv‘o, 

Poclica] Works of Lord JS ron. 

Kiliiitm, J'latcs. lu viiK. leap. 

JUS, 

Poctioal Works of Lord ]?yron. 

ruc1««ii 1'liliiiua. 8vok bound and in a 
ease, illmo, si is, 

Poetical Works of Lord Byron. 

Puptdair tilditiun, l^lidcs. Royal Bvo, 
ys. (id. 

rootical Work.s of Lord Byron. 

Fesul Kdititm, Svt>, ys. ftd. 

Ch il<le H aroUl By Lord Byron. 

Bo F.ngnivJiigii. Cmun 8vo, s«s. 

Childe Harold. By Lord Byron. 

ss, 6d.| LH., and ( 4 > mch. 

Tales and Pocra.s. By Lord 

Byron. a-i|niai sis, (jd. 

Miscellanies. By Lord Byron. 

» vols. 341110, 5S. 

Dramas. By Lord Byron. 

a vol»* »4mo, 5s, 

Don Juan and Beppo. By 

Lord Bymn. 3 voli. «4mu, 5s. 

Beauties of Byron. I^ose and 

Vwe. Ponrait, Foap. 8vo, 38. 6d. 

Oliver Goldsmith’s Work.s, edit- 

cd by PETJtR Cunningham. Vignettes. 
4 vof». $vci, 308. ‘ 

Agamemnon. Translated from 

^schylus, By the Earl of Caknakvon. 
Small 8vo, 6s. 

Argo; or, the Quest of the 

Gotdm Fleece,' a Metrical Tale in ten 
books. By the, late Earl of Ckawtoru 
and Balcabkes. Svo, ios, 6d 

The Vaux-de-Vire of. Maistre 

Jean le Houx, Advocate of Vire, Trans- 
Isited by J, F* Muiehkad. Illustrations, 
8vo, 21s. 


DRAMA, ETC. 

Life and Poclica! Works of 

(iroti’f* i’lal I'l.Ucs, ruyul Svu, ys. 

Life and of Alexander 

Pu}i«‘, JvilN'd by Kt*v. \V. Kiwik 
sntil W. J. CuMiiTiiui'iL 1 ‘f»i'trruts. VoI'l 
i, 'S 3 > *b b, h ^’d. c.irh, 

tiiad of Iloincr, LraiLslated 

into English blnnk vcr-c. By ihc Karl 
of Dkrbv, Purlniit. 2 vols, pust Uvu» 10s. 

"File Odyssey of Homer. 

Rcmiereti inln Kngli«h Verse. By 
Clcjierul St'iiGMlJKRG, C.B. a vuK. 
8vo, tan. each. 

Poetical Work.s of Bi.s]iop 

Heber, Portrait. Fcap. 8vt), .t». fid. 

Hymns adapted to the Church 

Service. By Bishop IIkhkI 4, abmo, is. Cd. 

' The .Sonnet; its Origin, Struc- 

ture, ami Place in Poetry. With aVann- 
huimiM from Dante and .Petrarch. By 
CHAIU. 15 S ToMLm.SON. PoM f-Jvu, QP. 

The Fall of Jerusalem. By 

Dean Mh^man. Faiii. Svo, ts. 

Horace. By Doan Milman. 

lUiistmted with too Wootkut«. Post 
tJvu, jrs. 6il, 

Ancient Spanish Ballads. 

IHstorical and Romantic, a'ranslatcrl 
t»y J. G. Lockihakt, Woodcuts, Crown 
8vo, ss. 

Remains in Prose and Verse of 

Arthur Hallam, With Memoir. Por¬ 
trait, Fcap. 8vo, 3s. 6d. 

Rejected Addresses. ByjAMKs 

ami Hdrach Smith, With Biographical 
Kotiecs, Portraits. Post,8vp* 3s, 6d.; or 
fenp, Svo, is. 

An Essay on English Poetry. 

With .short lives of tiie British Poets, By 
Thomas CAMPBittL, Post 8vo, 3s, fid. 

Poems and Fragments of Ca- 

thllus. Translated iii the Metres of the • 
Original. By Rum NsoN Klli ij, i6nu>, 5s. 

Poetical Works of Lord 

Houghton. Hew Edition, a vola, fcap. 

SVO, 12S. 

Gongora’s Poetical Works. 

With an Historical Essay on the' Age of 
Philip in. and IV. of Spain. By Arch- 
, deacon Churton. Portrait, 2vols,small 
8vo, 3 tas. 

Poetical Remains of the late 

Archdeacon Churtou. Post 8vo, 28, 6d. 
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Mr. Murray's List of Works 


NAVAL AND MILITARY WORKS. 


Army List. (Published by 

Autholity.) With an Alphabetical Index. 
Monthly. i6mo, 2S. 

The Official Army List. With 

an Index. 8vo, 15s. Publfshed Quarterly. 

Navy List (Published by 

Authority.) Quarterljr, i6mo, 3s. 
Monthly, is. 6d. 

Nautical Almanack. (Pub¬ 

lished by Autholity ) Svo, as. 6d. 

Hart’s Army List Svo. Quar¬ 

terly, los, 6d.; and Annual, ais. 

Admiralty Publications, issued 

by direction of the Lords Commissioners 
of the Admiralty. 

Admiralty Manual of Scientific 

Bnjquiry, for the use of Travellers. 
Edited by Sir J. Herschel and Rohisut 
Main. Woodcuts. Post Svo, 3s. 6d. 

A Dictionary of Naval and 

Military Technical Terms. English* 
French, French-EngUsh. By Colonel 
Burn. Crown Svo, iss. 

Our Ironclad Ships: their 

(Qualities, Performances, and Cost, includ¬ 
ing Chapters on Turret Ships, Ironclad 
Rams, etc. By E. J. Rued, C.B. Illus¬ 
trations. Svo, 12s. 

Manual of Naval Architecture 

fur Officers of the Royal Navy, Meixan- 
tile Marine, Yachtsmen, Shipowneis, .and 
Shipbuilders,^ By w. H. White. 
Second Edition, revised. With 130 
Woodcuts, Svo, 24s, 

A Practical Treatise on Ship- 

building in Iron and Steel. By Sir E. 
J. Rkkd, Second and Revised Edition, 
With Plans and Woodcuts. Svo. 

Hydrographical Surveying. A 

Description of the Means and Mcthod.s 
Employed in Constructing Marine 
Charts. By Capt, W. J. L. Wiiartdn, 
R,N. With Illustrations. Svo, igs. 

Modem Warfare as Influenced 

by Modern Artillery. By Col. P. L. 
Macdougall. Plans. Post Svo, ras. 

Naval Gunnery; for the Use 

of Oificers and the Training of Seaman 
Gunners, By Sir Howard Douglas. 
Svo, 21 s. 

The Royal Engineer and the 

Royal Establishments at Woolwich and 
Chatham,, By Sir Francis B. Head. 
JUttsttittions. Svo, I2S. 


The Principles and Practice of 

Modern Artillery, inoludlnu Aillllery 
Material, Gunnery, andOrgamsanun and 
Use of Artillery in W'aifare. By Lieut.** 
Col. C. H. Owen, lllustracious. Svo, 
iSs. 

The Administration of Justice 

under Military and Maiti.il Law, .as 
applicable to the Array, Navy, Marine, 
and Auxiliaiy Forces. By C. M. Cloppl 
S vo, I2S. 

History of the Administration 

and Government of the Bi jtish Army from 
the Revolution of x68S. liy C. M. Clode. 
2 vols. Svo, 21S. each. 

Constitution and Practice of 

Courts-Martial, with a Summary of the 
Law of Evidence, and some Notice of the 
Criminal Law of England with reference 
to the 'IVial of Civil Offences, By Capt. 
T. F. Simmons, R.A. Svo, iss. 

History of the Royal Artil¬ 
lery. Compiled from the Original Re¬ 
cords. By Col. Francis Duncan, R.A, 
2 vols. Svo, 18s, 

The English in Spain. The 

True Story of the War nf the Succe.ssinn 
in 1834*1840, By Colonel Francis 
Duncan, K,A. iUustiatious. Svo, i6.s. 

Wellington’s Supplementary 

Despatche.s and CoiTespomlence, Edited 
by his Son, j 5 vols. Svo, aos. eiich. An 
index. Svo, aos. 

Wellington’s Civil and Political 

Corresjumdence, iSip-iSjir, 8 vob. Bvo. 
20s. e.ich. 

The Light Cavalry Brigade in 

the Crimea: Extracts from T^etters ami 
Journals during the thiinean War. By 
General Loid Giu»ri;i4 Pagkt. With 
Map. Crown Svo, ua. hd. 

Lives of the Warriors of the 

Seventeenth Century. By Gem Bir 
Kuwahd Cu.st, 4 vols, post Svu, 
The Civil Wars chi' France and Eng¬ 
land. tftn-7S, 2 vols, 16s. CtiM** 
manders uf Fleets and Aumiics, 164S- 
X704. 2 vols. 

Annals of the Wars of the 

i8th and xgth Centuries, *700-1815, Com¬ 
piled from the most Authentic Histories 
of the Period. By Gen. Sir E, Cu^t. 
Maps, 9 vols. fcap. Svo, 3.1. each. 

Deeds hf Naval Daring; or, 

Anecdotes of the Brit,i.sh Navy, By 
Edward Giffaro. Fcap. Svo, 3*. Sd. 
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RURAL AND DOMESTIC ECONOMY, ETC. 

The English Flower Garden. I Modern ]')oine.stic Cookery, 

*1.. “‘.....I . . tH... f.*..... . __ » 


in tinit Jk trtiiiiMit Ywuii 

triitetl pu'tiuniiry ui' ;ill tlie PkntHtised, 
and f'nr tlu'ir C’ulttiro ju»l 

Atr.tH|j;r'n»nit. By vtirimis Writers. By 
WlLt.JAM HnUINSONt K.Ii.Sm With tui- 
nienms UluNtmiiiUis. Meflimu8vt>, «ss. 

Hardy Flowers. 1 )escriplion.s 

nf HpwmHls of t;]no of the most Onm- 
jueiital Speoics; with J)treotions for their 
Arr.Titf;<Mitc«t, Culture, etr. By Wm. 
koiUNSUN. 8u», .|S. od. 

God’s Acre Beautiful; or, the 

Ceiiietcnes of the Fnttirc. By Wri. 
RutHNhON, 8 lllustrulious, 8vo, 7h. 6d, 

The Illustrated Wild Garden; 

or, Otir Oroves and Gardens made 
Benutifttl by the Naturalisation of Hardy 
Exotic Plants. By W. Kooimson. With 
00 Woodcuts. 8vo, los, 6d, 

The Parks and Gardens of 

Paris, considerisd in relation to the 
wants of other Cities and of Public and 
Ihivale Gardens, beiuj/ Notes on uStudy 
«f Paris Gardens. By W. Kouinson, 
With 35© lUuatratioiis, 8vo, i8h. 

Alpine P'lowers for English 

Gaiidsns. How they may be grown in 
ad parts of the British Isltuids. By W. 
Rowinson. lUustrationa. Crown 8vo, 
7 ». ^d. 

A Popular Account of the In- 

troduction of Peruvian Bark from South 
America into British India and Ceylon, 
and of the Progress of its Cultivation. 
By Clkmknts K. Maukham. With 
Maps and Woodcuts. Post 8vo, r4S, 

Plain Instructionsiu Gardening; 

with a Calendar of Operations and tii- 
rections for every Month. By Mrs. 
Loupon. Woodcuts. Fcap. Svo, 3«. 6d. 

•field 

Dog-breaking the most Ex- 

' peditious, Certain, and Easy Method. 
By General Hutchinson. Woodcuts. 
8vo, 9R. 6d, 

A Summary of the Rules, for Game¬ 
keepers, &C. X8. 

My Boyhood: a Story of 

Country Life and Sport for Boys. By 
H. C, Barkley. Civil Engineer. With 
Illustrations. Post Svo, 6 h. 

Wild Sports and Natural His- 

tory of the Highlands. By Charles 
St. John.’ New and Beautifully Illus¬ 
trated Edition. Crown Svo. rss.; or 
cheap ed., post Svo, 3s. dd. 

The Chase-The Turf—and 

the Road. By Nimrod. Illustrations, 
Crown Svo, ss*; or coloured plates, 7s. 6d. 

Sport in the Soudan, By F. 

L. JAMKS. S^e A p. 


t,'ffunuru I'niicijncH f)]r tMjqnomy anu 
Pr.uTire, tuul luliipted for private families. 
By a Lady. Svo, s'»* 

A Geographical Handbook of 

PMiiNS. By K. M. J.VELL. Post 8v«, 
7S. bd. 

Sub-l'ropical Garden ; or, 

Beauty of Form in the Flower Garden, 
with lllustratitms of all the litier Plants 
used for this pm pose. By W. Robinson. 
Illustrations. Small Svo, 5s. 

Thrift: a Book of Domestic 

Counsel. By Samuel Smilks. Small 
8 vo, 6s. 

Duty: With Illustrations of 

Courage, Patience, and Endurance, By 
.Samuml Smiles. Small Svo, 6s. 

Royal Agricultural Journal 

(published half-yearly). Svo. 

Bees and Flowers. By Rev. 

Thomas jAwrts, If’cap. Svo, is. each. 

Music and Dress. By a Lady. 

Fcap. Svo, IS, 

Choice of a Dwelling; a 

Practical Handbook of Useful Informa¬ 
tion on all Points connected with Hiring, 
Buying, or Building a House. Plums. 
Post Svo, 7s, 6d. 

The Art of Dining; or, Ga.s- 

tronomy and Gastronomers. By A. 
Hayward, Q.C. Post Svo, as. 

Household Surgery; or Hints 

for Emergencie.s. By John F. South. 
Woodcuts. Fcap. Svo, 3s, 6d. 

Methods in Almsgiving. A 

Handbook for Helpers. By M. W. 
Moggridck, of the Charity Organisation 
Society. Post Svo, 3s. dd, 

SPORTS. 

Salmonia; or Days of Fly-Fish- 

ing. By Sir Humphry Haw, Wood- 
cuts. Fcap. Svo, 38. 6d. 

Five Years’ Adventures in the 

far Interior of South Africa with the 
Wild Beasts and Wild Tribes of the 
Forests. By R, Gordon Cumming* 
Woodcuts, Post 8vo, 6s. 

Sport and War. Recollections 

of Fighting and Hunting in South Africa, 
from. 1834-67, with an Account of the 
Duke of Edmburglds Visit, By General 
Sir John Bisset, C.B. Illustmtions. 
Crown Svo, 143. 

Western Barbaiy, its Wild 

Tribes and Savage Animals. By Sir 
John Drummond Hay. Post Svo, as. 

Sport in Abyssinia. By Earl 

of Mayo, Illustrations. Crown Svo, las. 
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Afr. Ad^urray's List of Works 


EDUCATIONAL WORKS. 


DR. WM. SMITH’S 
DICTIONARIES. 

A Dictionary of the Bible •, Its 

Antiquities, Kiography, Geography, and 
Natural History. Illustrations. 3 vols. 
8vo, 103s. 

A Concise Bible Dictionary. 

For the use of Students and Families. 
Condensed from the above. With Maps 
and 300 Illustrations. 8vo, 21s, 

A Smaller Bible Dictionary. 

For Schools and Young Persons. 
Abridged from the above. With Maps 
and Woodcuts. Crown 8vo, 7s. 6d. 

A Dictionary of Christian An- 

tiquities. The History, Institutions, and 
Antiquities of the Christian Church. 
With Illustrations. 2 vols. medium Svo, 
X^3:it3:6. 

A Dictionary of Christian Bio¬ 
graphy, Literature, Sects, and Doctrines. 
From the Time of the Apostles to the 
Age of Charlemagne. Vols. T. II. and 
III. Medium Svo, 31s, 6d. each. 

A Dictionary of Greek and 

Roman Antiquities. Comprising the 
Lawd, Institutions, Domestic Usages, 
Painting, Sculpture, Music, the Drama, 
etc. With 500 Illustrations. Medium 
Svo, 28s. 

A Dictionary of Greek and 

Roman Biography and Mythology, con¬ 
taining a History of the Ancitmt World, 
Civil, Literary, and Ecclestaslical, from 
the earliest times to the capture of Con¬ 
stantinople by the 'Furks. With sf)4 
lllnstrations. 3 vols, medium 8vo> 84s. 

A Dictionary of Greek and 

Roman Geography, showing the Re¬ 
searches of modern Schol.Trs and '‘fravul- 
lers, indudiug an account of the Political 
History of both Countries and Cities, as 
well as of their Geography, With 530 
Illustrations, s vols. medium Syo, 

A Classical Dictionary of 

Mythology, Biography, and Geography. 
With 750 Woodcuts, ^avo, 

A Smaller Classical Dictionary. 

Abridged from the above. With aoo 
Woodcuts. Crown Svo, 7s. 6d. 

A Smaller Dictionary of Greek 

and Roman Antiquities. Abridged from 
the larger work. With aoo Woodcuts. 
Crown 8vo, 7S. 6d. 


A Latin - English Dictionary. 

Rased on the works of Forcellini and 
Freund. With Tables of the Roman 
Calendar, Measiues, Weights, and 
Monies. Medium Svo, 21s. 

A Smaller Latin-English Dic- 

tionai3A With Dictinnary of Proper 
Names, and Tables of Roman Calendar, 
etc. A New and thmoiiglily Revised 
Edition. Square lamo, 7s 6d. 

An English-Latin Dictionary, 

Copious and Critical. Medium 8vo, 21s. 

A Smaller English-Latin Dic¬ 
tionary, Abridged from the above. 
Square lamo, 7s. 6d. 

DR. WM. SMITH’S 
SMALLER HISTORIES. 
A Smaller Scripture History of 

the Old and New 'restaments, With 
Coloured Map and 40 Wootlcuts. j6mo, 
3s, Cd. 

A Smaller Ancient Hi.story of 

the Eas*t, from the Karlicst Time.s to the 
Conquest of Alexander the Great. 
With 70 Woodcuts, 3c6nio, 3s. fid. 

A Smaller History of Greece, 

from the Earliest Times to the Roman 
Conquest. With Coloured Map.s and 
74 Woodcuts, ifimo, 3s. fid, 

A Smaller Histoiy of Rome, 

from the Earliest Times to the Itlstablish- 
meut of the Empire. With (,'nlourcd 
Map und Woodcuts, tfiruo, 3s. fid, 

A Smaller Classical Mythology. 

With Translations from the Anrirut 
Poets, and QueMions on the Work, Whih 
po Woodcuth. ifimo, fid. 

A Smaller Manual of Ancient 

Geography. '3fiWuodcuts. tfimo, 3H, fid, 

A Smaller Manual of Modern 

Geography. Physical uiul Politicui. 
jfirnoj as. r«l 

A Smaller History of England, 

from the Earliest Times to the year 
1880. With Ctdouvcd Maps and 68 
Woodcuts, xfimo, 3s. fid. 

A Smaller History of English 

Literature ; giving a Sketch of the Lives 
of our chief Writers, ifimo, 3s. fid. 

Short Specimens of English 

Literature. Selected from the chief 
Authors, and arranged chronologically, 
Ifimo, 3s, fid, 
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in Gcncnil Edticatimi. 


MURRAY’S 

STUDENTS MANUALS. 

A Smes Chm Books 

fir odmPtfGi SiJiohtrs. Foimw^^ u 
ttfmfii'if e/iain of flisiorv fiom the 
eavilest io moth rn 

StiKlcnt’.s (JlU Tt*.stament Ilis- 

tury, fruin th*; Crctitiou tn the Kclurn 
of "the Jews from Captivity, With im 
hitrn<lut’tia» by S&uth. Maps 

ami Wooileuts, PnstiJvo, ys. (al. 

Stiulcnl’s New 're.stament Ilis- 

tttry, With un Iiitruritirtintt cduttcutinp; 
the ilistory of the <)l«l and New Testa¬ 
ments, r»y IhiJf.n* Smum. Waps and 
Woodcnls. Post Hvn, 7S. Od, 

Stiulent’sEcclesiastical History 

Pakt C - Prom the Times of the Apostles 
to the full Kstablishment of the Holy 
Kntnau Kininrc and the Tapal Power. 
Paut WitJdic Ages and the 

Keformatiuiu By Pntijr, Smith. Wood¬ 
cuts. ii vols, Po.st Hvo, 7% 6d. each. 

Student’s English Church HLs- 

tory. Fuis'r PEKirj!i**-From the Planting 
of I lie Chnrdi in Britain to the Accessiou 
ofHenryVllt, Hecond pjsiijOD*—From 
the Time of Henry VI11. to the Silencing 
of Convocation in tlie i8tb Century. By 
<’umm PKKhV, »v, Post 8vo, 7«.6d. each. 

Student’s Ancient Hi.story of 

the East. Egypt, Assyiia, iSaliylonia, 
Mctlia, Persiui Pmcnicia, kc, By pHtcu* 
Smith. Post Svo, ys. <!id. 

Student’s History of Greece, 

from the Earljest 'J'iines to the Roman 
Conquest { with the 1 listnry of J.iterature 
and Art. With colouiTd Maps and Wood- 
cuts. Post 8vo^ 78. 6d. 

Student’s History of Rome, 

down to the Establisliment of the Empire j 
■with the History of Literature and Art. 
By Dean LitmiSLH. With coloured Map 
and Woodcuts. Post 8vo, 78. *6d. 

Student’s History of the Decline 

and Fait of the Roman Empire. By 
Ed.Gibiidn, Woodcuts, Po8t8vo,7S,Cd. 

Student’s History of Modem 

Europe. From the End of the Middle 
Agea to the Treaty of Berlin, 1878. Post 
8vo, i/ft IW/iamiioft. 

Student’s Hume: a History of 

Kwor.ANt} from the Roman Invasion to 
the Revolution in aC88. New Edition. 

■ Continued to the Treaty of Berlin, 1878. 
By J. S. Bkewkk, With 7 Coloured 
Maps and Woodcuts, Po.st 8vo, 7s. 6d. 
Or in 3 Parts. Price as. 6d. each. 

Student’s Histoiy of France, 

from the Earliest Times to the Fall of 
the Second Empire, By Rev, W. H. 
JWRVis. Coloured Maps and Woodcuts. 
Post 8vo, 7s. 6d. 


Student’s History of England 

fium the of Henry VIL to 

the Death of tleurge H. By lli-NUY 
Hai.i.am. Post Svo, 7k, tub 

Student’s History of Europe 

during tlie Mium.E Anns. By Hjsnky 
Ham.AM. Ptist 8vo, 7s. 61!. 

Student's Ancient C^eography. 

By Ciuimi Bevan, Woodcuts Po.st 
8vo, 7s. 6d. 

Student’s Moilern Geography. 

Mathematical, PhysiiMl,fnvl iJcsciiptive. 
By Canon Bicvan. Woodcuts. Post 8vo, 
7s. 6d. 

Student’s Geography of British 

India,’ Political iintl Bliysirah By Geo. 
Smith, LL.D. Map*!. Post 8vo, 7s. 6d. 

Student’s Manual of the English 

Lirnguage. By Georgb P. Maksh. 
Post 8vo, 7®. 6d. 

Student’s Manual of English 

Literature. By T, B. Shaw. Post 8vo, 
78. 6d. 

Student’s Specimens of English 

laTiCKATuUK. By T. B. Shaw. Post 
8vo» 7s. < 5 d. 

Student’s Manual of Moral 

f^hilosophy. By W, Fr.iatiNc. Post 8vo, 
7s. 6d. 

Student’s Manual of the Kvi- 

chmeus of Christianity, By IL Wace, 
1 )J). Post 8vo. 

Student’s History of the Ro- 

man Empire, from the F..stablishmenit 
of the Empire to the Accession of Com- 
m«dus, A.D, j8a Post 8vo. 

This Work vrill form a connecting link 
Between the Student’s Rome and Students 
Gibbon. 

MARKHAM’S HISTORIES. 

(With Cmtvcnations at the end of 
each, Chajihr.) 

A History of England, from 

the First fnva'don hy the Romans to 
*880. With too Woodcuts, t?mo, 3H. 6d. 

A History of France, from the 

Conquest of Gaul by Julius Cmsar to 
TS78. Woodcuts. lamo, 315. 6tb 

A History of Germany, from 

the Invasion by Marius to 3880, With 
50 Woodcuts, iwrao, 3s. 6d. 

Little Arthur’s History of Eng- 

land. By Lady Callcott. Continned 
down to the year 1878* With 36 Wood- 
cuts. x6mo, IS. £»d. 

Little Arthur’s History of 

France, from the Earliest Times to the 
Fall of the Second bjnipire. On the 
Plan of * Little Arthur's England.^ With 
Woodcuts. Foolscap 8vo, 
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Mr. Murrays List of 

DR, WM, SMITH’S EDUCATIONAL WORKS. 

ENGLISH CnURHE. I Priiicipiii Pnrf 1 \'. 


A Primary Hintory of Hritain 

for Iiilemcntary Scluuils. i-'imn -‘v 

A School Manual of J^nglish 

Granimni*, with lllnslratitnis luul 1‘r.tG-* 
tical Ejswhscs. llyT, fi. Hai.l. 

8vo, 3s. tad. 

A Primary ICnglish Grammar 

for Klemcalaiy SeIiohK, ^ With Niiiiu-r* 
ous lSx«iciscs and Caivrnlly <»»'iu!n,ucd 
Parsing Lessons. Jiy 'i'. l>. Ham., 
nGnio, IS. 

A Manual of English Composi- 

tion. With Oijnous IlltwtMtwnK imd 
Pi-aotkal Exercises. By 'i\ Hall. 
xamo, 3s, Cd. 

A School Manual of Modem 

Geography, Physical and Porninil. By 
John Richakwhon. Post Sv«, 5s. 

A Smaller Manual of Modem 

Geography, for Schools and Voting Fer- 
soiiH. i6mo, ax. 6d« 

LATIN COURSE. 

The Young Beginner's First 

Latin Book j Containing the Rndiinentx 
of Grammar, Easy Grammatical Ques¬ 
tions and Exercises, with Vocahuluries. 
Being Introductory to IVincipiit Latina, 
Part I. lamo, ss. 

The Young Beginner’s Second 

Latin Book} Containing an Kasy Latin 
Reading Book, with an AnaiysiH of the 
Sentences, Notes, and u ihctiimnry. 
Being Introductory to Priuuipiit Latinu, 
Part IL xamo, ss, , 

Principia Latina, Part I. A 

First Latin Counse, cmnprehemling Gram* 
mar, Delectus, and Ksercise Book, with 
Vocabularies, With Accidence mltttrtetl to 
the Ordinary Grammars, as well m the 
Public School Latin Primer, lamo, 3s. Od, 

Appendix to Principia Latina, 

Part 1 , ; Additional Exercises, with 
Examination Papers, jamo, as. 6d. 

Principia Latina, Part IL A 

I^tin Reading Book, an Introduction to 
Ancient Mytliology, Geography, Roman 
Antimiities, and History. With Notes 
and Dictionaiy. lamo, 3s, 6d, 

Prindpia Latina, Part III. A 

Latin Poetry Book, containing Easy 
Hexameters and Pentameters,' Ecbgse 
Ovidiainse, Latin Prosody, First Latin 
Yme Book- jsmoj as. 64 . 


riG'.r (,iMuivi ui^m, t .nf.HOUL; tijr 
BulusMf hvof.n, uuSi K«i.ujjj4pn 

.iud hACi’p} .*’« i.ftjH, j'L f d. 

Priiiripiji Lnliua, Pari V. 

'r.iljsam! Aiu'LiiGit hiuji Am ipof 

HiUniv, h‘r Yiau UluonutG I aim Pihm', 

IVniG, JH. 

A lintin-Knglish Vorabulary: 

ati.uigcd .irHiubtig fo subirrt-, .md luy* 
imdui-v i vvhh <i (»urn Kui;b’>!i 1 dk tjVu,»rv 
la l’hmdru‘ 4 , i'nimimi. ,'uvl 

C.r.,u's “GaHu W.u/* mumh, ^<«i, f<d. 

The .Student’s Latin (irnmmar. 

Past Hvo, I s. 

A Sniallcr l,atin (irannnar. 

AbiidKcJ f."'!! (tin .ilnivr, ijiiiih, i., ('.,1. 

GRKKK COURSE. 

Initiii Gnucu, P.irl 1 . A Irinst 

Greek CouHo; cmnpirhmulifp! (hatmiuu, 
Didiicins and KxcrniM'djook. Wiih 
Vociihutarks. taimi, jw. rtti. 

Api>endi.x to fnitia C.ra'ca, 

Fart L“-»Adtliii«uutl KsrrrLcs, i.-iiih Kx- 
amiuatiun i’iipt'rH nnd PaHy Rcadiuiit 
with iltc Htnitcitrcs tmolyM-d, 
serving nn an Ijitrodnctimi in Pan H, 

iyim»i«». 6i{. 

Initia (Irajca, Part If. A 

Greek Heading Book, ctnitaining Shun 
Tales. Anecdoirs, Fahles, Mythology, 
and Oreckn History, Ammued in a 
systematic pragression, with Lexicon, 
tamo, 3*. 6rt. 

Initia Graeca. Part TIL Greek 

Prose <4>mt«wUion; containing a .Sysio- 
math* tkmrse of Kxtrciws on ihe Byn- 
tax, with the Prim'ipat Hubs td Syntax, 
and nn English*Cheek VwmbMlaty to 
the Exercises, tamo, js. 6t,l, 

The Student’s Greek Grammar. 

By Professor CtiRTitis. Post Hvo, 6s. 

A Smaller Greek Grammar. 

Abridged from the above, ierm», 3». 6d, 

Greek Accidence. Extracted 

from the above work, ismo, as. 6d. 

Elucidations of CurUus’s Greek 

Grammar, Translated 'by Evklyn 
A aaoTT, ?o»t 8vo, 71.6d, 

Plato. The Apology of So- 

' crates, the Crito* and Fart of the Phiado; 
' with Noteil in English from Stalibawm* and 
,, Scmeiermacheria Introductbat, lamn# 
3a* 6d, 



29 


Sdiool amf Prise Books. 


FHKNClt. GERMAN. AND ITALIAN COURSE. 


Frotich I’rinciiiia, Fart T. A 

Kil'M Ft nil h Ur.im* 

ttun% nrlrrf«‘i| ;inil I'-AnLiWs with Vn» 
utUuKiiiFH^ iuul iiiAinuilH fur Frnirli 
CoiiMM'Mlknu :i\ Oil, 

ApiKMulix U) I'Vcncii Frincipi.a, 

Part K AtitlilHnial l‘',x'n‘ciseN and 

Ivs.uumatiun rs* thtmu* y»*. (h1. 

Frendi Principia, Part TI. 

A Jl^rnik, with Notes, ami a 

Uiclimjary. 4s. (ul. 

Stiuk‘nt’.s F’reiich Grammar; 

Ptactkal ami lltsloMP.il, Hy C. ItKKOM- 
Wa 14 .. With I iitrodtict ion hy M. hhtr 4 , 
P««tSvo, 6s. 

A Smaller Grammar of the 

Preitnlt Ltnij^tuigc. Abridged from the 
above. i2mu» $%» <Sd. 

SCHOOL AND 

ALsop’a Fables, chiefly from 

Original Htmrcos, by Kev, Thos, jAWifS. 
Witn 100 Woodout.«(. Post 8vti, as. Oil. 

King Kdward Vl.’s Latin Ac- 

cidence. lamo, m, 6d. 

King Edward Vl.’s Latin Gram- 

mar. lamoi 3s. 6d. 

Oxenham’s English Notes for 

Latin Elegittca, fiesigned for early ]^ro* 
heienta in the art of Latin Vcrsllication. 
xamo, 38. 6d. 

Hutton’s Principia Graeca : an 

Introduction to the «tudy of Groek, com- 

g whftnding Grammar, Dclectu*, and 
xtmm Eook, with Vocabukrios. xamo^ 
31, fd. 

Buttmann’s Lexilogusj a CnU- 

cal E^eambadon of the Meaning and Ety¬ 
mology of Pa*iaf«» in Greek Writers. 

’ $vo, in, 

Matthia’s Greek Grammar. 

Revised by „C«u(>ke. Post 8vo, 4a.' 

Horace. With 100 Vignettes. 

Post 8vo, 7ft. 6d. 

Practical Hebrew Grammar; 

with m Appendix, containing the Heb¬ 
rew Text of Genesis L VL and Psalms' 
L VL Grammatical Analysis and Voca¬ 
bulary. By Rev. Stanley Leathes. 
Post 8vo, 7s. 6d. 

Elements of Mechanics, includ- 

ing Hydrostatics. By Prof. Newtk, 
Sm. 8vo> 8s. dd. 


(icrm.in Principia, P.art I. A 

Fir»d Genium (imir .e, pontauiing' Gram- 
filar, Dolt'cfip., Ksen'ints, .uid V^iaUni- 
Kuy. Tvmo, j*;. fid. 

(■. 0 ™!.!!! Principia. .P.irt 11. A 

Reading lionlc, with Notes and a I)ic- 
tniiiary. ivmu, 3s. fid. 

Pniclical Germ.an Grammar. 

With an Historical ikvclopmcut of the 
Language, Post Svu, 3s. C%1 

Italian Principia, Part I. 

A First Course, nmtainitig a Orammar, 
Hctecius, Exercise Hook, with Vorubu- 
iarlesi and Materialit for Ujiliaa Conver¬ 
sation. . By Signor Ricci. rsimo, 3M. 6d. 

Italian Principia, Part II. A 

Rcadittg-Botiki containing Fables, Anec¬ 
dotes, Hisionr, and i^assages from the 
IjCht Italian Authors, with Grammatical 
Que.stbns, Notes, and a Copious Ety¬ 
mological Dictionary, xamo, 3s. 6d. 


PRIZE BOOKS. 

First Book of Natural Philo- 

sophy: an Introduction to the Study of 
Statics, Dyu.aniics, Hydrostatics, Light, 
Heat, and Sound. By Prof. Nkwth. 
Sm. 8vo, 3s. 6d. ^ * 

Mathematical Examples. A 

Graduated Series of Elementary Exam¬ 
ples b Arithmetic, Algebra, Loganthms, 
I'rigonmtietry, and Mechatiic.s. By Pro¬ 
fessor Newtu. Small 8vo, 8 s. 6d. 

Progressive Geography. By 

J* W. Ckqkkr. ifimo, IS. 6d. 

A Child’s First Latin Book, 

comprising a full Praxis of Nouns, Ad* 
jectiveft, and Pronouns, with Active 
Verbs, By T. D. Hall. i6nio, n . 

Gleanings in Natural History. 

By Edwakd Jesse. Fcap. 8 vo, 3 s. 6 d. 

Philosophy in Sport made ’ 

Science in Earnest; or Natural Philo¬ 
sophy inculcated by the Toys luid Sports 
of Youth, By Dr. Fahis* Woodcuts. 
Ecap. 8vo, 7s. 6d, 

Puss in Boots. By Otto Speck- 

TEE. Illustrations. x6ino, xs. 6d. 

The Charmed Roe. By Otto 

Sj’eckthh. Illustrations. s6mo> ss. 

A Boy’s Voyage Round the 

World. By Samuel Smiles. Illustra¬ 
tions. Small Svo, £s, 
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Mr. Murrays List of Works. 


The Home & Colonial Library. 


Class A-^-BrOGRAPHV. HISTORY, 5 cc. 

1. Drinkwater’s Gibraltar. 2s. 

2 . The Amber Witch. 2s. 

3. Southey’s Cromwell and Bun- 

yau. 2.S. 

4. Barrow’s Sir Francis Drake. 2s. 

5. British Army at Washington. 2s. 

6 . French in Algiers. 3 S. 

7. Fall of the Jesuits. 2s. 

k Livonian Tales. 2s. 

9. Conde. By Lord Mahon. 3s. 6d. 

10. Sale’s Brigade in Aftghanistan. 2s, 

11. Sieges of Vienna. 2s. 

12. Milman’s Wa^rside Cross. 2s, 

13. Liberation War in Germany. 3s. 6d. 

14. Gletg’s Battle of Waterloo. 3s. 6d. 

15. Steffens’ Adventures. 2s. 

16. Campbell’s British Poets. 3s. 6d. 

17. Essays. By Lord Maiion. 3s. 6d. 

18. Gleio’s Life of Lord Clive. 3s. 6d4 

19. Stokers and Pokers. By Sir 

Francis Head. as. 

20. Gleig’s Life of Munro. 3s. 6d. 


Class B-VOYAGES and TRAVEL. 

1. Borrow’s Bible in Spain, 3s. 6d, 

2. BoRROw’.s Gipsies of Spain. 3s. 6d. 

3. 4. Heber’s Indian Journals. 7s. 

5. Ploly Land. Irby Mangles. 2s. 

6. Hay’s Western Barbary. 2s. 

7. Letters from the Baltic. 2s. 

k Meredith’s New S. Wales, 2s. 
9. Lewis’ West Indies, 2S‘. 

10. Malcolm’s Persia. 3s. 6d, 

11. Father Ripa at Pekin. zn* 

13 . 13. Met.ville’s Marquesas 7s. 

14. A n bott’ s M issionary i 11 Canada 2s. 

15. Letters from Madras,, 2s, 

r6. St.John’.s Highland Sports. 3b,6cl. 
17, The Pampas. Sir F. Head, 2s, 
ik Ford’s Spanish Gatherings. 3.S, 6d. 

19. Edwards’ River Amazon. 2s. 

20. Acland’s India. 2s. 

21. Kuxton’h RockyM'minlains. 3s6d 

22. Carnarvon’s PortuLml. 3s, 6d. 

23. Haygartu’s Bush Life. 2s, 

24. St. John’s Libyan Desert 2s. 

25. Letters from Sierra Leone. 3s. 6d. 


DB. WM. SMITHES AB’CIBOT ATIiAB. 


AN ATLAS OF ANCIENT GEOGRAPIIY, Biblical and Classical. 
Intended to illustrate the ‘Dictionary of the Bible,’ and the ‘Dictionaries 
of Classical Antiquity.’ Compiled under the superintendency of WM. 
SMITH, D.G.L., and Sir GEORGE GROVXC, LI,.!). FoHo, half- 
bound, £6 ; 6s. 


I, Geographical Systems of the Ancients, 
a. The World as known to the Aucjcut«. 

3, Empires of the Babylonians, Lydians, 
Medes, and Persians. 

4» Empire of Alexander the Great 
S, 6, Kingdoms of the Successors of Alex¬ 
ander the Great, 

7. The Roman Empire in it.s greatest extent. 

8. Th« Roman Empire after its division 

into the Eastern and Western Empires. 

9. Greek and Phoemcian Colonies. 

10. Britannia. 

n. Hispania. 
i», Gallia, 

S3. Germania, Rhattia, Koricum. 

14. Pasonia^ Thmcia, Mcesia, Illyria, Dacia, 
ig. Italy, Sardinia, and Corsica. 

16. Itaha Superior, 
sy. Italia Inferior. 
s8* Plan of Rome. 

*9. Environs of Rome, 

ao. Greece aher the Doric Migration. 


aj. <Irecce during (he Persinn W,tr*t, 

аа, Greece during the PelDpimuesi.iu War. 

33. Greece during the Aclucan i.cague. 

34. Northern Greeec, 

as. Central (Jrccce-Athens* 

аб. Peloiif»»nestm.*-«'With I’hmofKpuna* 
ay. Shores and Iriands of the Algean Sea, 
q8. Historical Maps of Asia Minor. 

39, Asia Minor, 

30. Arabia. 

31, India. 

39. Northern Part of Africa, 

.13‘ and ASthionin, 

34. Historical Mam of the Holy Land, 

35, 36, The Holy Land, North and South, 

37. Jenisalem, Ancient and Modem, 

38, Environs of Jmwalem, 

39* Sinai. 

40 . Asia, to illustrate the Old Testameni:. 

43c. Map, to illustrate the New Testament 
43, 43. Plans of Babylon, Nineveh, Troy, 

Alexandria, and Byzantium. 



Index, 


INDEX. 


Abkrcrom Bin’s Works - sso 
Aoluntrs India - - S 

Atlmiralty INtanual - i 6 , 24 

Aisop*s Fables - aa, 29 

Affriculiural Journal - 25 

Alljort ('I'he) Memorial - 18 

Alice (Piinctiss) Memoirs 6 
Apocrypha (The) - - ‘ jc4 

Army Li.sts - - - 24 

Austin’s Jurisprudence - 20 

B A net ay’s Talmud ^ 14 

Barkley’s I’lirkcy - - 9 

—My Boyhood - - 25 

Barrow’s Autobiography 7 
Barry’s (Sir C.) Life - 7, 20 

— (K. M.) Architecture 20 
Bates’River Amazon - n 
Bast’s Eastern Seas - 8 

Beckett on the R. V. - is 
Bees and Flowers - - 25 

Bell’s (Sir Charles) Letters 6 
Bell’s Tower of London $ 
Bertram’s Harvest of the 

Sea * , ^ “ -17 

Besant’s Life of Palmer 0 
Bible Commentary ^ 2 

Bigg*Wither’s Brazil - n 
Bird’s Sandwich Islands 10 

— Japan - -. ‘ 9 

Rocky Mountains - 11 

— Golden Chersonese 9 

XTisset’a Sport in Africa 9, 25 
Blunt’s Works - ^ 14,15 

——(Lady A, ), Bedouins, &c, 10 
Burrow’s Works - 11, 22 

Boswell’s Johnson - 7 

Brewer’s Henry VTIL - 4 

Bridges (Mrs-.) Travels - 11 

British A.sbociatiou ^ - 16 

Brocklehursi’s Mexico 10, 20 
Brugsch’.s Egypt - - 3 

Bunhitry’s Geography ir, 18 
Burbidge’s Borneo 10, 17 
Burckhardt’s Cicerone 13, 19 
Burgon on the R, V* - 13 

Burn’s Nav, it Mil. Terms 24 
Burneirs Indian Glossary aa 
Burrows* Constitution - 20 

Buttmann’s Works - 29 

Buxton’s Memoirs* SiC, - 6 

Buxton’s I’Dlithml Hnndbk*20 
—* Notes of Thought * 21 

Bylea on Religion - 13 

Byron’s Life - * - 7 

— Poetical Work.s - 23 

Chancellors 

and Chief-Justices - 8 

-Life - . . 8 

Campbeirs (Sir N. > N apoleon 7 
C|trlfsle (Bp* of) E.ssays 16 
Carnarvon’s Athens - 10 

—.Agamemnon - - 23 

Cartwright’s Jesuits 4, 16 

Cathedral (The) - - 15 

Cathedrals of England 14,20 
,, Cesnola’s Cyprus - 9, 18 

. Chaplin’s Benedicite - 16 

Chisholm’s Polar Seas - ii 

Choice of a BwelUng 20, 23 

Church and the Age - 15 

Churton's Poetical Works 23 


Classic Preachers - * 13 

Clodfi’s Mihtai'y Forces 24 

— Martial Law - - 20 

Coleridge’s Table-Talk - 22 

Cole’s Iceland - - ir 

Cookery - - - 23 

Cook’s Sermons - - 16 

— Revised Version - 15 

-Origins of Language 

and Religion - 15, 22 

Cooke’s Sketches - - 19 

-Herefordshire - 5, 19 

Crabbe’s Life and Works 23 
Crawford’s Argo - - 23 

Cvipps on Plate - - 18 

Croker’s Geography - 29 

Croker's Memoirs - - 6 

Crowe’s Flemish Painters 19 

-Painting in Italy - 19 

-Titian - - - 7> ^9 

-Raphael - • “ 7> J9 

Cumming’s South Africa 9, 25 
Currie, Divinity of Christ 13 
Curtius’ Works - - 22 

Ciuzon’s Monasteries - 10 

Cust’s Annals of the Wars 5,24 

Darwin’s Works - - 17 

— (Erasmus), Life - 8 

Davy’s Consolations - 21 

— Salmonia - ^ - 25 

De Cosson’s Blue Nile - 9 

Dennis’ Etruria - - 19 

Derby’s Homer - - 23 

Derry’s Bampton - - JS 

Deutsch’s Talmud - - 22 

Dilke’s Papers of a Ciitic 22 
Douglas’s Gunnery, &c. 24 

Du Chaillu’s Africa - 9 

--—■ Midnight Sun ^ - 11 

Dufferin’s High Latitudes 11 

-Speeches, &c. 20, 22 

Duncan’s Artillery - 3, 24 

— English in Spain - s, 24 

Diirer, Albert - ” 7,^9 

Eastlake’s Essays - 7, 20 

Edwards’ ^W. H,) River 
Amazon . - rt, 30 

lildon’s Life - - . 8 

Elgin’s Ijcttcrs - - 7 

Kllis’s Madagascar - 9; 

— Memoir - - - 6 

Ellis’s Catullus - T 23 

Elphinsiouc’s India - S 

— Life - - . 6 

Elphinstone’s Turning - 1:7 

Elton’s Eastern Africa * 9 

English in Spain - , - 5, 24 

Plssays on Cathedrals 15 

Fei«gus.son’s Architec¬ 
tural Works - - 19 

Forbes* Burma - - 8 

Forsyth’s Plortcnsius - 20 

—— Novels and Novelists 22 
Fos.s’ Biographia Juridica 8 
Frere’s India and Africa 21 
—— Old Deccan Day.s - 22 

G Alton’s Art of Travel ir 
Geographical Journal - x% 
George’s Mosel & Loire tx 


Gibbon’s Roman Empire 3, 27 
GiffartTs Naval Deeds - 24 

Gilbert’s Landscape Art 19 
Gill’s Ascension - 9, 16 

-River of Golden Sand S 


--Memoir - 

- 7,8 

Gladstone’s Rome - 

- x6 

—— Essays - 

20, 22 

Gleig’s Wateiloo - 

5 

-Washington • 

Glynne’s Chiu ches 

5 

- 19 

Goldsmith’s Woiks 

' 23 

Gomm’s Life - 

7 

Grey’s Wm. IVth - 

5 

Grote’s Histories - 

3 

-— Works - 

20, 21 

-Life 

7 

-Mrs. 

- 7 


Hallam’s England - 4 

— Middle Ages - - 4 

— Literary History - 22 

-(Artliur), Remains- 23 

Hall’s English Grammar 28 

-First Latin Book - 29 

Hamilton’s Rheinsberg- 6 
Handbooks for Travellers 12-14 
Hatch’s Aristotle - - 22; 

Hatherley on Sci ipttire - 15 

Hayward's Statesmen - 6 

— Art of Dining - - 23 

Head’s Engineer - - 24 

— Burgoyne - “ 7 

— Bubbles from Nassau ij 

— Stokers and Pokers 22 

Hebei's Poetical Works 13, 23 
Herries’ Life - - 6 

Herschel’s Memoir - 8 

H oil way’s Norway - 11 

Home and Colonial Library 30 
Homer’s Iliad, Odyssey 23 
Hook’s Church Dictionary 14 
Hook’s (Theodore) Xrife 6 
Hope-Scott’s Life - - 6 

Hope’s (R) Worship - tb 
Hosack’s Law of Nations 20 
Houghton’s Monographs d 

-Poetical Works - 23 

Hou.stoun's Wild West - ix 
Hutchinson’s Dog-Breaking23 
Hutton's Principia Crmca 29 
Hutton’s Van Artevelds d 
Jameson’s I tab Ikdnters 7,19 
James’ Soudan - - 9 

Jennings’ Rambles - ix 
Jervis’ Gallican Church 4, 3:3 
Jesse’s Gleanings - 17, 29 

Jex-Blake’s Sermons - x 6 
Johnson’s (Dr.) Life 7 

Julian’s Dictionary of 

Hymnology - - *4 

Junius’ Handwriting - 22 

Kerr’s Country House *20, as 
King Edward Vlth’s 
Grammars - - - 29 

Kirk’s Charles the Bold 4 
Kirkes’ Physiology - 17 

Kugler’s Italian Schools 19 

-German Schools - 19 

Lane’s Modern Egyptians 4,9 
Layard’s Nineveh - - xo 
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Index. 


Leathcs’ Heb Grammar ?9 
Leslie’s Hbk for Painters 20 
Levi’s British Commerce m 


ex 
3 * 27 


X^ex .Salica 
Liddell’s Rome 
Lispings from Low Lati¬ 
tudes . . - * 

Little Arthur’s Eiij?lattd 
Livinjystone’s Travels - 

-Life 

Livingstonia - 
Loch’s China ^ - 

Lockhart’s Spanish Ballads 23 
Loudon’s Gardening - 25 

Tauber’s Primary Works 15 
Lyali’s Asiatic Studies - sr 
Lyell’s Works - ■ t8 

Life - - • 8 

LyelTs H’book of Ferns 17,25 
Lyndhurst’s l^ife - - 8 

Lvtton’s Julian Fane - 6 

M'CuNTOcK’sArcLicScaa 11 
Macdougall’s Warfare - 24 

Maegregor’s Rob Roy - to 
Madras, Letters from - ' 8 
Mae toner’s Eng* Grammar sa 
MahoiVs Belisarius • 7 

Maine’s (Sir H.^ S.) Works at 
Malcolm’s I*ersia * 

Mallock's Essays - 

Hansel's Lectures, &c. • 
Marco Polo’s Travels • 
Markham’s Histories • 

— (C. R.); Cinchona • 
Marryat’s Pottery * 

Masters in Theology - 
Matthiaa’s Greek Gram. 
Mayo’s Sport in Abyssinia g, 25 
Meade’s New Zealand *■ to 
Melville’s Typee and Omoo to 
Meredith’s New So. Wales 10 
Michel Angelo - - 7> *9 

Middleton’s Rembrandt xg 
Millington’s J^and of Ham *4 
Milmau’s Histories - 4, tiS 

— St. Paul’s - - s« ^4 

-Christianity - • 4, x6 

—— Latin Christianity - 4, 24 
~ Fall of Jerusalem 

Horace -• 

—(Bishop), life of 
Miviirt’s Essays - 
—The Cat * ■ 
Moggridge's Almsgiving ax, ag 
Moore’s info of Byron - 7 

Moresby’s New uuinaa 10 
Mojfsman’s Japan • « $ 

Motiw’s Histories - • 4 

Banieveld < *• 4 » <5 

Mminsey’s Satsuma Rebel¬ 
lion . - . . a 

Money’s Predestination^ tS 
Muirhead’s Vaux-de*Vire aa 
' Murchison’s Siluria - t8 

Memoirs - - S 

Musin and Dress - - as 

Musters’ Patagonians - tt 
Knclish Buttles s 
NaamyiUsLue - - 8 

Nautical Almanack - 24 

Navy List - - « 124 

New Testament - *-14 

NeanNs Works on Science 29 
Nmholls, SijrCn,Po6rXjaws ai 
Htetofc Peerage $ 
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a 

17 

17 


Nimnjd - - “ . 

NordhofX’s Communistic 
Societies - - - 

Northcote’s Note-Book. 

Oun.shy's Life of Hope* 

Scott - - “ - 

Otter’s Winters Abroad s o, x 7 
Owen’s Modern Artillery V4 
Oxenlumi’s Latin J^lcgiacs 29 

»4 
21 
ilia 

n 
b 
16 
6 
se 


Facet’s Crimea - 
Palsgrave's Taxation 
Pal User’s Atomimenls 
Parkyns' Abyssinia 
Peel’s Memoirs 
Percy’s Metallurgy 
Perry’s St. Hugh - 
Phillips’ Literary Essays 


Philosophy in S; 
Pollocks Faniilv 


Sport 16, S9 


Pope’s Works - - 23 

Porter’s Damascus » 10 

Prayer-Book - - -14 

Privy Council Judgments 
PussLin Boots- - - 

QuartKhlv Review - 33 

Rak^s Barbary - - 9 

“--—White Sea • • ii 

Rassam’s Abyssinia - 9 

Ruwlmsan*» licmdotus 3 

— Ancient Moimrchiek 3 

— Russia in the Xkist xe, ai 

RedLliiTe (Lord S. de), East¬ 
ern Question - - so 

l^ced’sShipbuilding.^ltc. id, 
“Japan - - - 9 

Rejected Addresses - 23 

Reynolds’ Life - - 7 

Ricardo’s Works - ^ - 31 

Robertson’s Church His¬ 
tory - • • 4, t4 

Robi»‘5on*s Palestine 10, t«i 
Phyvsical Geography iK 
— Hortinihumi Wmks 35 
Robson’s School Archi¬ 
tecture - - - ao 

Rowland’s Constiwition ao 
Laws of Nature - »w 

f?T, jAum* Lectures • r3 
St. John's Wild Sport* - »js 
-— Libyan De.«rt - 9 

Saldanha’s Memoir* • 7 

Sale's Airgliau War - « 

Scepticbm in Geology - 18 

Schuemann’s Troy and 
Mycenie - - 9> 

Schomberg’sOdyssey • ai 
Serhool and Xh-ixe Book* - 
Scott’s* Architecture - 191 

Scrutton’* Copyright Law* ao 
Seebohm’s Siberia 10, x7 
Selbtirne on the Liturgy 4 
.Shaslows of Sii k Romn • 
hixnmons’ Couri-Murtiul ao 
SmlloH’ Works, 6 , x?, aa, 35, ay, 

i&C, 

Smith (G.) Indian f »eog* 8 
Smith (P.J Ancient Ui'»tory 3,4 
Smilh’4 (l>f. W.) Dictionane* 
3, 4, d, 7, ix, 14, afj, Ctwtr 
Ancient AtUii xx, 30 
““ Educational Courwo a, v8 
StnalUfT Hbtorlft* *o, m 


SomcrvillA Lib* - * H 

Swmcrvillc*\ Works in, tg 

South's Surgorv - i;, ^5 

“--‘Life ^ . h 

.S{,jjih«j}w;*i!, Histories - c 

-Ess,I vs, ‘ - 5, au 

btiinlov *« Sinai < .. Hi 

•* "" Bildti iitslorit's in 

Holy l*aiul < - 10 

. Ckuitmlnny - » 4 

—Wttsiiniiisiur Ablwy 5 

- -- .Sermons - - . ti, 

Arnold - . f, 

- — - tVriuthiiUis . - itj 

- < .luistimi luslitiitinns 15 
Memoir nf * » 6 

Ste|ihe«is's Chi ysnstorn - <$ 

SioticH for Clilidrju . yjj 
Street’s Arcfntvr 1 nr.il Woj ks tg 
Stum t\ Egypt, Krs 3,9, 

Students Mamuil'4 - 4, ^7 

SumntT’s IJfc * • 

Swainsou's CrvrrK - t s 
Swift ’h Life « ,. * 7 

Sybcl's French Revolution 5 
Symoiuis' Rmirtls of the 
Rock 4 - *■ » - 18 


TEMrMdH Imim, ^0, - 8, su 

Thilnmt’* MuHical Art 
Thichnuim’s CkuivuNUM - to 

Thomson'* Scrmouf* h, 

Titian's LBV mul Times 7, *9 
Tocmieville’s Fmire - .f$ 

Toimiiisuii'* Sonnet « 23 

'rozer's Turkey Grom? 10 
TriMratriV Laud (,tf Mri.ib *r» 

Great Halmm - • g 

Turkey, Ludyjs Life in - to 

Tytor's I'rimilivc Culture ax 

““^•7 n mb of Mankind - vt 

Twining** Recwtlions - a« 


Van LiweFh Aaiu Minor 0 

Itihlc LmuK - » *4 

Vutirmt i'ounml - - ib 

VirchowV Frimdotu of 
Science * - * 17 * 


Waije'h Lecture* » 

WeigaUV Xhincei** Char- 
hate - ^ 

Wellington’s 1 s, *4 

WestKoU’w St, John « 
Wlmfton'* Naval Survey¬ 
ing* ’' * * »4 

Whim’s Naval Archhw* 
turo « - - - 34 

a Kww's Matterhorn * *t 
erforcc’s Life - * d 

Wilkuumn’s Egyptiau* « 3 

— Sunny Lamk* - is 
William*' Religion* of 
India « “ “ »S 

WUsmi’s Life nud Dtarv 7 

Jolmi Life of 6 

WiKori's Mif hel Atigelo«7, 19 
Wood VG MU* - a 

Woul* of Huttuu Wisdom «« 
Wordswoiih’^ Cheoce 3, tt, %$ 


H 


YmmnS Nyassa • * 0 

Vole’s Ma«*o Polo • « » 

— (A* • - «* 
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